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	2. The major functions  of the kidneys are to excrete
metabolic waste products as well as to maintain
water, pH, electrolyte balance, production of calcitriol
and erythropoietin (Box 25.1). A decrease in kidney
function is due to a reduction in the performance
of nephrons. The functional unit of the kidney is
the nephron, which is composed of the Bowman’s
capsule with the glomerular tuft of capillaries, the
proximal convoluted tubule (PCT), loop of Henle,
distal convoluted tubule (DCT) and collecting tubules.
Kidney Function Tests
Chapter 25
ChapterataGlance
The learner will be able to answer questions on the following topics:
¾
¾ Glomerular functions
¾
¾ Tubular functions
¾
¾ Abnormal constituents of urine
¾
¾ Clearance tests: Inulin, creatinine and urea
¾
¾ Proteinuria
¾
¾ Tests for tubular functions
1. Excretion of urea and other waste products, such as creatinine,
uric acid and metabolites of xenobiotics (Table 25.4)
2. Maintaining water balance
3. Excretion of sodium (effect on BP)
4. Excretion of potassium (effect on heart)
5. Excretion of hydrogen ions (maintenance of pH)
6. Activation of vitamin D (effect on bone)
7. Production of erythropoietin (effect on RBCs)
8. Filtration: 180 liters/day of water with all sodium, chloride,
sugar and amino acids
9. Reabsorption: 178.5 liters reabsorbed; all glucose and amino
acids reabsorbed; most of sodium and chloride reabsorbed.
Box 25.1: Functions of kidney at a glance
I. To screen for kidney disease
		 Complete urine analysis
		 Plasma urea and creatinine
		 Plasma electrolytes
II. To assess renal function:
a. To assess glomerular function
		 Glomerular filtration rate
			 Clearance tests
		 Glomerular permeability
			Proteinuria
b. To assess tubular function
		 Reabsorption studies
		 Secretion tests
		 Concentration and dilution tests
		 Renal acidification
Box 25.2: Classification of renal function tests
Renal Function Tests
The classification of renal functional tests are shown
in Box 25.2.
Glomerular Function
When the blood is perfused through the Bowman’s
capsule, an ultrafiltrate of the blood is produced in
glomerulus, while the cells and proteins are retained
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in the blood. The sieves of the glomeruli are such that
hemoglobin (mol wt 67,000 D) is passed through to
be excreted in urine, while albumin (mol wt 69,000
D) is retained in the blood. Therefore, the earliest
manifestation of the a bnormal function of the glomeruli
is the appearance of albumin in urine.
Glomerular Filtration Rate (GFR)		
GFR is decreased when BP is below 80 mm of
mercury. The GFR is reduced when there is obstruction
to the renal flow (calculi, enlarged prostate, etc.). It also
decreases with age. The renal blood flow is about
700 mL of plasma or 1200 mL of blood per minute.
The glomerular filtration rate (GFR) is 120–125 mL per
minute in a person with 70 kg body weight. Glomerular
filtrate formed is about 170 to 180 liters per day, out of
which only 1.5 liters are excreted as urine. This means
that most of the water content of glomerular filtrate is
reabsorbed.
Functions of the Tubules			
When the glomerular filtrate is formed, it contains
almost all the crystalloids of plasma. In the proximal
convoluted tubules, about 70% water, Na+
and Cl–
as well
as 100% glucose, amino acids and K+
are reabsorbed.
Urea, phosphate and calcium are partially absorbed.
(Table 25.1). Table 25.3 shows the functions of different
parts of the renal tubules.
Renal Threshold and Tubular Maximum
Compounds whose excretion in urine are
dependent on blood level are known as threshold
substances. At normal or low plasma levels, they
are completely reabsorbed and are not excreted
in urine. But when the blood level is elevated, the
tubular reabsorptive capacity is saturated, so that
the excess will be excreted in urine (Table 25.2). The
renal threshold of a substance is the plasma level
above which the compound is excreted in urine. For
glucose, the renal threshold is 180 mg/dL. In other words,
glucose starts to appear in urine when blood level is
more than 180 mg/dL. Table 25.2 gives a list of threshold
substances. In abnormal conditions, the renal threshold
may be lowered so that even at lower blood levels,
compounds are excreted in urine, e.g. renal glucosuria
(glucose); and renal tubular acidosis (bicarbonate).
Reabsorption of Water				
The osmolality of urine can vary between 60–1200
mosmol/kg (specific gravity = 1.003 to 1.032),
depending on the water intake and state of hydration.
The GFR is about 125 mL/min. In the proximal
convoluted tubules, most of this is reabsorbed. Since
Na+
, Cl–
and HCO3
–
ions are absorbed, water has to
move along with the solutes to maintain the osmolality.
Hence, this is called obligatory reabsorption of water.
By the time it reaches the loop of Henle, the filtrate is
only 25 mL/min. Here sodium is again reabsorbed, but
water absorption is less so that, urine, is hypotonic at
this level. 						
Table 25.2: Threshold value of some common substances
excreted through urine
Substance Threshold value plasma level
1. Glucose 180 mg/dL
2. Lactate 60 mg/dL
3. Bicarbonate 28 mEq/L
4. Calcium 10 mg/dl
Table 25.3: Main functions of kidney tubules
Segment of nephron Reabsorption of Secretion of
Proximal
convoluted
tubule (PCT)
Sodium (85%),
Chloride (85%),
Bicarbonate (85%),
Glucose (100%),
Amino acids (100%),
Uric acid, water (obligatory).
H+
,
Acids
and bases,
NH4
+
,
Diodrast,
PAH
Loop of Henle Na+
, Cl–
, Ca++
, Mg++
Distal convoluted
tubule (DCT)
Na+
, Cl–
,
Water (facultative)
H+
, K+
, NH4+
,
Uric acid
Table 25.1: Handling of solutes by the renal tubules
Compound Mode of handling by tubules Relative concentration
Creatinine Not reabsorbed; secreted in
small amounts
GF = Urine
Uric acid 90% is first absorbed in PCT;
but later secreted in DCT
GF ≅ Urine
Urea About 40% reabsorbed in
PCT
GF > Urine
Sodium Partially reabsorbed GF > Urine
Glucose Completely reabsorbed GF >> Urine
Amino acid Completely reabsorbed GF >> Urine
Abbreviation: (PCT = proximal convoluted tubules; DCT = distal
convoluted tubules)
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By the time urine reaches distal tubules, the
flow rate is reduced to 16 mL/min. Here again water
is reabsorbed, but it is under the influence of ADH.
Therefore, this is called facultative reabsorption
of water. ADH secretion, in turn, is controlled by
hypothalamic osmoreceptors. The osmolality of plasma
is the stimulus for modulating ADH secretion. Thus,
when urine reaches the collecting ducts, the flow rate is
only about 1 mL/min, and the urine is hypertonic. Clinical
applications of diuretics are shown in Box 25.3.
abnormal constituents of
urine
In clinical biochemistry, urine is tested and report is
given on a urine sample. The procedure is called urine
analysis or urinalysis. For details of the tests, the
student may refer the practical textbook. The routine
analysis of urine is the most popular test in hospital
practice. The following parameters are usually checked
when reporting on a urine sample.
Physical Characteristics of Urine
i. Volume: The average output of urine is about 1.5
liters per day. Urine volume may be increased in
excess water intake, diuretic therapy, diabetes
mellitus and in chronic renal diseases. Urine
volume may be decreased in excess sweating,
dehydration, edema of any etiology, kidney
damage. Urine volume 1.5 L/24 h; typical in
health, oliguria < 400 mL, anuria < 100 mL,
polyuria > 3000 mL
ii. Specific gravity: Described under tests for
tubular function. A summary of the findings is
listed in Tables 25.4 and 25.5.
Chemical Characteristics of Urine
Reaction to Litmus
The pH of urine varies from 5.5 to 7.5. If diet is rich in
proteins, sulfuric and phosphoric acids are produced
from amino acids, and the urine becomes acidic. If the
diet is rich in vegetables, urine is alkaline because the
organic acids (citric and tartaric) present in vegetables
are converted to bicarbonate in the body.
Proteins						
Proteinuria is an important index of renal
diseases. In normal urine, protein concentration is
very low, which can not be detected by the usual
tests. These proteins are secreted by the tubular
epithelial cells. The proteinuria is commonly assessed
by the heat and acetic acid test. Now dipstick test
is replacing the old methods. Microalbuminuria and
proteinuria are described in detail under markers of
glomerular permeability.
Blood
Hematuria is seen in nephritis and postrenal hemor
rhage. Hemoglobinuria is due to abnormal amount
of hemolysis. Occultest tablets and Hemastix strips
are available for rapid testing of blood in urine.
Reducing Sugars (Glycosuria)
Benedict’s test may be used as a semiquantitative
method for sugar estimation in urine. Dipstick is now
replacing the old Benedict’s test for detection of glu
cose in urine.
Ketone Bodies
They are acetoacetic acid, beta hydroxybutyric acid
and acetone. Ketonuria is seen in diabetes mellitus,
starvation, persistent vomiting, von Gierke’s disease
1. Osmotic diuretics act by interfering with reabsorption of
solute so that more water is obligatorily excreted along
with the solute. Osmotic diuretics mainly act at the proximal
convoluted tubules, e.g. mannitol.
2. When carbonic anhydrase is inhibited, the dissociation
of H2
CO3
to H2
O and CO2
is not taking place. Net effect is
decreased reabsorption of bicarbonate, sodium and water.
Thus acetazolamide, a carbonic anhydrase inhibitor, will
cause diuresis.
3. The thiazide group of diuretics act on distal convoluted
tubules, inhibiting sodium reabsorption and therefore more
water is excreted obligatorily.
4. Frusemide acts on the ascending limb of loop of Henle,
inhibiting chloride reabsorption along with Na+
and water. So,
chances of K+
depletion are present.
5. Aldosterone antagonists (Spiranolactone) inhibits sodium
reabsorption.
6. In congestive cardiac failure, diuretics form an important
part of therapy.
Box 25.3: Clinical applications of diuretics
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and in alkalosis. Ketone bodies are analyzed by Ro-
thera’s test. Nowadays, ketostix strips are available
for rapid test for ketone bodies.
Bile Salts
Bile salts are present in urine during the early phase
of obstructive jaundice (see Chapter 24). Their pres
ence is identified by Hay’s test.
Bile Pigments
Bilirubin appears in urine during obstructive jaundice
(see Chapters 22 and 24). It is detected by Fouchet’s
test.
Urobilinogen
In hepatocellular jaundice, urobilinogen is absent
in urine. The earliest sign of recovery is the re-
appearance of urobilinogen in urine (see Chapter 24).
It is identified by Ehrlich test In hemolytic jaundice
excretion of urobilinogen is increased and these tests
will be frankly positive.
Non-protein Nitrogen (NPN)
These include urea, creatinine and uric acid. These
compounds are excreted through urine. In kidney dys
function, the levels of these compounds are elevated
in plasma. Of the three, creatinine estimation is the
most specific and sensitive index of renal function.
Other minor components of NPN are urobilinogen,
indican, ammonia and amino acids.
Normal blood and urine levels of these parameters
are shown in Table 25.6.
Markers of GlomerUlar Fil-
tration Rate
Clearance Tests
Measurement of the clearance is predominantly a test
of glomerular filtration rate (GFR) (Fig. 25.1). Mea
surement of glomerular filtration rate (GFR) provides
the most useful general index for the assessment of
the severity of renal damage. A decrease in the renal
function is due to the loss of functional nephrons,
rather than a decrease in the function of individual
nephron. The relation between clearance value and
GFR is shown in Table 25.7 and Figure 25.1. Substan
tial kidney damage occurs before GFR is decreased.
Normal GFR for young adults is 120–130 mL/
mt/1.73M2
. A decline with age is significant and more
than 25% of people older than 70 years may have a
GFR less than 60 mL/min.
Table 25.4: Urine appearance
Appearance Significance
1. Clear Normal urine is straw colored
2. 
Cloudy/
Opalascent
Urine turns cloudy on standing due to
precipitation of phosphates on refrigeration
Presence of pus causes cloudiness
3. High color Concentrated urine, Oxidation of urobilinogen
to urobilin
4. Yellow Bilirubinuria in jaundice B-complex intake
5. Smoky red Presence of blood
6. Brownish red Hemoglobinuria
7. Orange High levels of bilirubin; Rifampicin
8. Red Porphyria; Ingestion of red beet
9. Black urine Alkaptonuria; Formic acid poisoning
10. Milky urine Chyluria
Table 25.5: Abnormalities detected in dipstick
Test and normal range Interpretations
1. 
Specific gravity
1.005–1.025
Low SG in renal tubular dysfunction;
diabetes insipidus; polydypsia. High SG in
inadequate water intake; volume depletion
2. 
pH 5.5–6.5 Low pH in high protein diet and acidosis,
recent meal-alkaline tide, high pH in low
protein diet
3. Blood Menstruation, traumatic catheterization,
glomerulonephritis, stones, tumor and
trauma of urinary tract hemoglobinuria-
hemolysis
4. 
Protein 150 mg/
day
Fever, exercise, orthostatic proteinuria;
glomerulonephritis, urinary tract infection,
tubular diseases
5. Glucose Diabetes mellitus, renal glucosuria;
Fanconi's syndrome
6. Ketone bodies Diabetes mellitus, starvation
7. Bilirubin Hepatitis, obstructive jaundice
8. 
Urobilinogen 4
mg/day
Concentrated urine; hepatitis; intravascular
hemolysis; low in obstructive jaundice
9. Bile salt Obstructive jaundice
10. Nitrite Urinary tract infection
11. Leukocyte esterase Urinary tract infection, fever
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Definition
Clearance is defined as the volume of blood or plasma
completely cleared of a substance per unit time.
It is expressed as milliliter of plasma per minute
(not as g or mg). Clearance estimates the amount of
plasma that must have passed through the glomeruli
per minute with complete removal of that substance
to account for the substance actually appearing in the
urine.
				
mg of substance excreted per minute
Clearance =
				mg of substance per mL of plasma
It is calculated by using the formula:
		
		
U × V
C =
		
P
where U = concentration of the substance in urine; P
= concentration of the substance in plasma or serum
and V = the mL of urine excreted per minute. The
value is expressed as mL/minute.
If the substance is freely filtered across the
capillary wall, and neither secreted nor reabsorbed,
then its clearance is equal to glomerular filtration
rate. A substance which meets these requirements
is an ideal filtration marker. If the substance is also
secreted by the tubules, the clearance exceeds GFR.
For those which are reabsorbed by tubules, clearance
is less than GFR (Fig. 25.1).
Creatinine Clearance Test
Importance of Creatinine Clearance		
Creatinine is a waste product, formed from creatine
phosphate (see Chapter 18). This conversion is
spontaneous, non-enzymatic, and is dependent on
total muscle mass of the body. It is not affected by diet,
age or exercise. Women and children excrete less
creatinine than men, because of their smaller muscle
mass. About 98% of creatine pool is in muscle. Since
the production is continuous, the blood level will not
fluctuate much, making creatinine an ideal substance
for clearance test. Box 25.4 shows the advantages and
disadvantages of creatinine clearance test.		
Since creatinine excretion is a constant in a
particular person, the urine creatinine is sometimes
used to check whether the 24 hours urine sample
does actually contain total urine volume or not. This
is important when urine is collected from children and
mentally retarded persons. In order to circumvent the
difficulty of urine collection, nowadays it is customary
to express urinary concentration of other substances
per gram of creatinine rather than per 24 hours urine.
Reference Values of Creatinine
Adult males, 0.7 – 1.4 mg/dL
Adult females, 0.6 – 1.3 mg/dL
Children, 0.4 – 1.2 mg/dL.
The kidney reserve is such that about 50% kidney
function must be lost before creatinine level in blood
is raised. Serum level usually parallels the severity of
the disease.
Creatinine level more than 1.5 mg/dL indicates im-
pairment of renal function. Creatinine is quantitated by
Jaffe’stest(alkaline picrate).Testkitbasedonspecific
enzymatic reaction is also available.
Reference values for creatinine level in blood and the
creatinine clearance are shown in Table 25.8. When
corrected for surface area, the creatinine clearance
valuewillbecomecomparablebetweenmales,females
andchildren,whichisabout100mL/min/1.73sqmeter.
Interpretation of Creatinine Clearance
A decreased creatinine clearance is a very
sensitive indicator of reduced glomerular filtration
rate. Factors which will alter the creatinine level are
indicated in Table 25.9. Clearance value up to 75% of
the average normal value may indicate adequate renal
function. In older people, the clearance is decreased.
The test is very helpful in long term monitoring of
patients with renal insufficiency.
Estimated GFR (eGFR)
Asimpler technique of estimating creatinine clearance
and there by GFR is by using serum creatinine
level. This would eliminate the need for timed urine
collections. A commonly used formula is Cockcroft-
Gault equation.
Ccr = (140 – age in years) × weight in Kg (0.85 in
females)/72 × Pcr in mg/dL
The factor 0.85 is used in females assuming
that they have 15% less muscle mass. The issue
 


	7. 337
Chapter 25: Kidney  FunctionTests
detecting mild renal impairment. The tubular secretion
contributes approximately 20% of the total creatinine
excretion by the kidney, and this contribution can
increaseasGFRdecreases.Serumcreatininedoesnot
increaseuntiltheGFRhasmoderatelydecreased.This
insensitivity to moderate decreases in GFR is called
creatinine blind GFR area (40–70 mL/min/1.73 m2
).
So, serum creatinine may not be a good parameter
for determination of GFR.
On the other hand, Cystatin C is an excellent
GFR marker. The blood levels are not depended on
age, sex, muscle mass or inflammatory processes.
It is sensitive to changes in the so-called creatinine
blind area of GFR (40–70 mL/min/1.73m2
). So, serum
level of cystatin is a better test for kidney function
(GFR) than serum creatinine levels. Since, there is
no tubular secretion of Cystatin C, it is extremely
Fig. 25.1: Tubules handle substances differently
Table 25.6: Common tests to assess kidney function
Constituent Blood level or Urine
excretion
Factors affecting urinary
excretion
Urea B= 15–40 mg/dL
U= 15–30 g/day
Dietary proteins,
protein catabolism, Renal
blood flow
Creatinine B=0.7–1.4 mg/dL(M)
B = 0.4–1.3 mg/dL(F)
U = 1–2 g/day
GFR, tubular secretion, age,
sex, muscle mass
Uric acid B= 3–7 mg/dL (M)
B= 2–5 mg/dL (F)
U= 0.5–0.8 g/day
Purine catabolism, tubular
excretion
Sodium B=135–142 mmol/L State of hydration, dietary
sodium, renal function
Potassium B=3.5–5 mmol/L Dietary potassium, acid
base balance, renal function
Calcium B=9–11 mg/dL Dietary calcium, PTH,
calcitonin, renal function
of overestimation cannot be eliminated by this
calculation.
A more recent equation used in the MDRD
(Modification of Diet in Renal Disease) study is more
accurate. This equation directly estimates GFR.
The estimated GFR (eGFR) (mL/min/1.73m2
)
= 186 × (Creatinine/88.4) -1.154 × (Age) – 0.203 ×
0.742 (if female)
eGFR can be used for staging of patients with
chronic kidney disease. eGFR can only be used
accurately in patients with chronic kidney disease
and neither in healthy individuals, nor in children and
obese people. The accuracy of plasma creatinine
estimation is a major deciding factor in both equations.
Creatinine Co-efficient
It is the urinary creatinine expressed in mg/kg body
weight. The value is elevated in muscular dystrophy.
Normal range is 20–28 mg/kg for males and 15–21
mg/kg for females.
Cystatin C as a Filtration Marker
It is a marker which has advantages over serum
creatinine. Normal blood level of cystatin is 0.8 to
1.2 mg/L. It is expressed in virtually all organs of the
body. It is the most abundant extracellular Cysteine
protease inhibitors.
Creatinine is the most widely used biomarker of
kidney function. But sometimes, it is inaccurate in
Table 25.7: Relationship of GFR with clearance
Mechanism Result Example
Urea GFR = clearance Inulin Creatinine
Substances filtered;
neither reabsorbed nor
excreted
GFR = clearance Uric acid
Substance filtered;
reabsorbed and excreted
Clearance  GFR Urea
Substances filtered;
partially reabsorbed
Clearance  GFR Diodrast, PAH
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sensitive to minor changes in GFR in the earliest
stages of chronic kidney diseases.
Chronic Kidney Disease (CKD)
GFR calculated from serum creatinine and MDRD
equation are used to grade CKD (Table 25.10).
CKD is a silent killer. CKD is a growing problem
that affects approximately 12 % of the adult
population. Major risk factors of CKD are diabetes
mellitus, hypertension, glomerular nephritis, urinary
tract infection, autoimmune diseases, kidney stones
and toxic effects of some drugs. Markers for CKD are
serum creatinine, eGFR, microalbumin and Cystatin
C (Table 25.11).
Acute Kidney Injury (AKI)
AKI is characterised by a rapid rise of serum creati
nine with low urine output. Onset of AKI can be swift
and often deadly. In acute kidney injury, serum creati
nine (sCr), can take days to show an increased level.
Novel biomarkers of tubular injury such as urinary
neutrophil gelatinase-associated lipocalin (uNGAL)
may enable the early detection of acute kidney injury
before a change in GFR is observed. The uNGAL is
very useful when sCr level is not increased.
Urea Clearance Test
Importance of Urea Clearance
The urea clearance is less than GFR, because urea
is partially reabsorbed (Fig. 25.1). Urea clearance is
the number of mL of blood, which contains the urea
excreted in a minute by kidneys.
Maximum Urea Clearance
The urea clearance is calculated by the formula
			 U × V/P
where U = mg of urea per mL of urine; P = mg of urea
per mL of plasma and V = mL of urine excreted per
minute. This is called maximum urea clearance and
the normal value is found to be 75 mL/min.
Standard Urea Clearance
But the clearance value is decreased when V, the
volume of urine, is less than 2 mL/min. Then, it is
called standard urea clearance, where the normal
value is found to be 54 mL/min, and is calculated as:
		
U × √ V
P
Interpretation of Urea Clearance Value		
If the value is below 75% of the normal, it is considered
to be abnormal. The values fall progressively with
failing renal function. The clearance value may be
abnormal even though the plasma urea values are
within normal limits. The plasma urea values will start
to rise only when the clearance value falls below 50%
of the normal. Urea is normally reabsorbed from renal
tubules and therefore, tubular function also affects urea
clearance. Hence, creatinine clearance test or Cystatin
C estimation are more preferred. Urea is freely filtered
by the glomerulus and passively reabsorbed in both
PCT and DCT. Urea clearance is less than GFR (Fig.
25.1).
Blood Urea Level
Normal serum urea value is 20 – 40 mg/dL.
Interpretation of Blood Urea Value
Urea is the end-product of protein metabolism
(see Chapter 17). The serum concentration of urea
Advantages
1. Extrarenal factors will rarely interfere.
2. Conversionofcreatinephosphatetocreatinineisspontaneous,
non-enzymatic.
3. As the production is continuous, the blood level will not
fluctuate. Blood may be collected at any time.
4. It is not affected by diet or exercise.
Disadvantages
1. Creatinine is filtered by glomeruli, and actively excreted
by the tubules. Of the total excretion, about 10% is by
tubular component. When the GFR is reduced, the secretion
component is increased, and will viciate the results. The
creatinine clearance is said to overestimate GFR by about
10–20 mL/min.
2. When GFR is severely reduced, extrarenal excretion increases.
Then the major route becomes the degradation by intestinal
bacterial flora.
3. Very early stages of decrease in GFR may not be identified by
creatinine clearance (creatinine blind area).
4. Other prerenal, renal and postrenal causes will influence
creatinine clearance (see under urea clearance).
Box 25.4: Advantages and disadvantages of using creatinine
clearance test as a GFR marker
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generally increases as the age advances. The lower
range is usually seen in young adults and the upper
limit is normal for elderly people. Therefore, a value of
40 mg/dL in a patient of 25 years may be considered
as suspicious, while the same value in a person of 60
years can be considered as perfectly normal. Causes
for increased blood urea are enumerated in Box 25.5.
Renal Diseases				
Serum urea is increased in all forms of kidney
diseases. In acute glomerulonephritis values may be
as high as 300 mg/dL. In early stages of nephrosis,
serum urea may be normal, but in late stages serum
urea increases along with decreasing renal function.
In malignant hypertension and in chronic pyelo-
nephritis, the values may reach very high levels.
Prerenal and postrenal causes are shown in Box 25.5.
Decreased Blood Urea
Urea concentration in serum may be low in late
pregnancy, in starvation, in diet grossly deficient in
proteins and in hepatic failure.
Azotemia
Increase in the blood levels of NPN is referred to as
azotemia and is the hallmark of kidney failure.
Inulin Clearance
Inulin is a polysaccharide of fructose. It is not
appreciably metabolized by the body. It is neither
absorbed nor secreted by the tubules. Therefore,
inulin clearance is a measure of GFR. The test needs
continuous infusion of inulin so as to keep the plasma
level adequate. Since it involves administration of an
extraneous compound, this procedure is not used
routinely.
Inulin clearance (GFR) = 125 mL/min and urea clear
ance = 75 mL/min.
inulin clearance – urea clearance
glomerular filtration rate
125–75
125
= = 0.4
In other words, 40% of urea present in the glomerular
filtrate is reabsorbed in the tubules.
Diodrast Clearance
Diodrast is a contrast medium usually used in taking
X-ray of urinary tract. Diodrast and PAH (para-amino
hippurate) are filtered and excreted, so that these
substances are removed by one passage of the blood
through kidney. PAH clearance is a measure of renal
plasma flow. It is about 700 mL of plasma or 1200
mL of blood per minute and is about 1/4th of the total
cardiac output.
Since, renal plasma flow is 700 mL/min and the
GFR is 125 mL/min, it is obvious that about 1/5th
of the plasma brought to the glomeruli becomes
the glomerular filtrate. This is called the filtration
fraction.
MARKERS OF GLOMERULAR
PERMEABILITY
The glomerulus acts as a selective filter of the
blood passing through its capillaries. Passage of
macromolecules is restricted based on their charge,
size and shape. Molecules smaller than 5 kD, such as
urea, glucose, creatinine and electrolytes are freely
filtered by the glomerulus. The glomerular membrane
is such that albumin (mol wt 69 kD) is retained in the
Table 25.9: Factors affecting serum creatinine
Factors reducing serum
creatinine
Factors increasing serum
creatinine
Low muscle mass Old age
Females Males
Malnutrition Renal diseases
Medicines Glomerulonephritis
Thiazide Pyelonephritis
Vancomycin Renal failure
Urinary obstruction
Congestive cardiac failure
Dehydration, shock
Medicines
Amphotericin B
Cephalosporins
Kanamycin
Table 25.8: Normal reference values
Serum creatinine GFR
Adult male 0.7 – 1.4 mg/dL 95 – 115 mL/min
Adult female 0.6 – 1.3 mg/dL 85 – 110 mL/min
Children 0.5 – 1.2 mg/dL
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blood, but free hemoglobin (mol wt 67 kD) is filtered
and excreted in urine.
Proteinuria
It may be of the following types:
Glomerular Proteinuria
Plasma proteins are absent in normal urine. When
glomeruli are damaged or diseased, they become
more permeable and plasma proteins may appear in
urine. The smaller molecules of albumin pass through
damaged glomeruli more readily than the heavier
globulins. Albuminuria is always pathological.
Overnight first voided sample (early morning urine-
EMU) may be used for the measurement of protein.
Detection limit with Dipstick is 200–300 mg/L.
300 mg/day = Benign proteinuria
300 mg – 1000 mg = Pathological proteinuria
 1000 mg/day = Glomerular proteinuria
Indications for quantitation are shown in Box 25.6.
Microalbuminuria
It is also called minimal albuminuria or paucialbuminuria.
It is identified, when small quantity of albumin (30–300
mg/day) is seen in urine. The test is not indicated in
patients with overt proteinuria (+ve dipstick). Early
morning midstream sample is preferred.
Microalbuminuria is an early indication of ne
phropathy in patients with diabetes mellitus and
hypertension. Hence, all patients who are known
diabetics and hypertensive should be screened for
microalbuminuria. It is an early indicator of onset of
nephropathy. The test should be done atleast once
in an year.
It is expressed as albumin-creatinine ratio; nor
mal ratio being,
Males  23 mg/g of creatinine
Females  32 mg/g of creatinine
Patients showing higher values on more than one
occasion are considered to have microalbuminuria.
Confirmedbyovernighturinecollectionandcalculation
of albumin excretion rate. A value more than 20 mg/
min confirms micro-albuminuria.
Overflow Proteinuria
When small molecular weight proteins are increased
in blood, they overflow into urine. For example, hemo
globin having a molecular weight of 67,000 can pass
through normal glomeruli, and therefore, if it exists
in free form (as in hemolytic conditions), hemoglobin
can appear in urine (hemoglobinuria). Similarly,
myoglobinuria is seen following muscle crush injury.
Yet another example is the Bence-Jones pro
teinuria. In about 20% cases of multiple myeloma
(plasmacytoma), the light chains of immunoglobulins
are produced abnormally. Being of smaller molecular
weight, they are excreted in urine. These are called
Bence-Jones Proteins (monoclonal light chains
produced by plasmacytomas) (Chapter 46). When
the urine is heated, at 45°C they start precipitating,
at 60°C there is maximum precipitation, at 80°C these
proteins start redissolving, and will form a clear solu
tion at 100°C. The precipitate reforms on cooling. It
is also detected by immunoprecipitation.
Tubular Proteinuria
The tubular reabsorption mechanism is impaired,
so low molecular weight proteins appear in urine.
They are retinol binding protein (RBP) and alpha-1
microglobulin.
Urogenic Proteinuria
Table 25.10: Grading of chronic kidney disease
State Grade GFR ml/mt/1.73 m2
Minimal damage with normal GFR 1 90
Mild damage with slightly low GFR 2 60–89
Moderately low GFR 3 30–59
Severely low GFR 4 15–29
Kidney failure 5  15
Table 25.11: Kidney failure, early symptoms
Polyuria (passing more urine)
Nocturia (passing more urine during night)
Pedal edema, puffiness of face
High blood pressure
Unexplained anemia
Fatigue, lassitude and tiredness
Microalbuminuria
Mild elevation of serum creatinine
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This is due to inflammation of lower urinary tract,
when proteins are secreted into the tract.
Tests for tubular function
Specific Gravity of Urine
Normal specific gravity of urine is 1.015–1.025.
Theoretical extremes are 1.003 to 1.032. The specific
gravity will be decreased in excessive water intake,
in chronic nephritis and in diabetes insipidus. It is
increased in diabetes mellitus, in nephrosis and in
excessive perspiration. In chronic renal failure, the
specific gravity of urine is fixed at 1010. The earliest
manifestation of renal damage may be the inability to
produce concentrated urine.
The simplest test of tubular function is the
measurement of the specific gravity (SG) of urine.
This is an indication of osmolality.
Specific gravity depends on the concentration
of solutes, whereas osmolality depends on the
number of osmotically active particles. Hence, in
cases of proteinuria, the specific gravity is elevated
considerably, but osmolality is only mildly elevated.
The inability to excrete the waste products may
be counterbalanced by large urine output. Thus the
earliest manifestation of renal disease may be
difficulty in concentrating the urine.
Measurement of Osmolality
The osmolality of urine samples vary widely from
60 mosmol/kg to 1200 mosmol/kg. A random urine
sample may have an osmolality around 600 mosmls/
kg and it increases to 850 after 12 hours fluid
restriction. The normal value of plasma osmolality is
285–300 mosm/kg.
Concentration Test			
Specific gravity is measured after a 12 hr fast. If the
specific gravity is more than 1.022, the patient has
adequate renal function. In normal persons, the SG
may be as high as 1.032. As the disease progresses
the urine specific gravity is fixed at and around 1.010
(300 mosmol/kg)). It is then called isosthenuria.
The measurement of the volume of urine excreted
during the day and the night is another simple index
of tubular function. Normally, night volume is only half
of the day volume. But an increased excretion of urine
1. Prerenal conditions:
		 Dehydration: Severe vomiting, intestinal obstruction, diarrhea
		 Diabetic coma and severe burns
		 Fever and severe infections
2. Renal diseases:
		 Acute glomerulonephritis
		Nephrosis
		 Malignant hypertension
		 Chronic pyelonephritis
3. Postrenal causes:
		 Stones in the urinary tract
		 Enlarged prostate
		 Tumors of bladder
4. Medications:
		 ACE inhibitors
		Acetaminophen
		Aminoglycosides
		 Amphotericin B
		Diuretics
		NSAIDs
Box 25.5: Causes for increased blood urea
1. Diagnosis of nephrotic syndrome—Nephrotic syndrome is
a triad of edema, hypoalbuminemia and proteinuria  3 g/
day. 24 hours urine protein, creatinine clearance and sodium
should be measured for planning appropriate treatment.
2. Prognosis of progressive renal disease—It is a marker for
assessing the progressive loss of renal function in renal
disease; diabetic nephropathy, chronic glomerulonephritis,
reflux nephropathy. Treatments that reduce proteinuria (like
antihypertensive drugs) decrease rate of progression.
3. Diagnosis of early diabetic nephropathy—Early stages of
diabetic nephropathy are characeterized by increase in GFR,
microalbuminuria and hypertension.
Box 25.6: Indications for quantitation of proteinuria
Table 25.12: Summary of renal function tests
Glomerular dysfunction Tubular dysfunction
Serum urea 
↑ Urine concentration ↓
Serum creatinine 
↑ Dilution test abnormal
Inulin clearance ↓ Uric acid excretion ↓
Creatinine clearance ↓ Blood uric acid ↑
Urea clearance ↓
PAH clearance ↓ Acidification of
urine
↓
Proteinuria present Amino aciduria present
Urine volume ↓ Urine volume ↑
Specific gravity  ↑ Specific gravity ↓
Serum phosphate ↓ Serum phosphate ↓
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at night or nocturia is an early indication of tubular
dysfunction.
Dilution Tests
Bladder is emptied at 7 AM and a water load is
given (1200 mL over the next 30 minutes). Hourly
urine samples are collected for the next 4 hours
separately. Volume, specific gravity and osmolality
of each sample are measured. A normal person will
excrete almost all the water load within 4 hours and
the specific gravity of at least one sample should fall
to 1.003. The test is more sensitive and less harmful
than concentration test.
Urinary Acidification			
The most useful test is acid loading test. It
is indicated in unexplained hyperchloremic metabolic
acidosis. Give ammonium chloride at a dose of 0.1 g/
kg body weight. The ammonium chloride (NH4
Cl) is
dissociated into NH4
+
and Cl–
. In the liver the NH4
+
is
immediately converted into urea. Therefore, Cl–
ions
are counter balanced by H+
to produce HCl, a powerful
acid. It is then excreted through urine so as to produce
acidification. Urine is collected hourly, from 2 to 8 hours
after ingestion. The pH and acid excretion of each
sample is noted. At least one sample should have a
pH of 5.3 or less. In renal tubular acidosis, the pH 5.3
is not achieved. Liver disease is a contraindication to
perform this test.
A summary of renal function tests is shown in
Table 25.12.
Clinical Case Study 25.1
A 55-year-old hypertensive complaints of dry, painful
eyes and xerostomia for a few weeks. On examination,
he was afebrile, BP 140/94 mm Hg, pulse 80/min.
Facial and lower limb edema was present. Investigation
results are – Fasting blood sugar 280 mg/dL, urine
Benedict’s test red precipitate, urine proteins +++,
serum albumin 2.0 g/dL, serum cholesterol 280 mg/
dL, serum creatinine 2.0 mg/dL, blood urea 120 mg/
dL. Serum immunoglobulins were normal, tests for
hepatitis antigens were negative, culture for bacteria
and fungi revealed no growth. Serum electrophoresis
showed increased α-2 band. What is the possible
diagnosis?
Clinical Case Study 25.2
A 50-year-old patient was admitted for treatment of
sore throat and pneumonia. He had poorly controlled
diabetes mellitus and on admission blood urea was
140 mg/dL and serum creatinine was 2.8 mg/dL. He
received 2.0 L fluid, but blood urea rose to 160 mg/
dL and serum creatinine to 3.0 mg/dL. Urine output
which was initially good dropped to 500 mL over a 24
hours period. Next day, he developed shortness of
breath and lower extremity edema. Blood urea rose to
300 mg/dL and serum creatinine to 6.3 mg/dL. What
is the probable diagnosis?
Clinical Case Study 25.3
A 50-year-old man was admitted with loss of appetite,
nausea, vomiting, difficulty of breathing and fatigue.
History revealed that he had similar symptoms 5
years back and was diagnosed with hypertension
and kidney failure. On examination, temperature was
36.8°C,respiratoryratewas22/min,pulserate64/min,
BP was 170/100 mm Hg, marked pallor was present,
chestandlungsshowedbilateralbasalrales,abdomen
was soft, flat and tender. No other abnormality was
detected. Patient was an occasional alcoholic, and a
chronic smoker.
Laboratory investigations showed—Blood urea
65 mg/dL, serum creatinine 2.4 mg/dL, serum calcium
6.4 mg/dL, serum potassium 4.9 mg/dL, and serum
sodium 139 mmol/L. Urine examination results were
– Color straw colored, pH 5.0, specific gravity 1.020,
appearance turbid, volume 900 mL/24 h, albumin
3+, sugar negative, pus cells 1-3/HPF, RBC – 1-2/
HPF, and epithelial cells rare. What is the probable
diagnosis?
Clinical Case Study 25.4
A 15-year-old girl presents with bilateral leg edema,
arthralgia and purpuric spots on the lower limbs. The
laboratory analysis values were:
Hemoglobin 			 : 11.2 g/dL
Platelets				 : 180,000/cu.mm
Total Count 			 : 9600/cu.mm
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ESR 					 : 40 mm/h
Serum, creatinine : 4 mg/dL
Urine, proteins : +++
Urine, microscopy : 30-35 RBCs per field
A. What is the most probable diagnosis?
B. What further tests do you suggest?
Clinical Case Study 25.1 Answer
Proteinuria, hypoalbuminemia and
hypercholesterolemia along with acute renal failure
and edema are the classical presentation of nephrotic
syndrome (nephrosis). Patient has diabetes mellitus
and hypertension, and these may have caused
nephrotic syndrome. Confirmation of diagnosis can
be done by renal biopsy. Hypercoagulable state,
hypovitaminosis D and immunodeficiency are
associated features seen.
Causes of nephrotic syndrome are; (1)
Primary – minimal change nephropathy, focal
glomerulosclerosis, membranous nephropathy,
hereditary nephropathies, and (2) Secondary –
Diabetes mellitus, lupus erythamatosus, amyloidosis,
paraproteinemia viral infections like hepatitis B, C,
HIV, etc., pre-eclampsia, vasculitis, drugs.
Treatment is based on treating protein loss, edema,
hyperlipidemia, hypercoagulable state, associated
nutritional deficiencies and protection from infections.
Prognosis depends on cause, person’s age and type
and degree of renal damage caused at the time of
initiating treatment.
Clinical Case Study 25.2 Answer
The patient is suffering from acute renal failure (ARF),
also referred to as acute kidney injury (AKI). A brief
history of bacterial infection, rising urea and creatinine
values, oliguria, edema and failed response to
diuretics all point towards with diagnosis. Retention of
nitrogenous waste products, oliguria, electrolyte and
acid-base disturbances are clinical features of ARF.
Causes for ARF are usually classified as prerenal,
instrinsic and postrenal causes. Risk factors for
ARF include hypertension, congestive heart failure,
diabetes, multiple myeloma, chronic infection and
myeloproliferative diseases.
Laboratory investigations include blood urea
(or BUN, blood urea nitrogen), serum creatinine,
myoglobin, free hemoglobin, uric acid, serum
electrolytes (hyponatremia, hyperkalemia,
hyperphosphatemia, hypocalcemia, hyper-
magnesemia and metabolic acidosis are seen in
ARF), serological tests for antinuclear antibodies
(ANA), hepatitis, antistreptolysin–O (ASO), cross
reacting antibody produced by streptococci and
complements, urine analysis (casts, myoglobin,
hemoglobin, proteins, RBC and WBC or their casts,
eosinophils, uric acid, calcium oxalate crystals)
and urine electrolytes. Renal biopsy is indicated in
patients in whom prerenal and postrenal causes have
been ruled out and cause for instrinsic ARF is unclear.
Clinical Case Study 25.3 Answer
The patient is suffering from chronic renal failure
(CRF), also known as chronic kidney disease (CKD).
The past history of hypertension and kidney failure
goes against the diagnosis of ARF.
Decreased renal function interferes with kidneys’
ability to maintain fluid and electrolyte balance. The
ability to concentrate urine declines early and is
followed by inability to excrete phosphate, acids and
potassium.Inadvancedstages,urinecannotbediluted
and urine osmolality is “fixed”. Plasma levels of urea
and creatinine are elevated rapidly, and abnormalities
of calcium, phosphate, PTH, vitamin D, and renal
osteodystrophy are seen. Moderate acidosis is seen.
Anemia is normochromic-normocytic in nature. CKD
is rarely reversible and leads to progressive decline in
renal function.
Diagnostic tests are electrolytes, blood urea
nitrogen (BUN) or blood urea, creatinine, phosphate,
calcium, CBC and urinalysis. The definitive diagnostic
tool is renal biopsy, but is not recommended when
ultrasound indicates small, fibrotic kidneys.
Treatment includes (1) Control of underlying
diseases, (2) Restriction of dietary protein, phosphate
and potassium, (3) Vitamin D supplements, (4)
Treatment of anemia and heart failure, and (5) dialysis
for severe decrease in renal function.
Clinical Case Study 25.4 Answer
Henoch-Schonlein Purpura. See descritption in this
chapter for renal abnormalities.
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Learning Points, Chapter 25
1. The GFR of a person with 70 kg body weight is
120–125 mL per minute.
2. Acetazolamide, a carbonic anhydrase inhibitor,
will cause diuresis by decreasing reabsorption of
bicarbonate, sodium and water.
3. The glomeruli of kidney are not permeable to
substances with molecular weight more than
69,000.
4. Large quantities (upto a few grams per day) of
albumin are lost in urine in nephrosis.
5. Microalbuminuria is seen as a complication of
diabetes mellitus and hypertension.
6. Ketonuria may be detected by Rothera’s test.
7. Non-protein Nitrogen includes urea, creatinine
and uric acid. Minor components of NPN are
urobilinogen, indican, ammonia and amino acids.
8. Clearance is defined as the quantity of blood or
plasma completely cleared of a substance per
unit time and is expressed as milliliter per minute.
9. Inulin is neither absorbed nor secreted by the
tubules. Therefore, inulin clearance is a measure
of GFR.
10. Creatinine co-efficient is the urinary creatinine
expressed in mg/kg body weight. The value is
elevated in muscular dystrophy. Normal range
is 20–28 mg/kg for males and 15–21 mg/kg for
females.
11. Maximum urea clearance is found to be 75 mL/
min in normals.
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