Urinalysis and
Kidney Function

FUNCTIONS OF THE KIDNEY

Elimination of excess body water

Elimination of waste products of metabolism, e.g., urea and creatinine

Elimination of foreign substances, e.g., drugs

Retention of substances essential for normal body function, e.g., proteins, amino
acids and glucose

Regulation of electrolyte balance and osmotic pressure of the body fluids.

The Nephron

This is the functional unit of the kidney. Each kidney has more than one million
nephrons.
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Renal Function Tests

Belong to two major groups

1. Those that indicate presnce of disease but no indication regarding the severity of the
disease. These include proteinuria, presence of casts in the urine, haematuria and
presence of WBCs in urine.

2. Those that indicate the severity of renal impairment.

TESTS INDICATING URINARY TRACT INVOLVEMENT
Proteinuria

The molecular weight of albumin (70,000) is very close to the cut off mark, and if the
glomerular membrane is diseased or if tubular reabsorption is inefficient, this protein
can gain access to urine. The larger globulin molecules escape less rapidly.

Proteinuria can be Classified info Three Categories

Prerenal causes

* Glomerular membrane damage and tubular reabsorption inefficiency associated
with cogestive cardiac failure

* Certain kinds of cerebral injuries

* Severe infection with high fever

* Severe anaemia

Renal causes

* Nephritis

* Toxemia of pregnancy

* Renal lesions associated with diabetes mellitus and lupus erythematosus
* Nephrosis

* Amyloidosis

* Following a strenuous exercise

Postrenal causes

e Severe inflammation of the renal tract

PRESENCE OF CASTS

Casts are precipitates of protein formed in the distal convoluted and collecting tubules of

the kidney, where conditions of filtrate flow and pH are optimal for protein precipitation.

¢ Asmall number of hyaline casts may be seen in normal persons following a streneous
exercise but a large number of casts signify an active renal disease.

* Blood casts contain a central mass of protein covered by aggregates of RBCs signifying
glomerular haemorrhage.

* Granular casts in which the protein mold is covered by pyknotic and degenerated
nuclei, signifying functional standstill of a nephron.

NATURE OF CASTS

Tamm and Horsfall discovered a urinary mucoprotein (not found in blood) in 1950.
It forms a major constituent of hyaline casts. It is normally formed by tubules and is
negatively charged. At higher pH within the tubule the positively charged proteins get
precipitated and form casts.
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HAEMATURIA AND HAEMOGLOBINURIA

A rare red blood cell in a centrifuged urine sediment is normal, but more than an
occasional RBC is considered pathological. In acute glomerulonephritis there is
haemorrhage from the glomeruli, many RBCs get ruptured in their passage and some
haemoglobin is converted into haematin and methaemoglobin. All these factors combine
to give the “smoky” red-brown colour to the urine. There may be disease elsewhere in
the urinary tract and may bleed from there. Haemoglobinuria is usually a manifestation
of haemoglobinemia subsequent to a haemolytic episode.

WHITE BLOOD CELLS

A few WBCs, 3-5 per high power field (hpf) in a centrifuged deposit of urine are
considered within normal range. In female patients a “clean catch” specimen is essential
to avoid contamination from genital tract. Presence of excessive number of WBCs
indicates inflammation in the urinary tract.

GLITTER CELLS

These are polymorphonuclear cells whose granules display Brownian movement. Large
sized glitter cells indicate a renal origin.

TESTS BASED ON WATER ELIMINATION AND REABSORPTION

About 95% of the water of glomerular filtrate is reabsorbed normally by the tubules
and part of this reabsorption (12.5%) is dependent upon the functional integrity of the
tubular lining cells. Absence of tubular absorption will lead to excretion of urine of
specific gravity 1.010 regardless of the physiological necessity for the body to conserve or
excrete water. Normally conservation of water is reflected by concentrated urine with a
high specific gravity and excretion of an excess of water (diuresis) is illustrated by urine
of low specific gravity. Presenting the body with reduced water intake, followed by an
excess of water, tests the physiological response of the tubular epithelium. Generally
concentrating ability is the first to show deficiency, whereas, in the later stages of the
disease, dilution is impaired. In advanced renal disease, urine of fixed specific gravity
(isothenuria), i.e., 1.010 is exreted. The inability of the kidney to regulate water excretion
competently also gives rise to an increase in urine secretion at night (nocturia) and is a
fairly early symptom is renal dysfunction.

IMPAIRED CONCENTRATING POWER

* In renal disease, especially those leading to tubular damage, e.g. chronic
glomerulonephritis, nephrosis, and polycystic disease.

¢ Temporarily, often in the recovery phase from acute renal shutdown (lower nephron
nephrosis).

¢ In severe potassium depletion

* In hypercalcemia, e.g., due to vitamin D intoxication, hyperparathyroidism, some
cases of sarcoidosis, and diffuse osseous metastases with demineralisation.

¢ In certain inborn defects of tubular function.

¢ In organic diabetes insipidus

¢ In functional diabetes insipidus caused by compulsive water drinking.
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BLOOD UREA OR BLOOD UREA NITROGEN

Urea is the major excretion product of protein catabolism. It is formed in the liver from
carbon dioxide and ammonia. Once formed, urea is passed to the blood and is excreted
through the glomeruli.

Causes of Raised Blood Urea/BUN
Prerenal

Conditions in which circulation through the kidney is less efficient than usual—surgical
shock, Addison’s disease, congestive cardiac failure, and haemorrhage.

Renal

Renal parenchymal disease, especially glomerular damage.

Postrenal

Obstruction to the urinary tract, such as prostatic hypertrophy.
The term used to describe an increased blood level of urea is azotemia; the term
uremia is correctly applied to the clinical condition of renal failure with azotemia.
Always remember BUN x 2.14 = Blood urea units.

CREATININE

Creatine is exclusively found in muscles (98%). It is excreted as an anhydride—
creatinine. In adult males, only creatinine appears in urine while in pregnant/lactating
women and children creatine may be passed in urine. Creatine is excreted in the urine
of adult men in muscle wasting disease only. Since creatinine is derived entirely from
endogenous metabolism and is not reabsorbed by the renal tubules, its blood level is a
reliable index of the renal function.

BUN/Creatinine Ratio

The ratio of plasma BUN/Creatinine in a normal person is approximately 10 : 1. In
most cases of uncomplicated chronic renal failure, the ratio of 10 : 1 is maintained.
In certain situations it is altered.
e BUN/Creatinine ratio more than 10 : 1:
— Excessive turnover of protein (e.g., haemorrhage, burns and infections).
— Reduced glomerular perfusion (prerenal uremia).
* BUN/Creatinine ratio less than 10 : 1 occurs in chronic renal failure, complicated by
the following;:
— Repeated dialysis
— Severe vomitting or diarrhoea
— Liver failure.

DYE EXCRETION TESTS

Several dyes (e.g., phenolsulfonphthalein—PSP) are excreted by the kidneys and the
quantitative excretion has been used as a measure of renal function.
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CLEARANCE TESTS

The concept of plasma clearance was developed to assign a quantitative measure to the
efficiency of the kidney in removing waste substances from the plasma.

If the plasma being filtered through the glomeruli contains 100 mg/dl of a substance,
and if one minute’s production of urine contains 100 mg of the substance, then it
follows that in one minute 1 dl of plasma has been purged of its total content of the
waste substance. If the amount of the waste substance in the plasma is X mg per dl, the
concentration thereof in the urine is U mg per dL (100 U mg/dl), and the rate of urine
output is 1 ml per minute, the clearance is given by the expression:

100 U

X

The creatinine clearance rate is often used as a measure of the glomerular filtration
rate. However, owing to secretion of creatinine into the glomerular transudate by the
renal tubules, it is an imrecise index. The infusion of inulin (to estimate inulin clearance)
or the use of various radioisotope methods (such as labelled vitamin B,)) is necessary
to obtain an accurate estimate of the glomerular filtration rate.

URINE

Composition of Normal Urine

Values given below are for a 70 kg adult with a protein intake of 1.0 gm per kg per day.
The diversity in normal values is partly due to dietary influences and differences in
methodologies.

Substance/specimen Test values
Addis Count Casts (Hyaline) : 0-4300 12 hours
Leucocytes : Up to 2.25 million 12 hours
Red cells : Up to 425,000 12 hours
Albumin 10-100 mg 24 hours
Amino Acids Free : 50-200 mg 24 hours
Total : 150-600 mg 24 hours
Ammonium 10-105 mEq 24 hours
Bicarbonate Nil 24 hours
Calcium 50-400 mg or 2.5-20 mEq 24 hours
Chloride as NaCl 5-20 gm (85-340 mEq) 24 hours
Average 10 gm (170 mEq) 24 hours
Creatinine Male : 20-28 mg/kg (average 24) 24 hours
Female : 15-21 mg/kg (average 18) 24 hours
Creatine Male : 0-50 mg 24 hours
Female : 0-150 mg 24 hours
Children 5.4-13.7 mg/kg/day 24 hours
Nitrogen Total : 7-20 gm (average 10) 24 hours
Urea N : 5-15 (average 7.5) 24 hours
pH 4.7-7.7 (average 6.0) fresh random

Contd...
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Contd...
Substance/specimen Test values
Phosphates 0.5-2.2 gm (average 1.0) 24 hours
Potassium 25-100 mEq 24 hours
Protein 10-100 mg 24 hours
Sodium 80-290 mEq 24 hours
Solids Total 50-75 gm 24 hours
Specific gravity 1.008-1.025 (average 1.018) random
1.012-1.025 24 hours
500-800 mOsm/kg 24 hours
Sulphates Inorganic 0.25-1.25 gm 24 hours
Total 0.36-1.44 gm 24 hours
Titrable acidity 150-400 ml of 0.1 N acid (average 300 ml) 24 hours
Urea 10-35 gm (average 15 gm) 24 hours
Uric Acid 0.3-0.7 gm 24 hours
Urobilinogen 0.2-4.0 mg
(average 1.0 mg) 24 hours
Volume Normal range 1200-2000 ml 24 hours
Extreme range 600-3600 ml 24 hours
Average 1400 ml 24 hours

ROUTINE URINALYSIS
Collection of Urine Specimens

Urine should be voided into a washed, dried, and if possible, sterilised containers. In
the male, the glans and the meatal orifice should be wiped with cotton moistened with
warm water. The patient is given two containers, labelled 1 and 2; into the first bottle
he passes a small amount of urine—this will contain secretions and debris from the
urethra and prostate and may be discarded unless disease of these parts is suspected.
He then voids the remainder and major portion of the specimen into the second bottle.
The female patient is asked to separate the labia with the fingers of one hand and, using
moist cotton, to wipe the urethral orifice from front to back. She then voids a small
amount of urine into the first of the two containers and the remainder into the second
receptacle. Alternately the initial part of the urinary stream can be discarded and the
middle “ clean catch “ sample can be given for testing.

For routine urinalysis, first morning samples are preferred, since these are usually
the most concentrated. Casts tend to dissolve and are generally less numerous in dilute
urine. If the specimen cannot be examined immediately, it should be placed in the
refrigerator at 0 to 4° C.

Various Preservatives that can be Employed

Toluol: 2 ml toluol /100 ml of urine
Thymol: A small floating lump of thymol
Formalin: 1 drop/30 ml of urine

Boric acid: 0.3 gm /120 ml of urine.
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PHYSICAL EXAMINATION OF URINE
Colour

Normal urine is clear and pale yellow (straw) in colour.

Colour Possible cause

Straw to amber Normal urochrome

Orange Concentrated urine

Deep yellow Riboflavin

Bright orange “ Pyridium “ and amidopyrine drugs generally

Orange-brown Urobilin

Greenish-orange Bilirubin

Smokey Red blod cells

Wine red or reddish brown Haemoglobin pigments or uroporphyrins

Brown to black on standing Melanin or homogentisic acid

Almost colourless Dilute urine

Reddish orange in alkaline solution Rhubarb or Senna

Dirty green on standing Excess indican

Red in alkaline solution Phenolphthalein

Green or blue Methylene blue

Greenish yellow fluorescence Flavones in some vitamin preparations
Reaction

A 24-hour urine is normally acidic, pH about 6.0.
Individual random samples will vary between pH 5.0 and 7.5.

Acidic Urine

It is found in ketosis, systemic acidosis and acidification therapy.

Alkaline Urine

It is encountered in postprandial, alkaline tide (shortly after meals), vegetarianism,
systemic alkalosis, urinary tract infections, alkalinisation therapy, stale specimens, and
renal tubular acidosis.

Method

Urine pH is judged usually by litmus paper or other pH indicator papers (broad range/
narrow range—to be more precise). Another way is to add 2 drops of 0.4% alcoholic
solution of methyl red to 5 ml of urine—if red colour appears; pH = acidic, if orange;
pH = neutral, if yellow; pH = alkaline.

Dipsticks are more in vogue, they are easy to use and provide quick and accurate
information.

Odour

It is of importance in fresh samples only. Urine smells because of volatile fatty acids.
Bacterial contamination causes ammoniacal odour, while fruity odour is encountered
in ketosis.
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Specific Gravity

Specific gravity of urine depends upon the concentration of solutes in the urine.

High Specific Gravity

It is found in concentrated specimens that may occur during excessive sweating,
glycosuria, acute nephritis, albuminuria, all causes of oliguria.

Low Specific Gravity (<1.010)

Itis observed in excessive water intake, chronic nephritis, diabetes insipidus, all causes
of polyuria except diabetes mellitus.

Low and Fixed Specific Gravity (1.010-1.012)

It is encountered in chronic nephritis (end stage kidney), ADH deficiency and
arteriosclerotic kidney.

Methods

One can use urinometer (volume required is approximately 70 to 80 cc), refractometer,
or by using dipsticks. Osmometry gives the most accurate assessment. While using
urinometer add or subtract 0.001 for each for 3° C above or below standardisation of
the instrument.

Volume

Normal range is 1200-2000 ml in 24 hours.

Extreme range can be from 600-3600 ml in 24 hours while the average is 1400 ml.
Excretion of volume more than 2000 ml is termed as polyuria, while oliguria is excretion
of less than 500 ml of urine in 24 hours by an adult subject. Nocturia is excretion
by an adult of more than 500 ml of urine of specific gravity less than 1.018 during the
night.

Polyuria

Causes are neurotic polydipsia, diabetes mellitus/insipidus, diuretics, intravenous
infusions, chronic renal failure and Addison’s disease.

Oliguria

Causes include dehydration (vomiting, diarrhoea or sweating), renal ischaemia, acute
renal tubular necrosis, acute glomerulonephritis, obstruction to urinary outflow.

Turbidity

Normal urine when voided should be clear. Pathologic urines are often turbid or cloudy
(sometimes normal urines may be cloudy). Cloudy urine may appear from precipitation
of crystals due to rapid cooling of the urine. Occasionally urine turbidity may result
from urinary tract infections. Abnormal urines may be cloudy on account of red blood
cells, pus cells and bacteria.
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CHEMICAL EXAMINATION
Tests for Presence of Proteins in the Urine

Normal value = Negative (2-8 mg/dl).
Filter or centrifuge a turbid sample.
Protein and bile can cause frothing of the sample.

Methods

Qualitative/Semi-quantitative tests
Heat and acetic acid test

e Fill 2/3rd of a test tube with urine

* Boil upper portion of urine for two minutes (lower portion is not heated, it serves
as a control)
Turbidity at this stage can arise because of phosphates, carbonates or protein.

* Add a few drops of 10% acetic acid

¢ Persistence of or development of turbidity implies proteinuria

¢ False positive tests may occur with X-ray contrast media and tolbutamide derivatives

* Sensitivity of the test is 5-10 mg%

Interpretation
Interpretation Turbidity degree
Negative ( -) No cloudiness
+/- Barely visible cloudiness
+ No granularity/flocculation but definite cloudiness
++ Granular cloudiness but no flocculation seen from top, cloud is dense but
not opaque. Protein content = 0.1%
0.1%
+++ Dense opaque cloud, flocculated. About 0.2 to 0.3% protein.
++++ Very thick precipitation, almost a solid. Protein more than 0.5%

Sulfosalicylic Acid Test

Layer gently onto about 3 ml of urine in a test tube an equal quantity of 10% w/v
sulfosalicylic acid in 50% methanol. If proteins are present, a cloudy precipitate will
appear at the junction of the two fluids.

Dipstick/Paper Strip Method

Paper strips impregnated by bronophenol blue and salicylate buffer dipped are in
urine. Presence of protein is indicated by a change of colour from light yellow to blue.
Intensity of blue colour formation depends upon concentration of protein in the sample.

Heller’s Nitric Acid Test

Approximately 3 ml of concentrated nitric acid is taken in a test tube. Urine is slowly
run with help of a pipette alongside of inclined tube and reading is taken a minute later.
A positive test is indicated by appearance of a sharply defined white ring of varying
density at the junction of the two fluids. In trace albuminuria, the ring appears after a
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few minutes. Excess of uric acid, urea, thymol and resinous drugs in urine may produce
a white crystalline precipitate which disappears on dilution and if it appears due to
resinous drugs; it dissolves in alcohol.

Robert’s Test

Robert’s reagent is a mixture of 5 parts of saturated solution of magnesium sulphate
and one part of concentrated nitric acid. Test is performed and interpretation is identical
to Heller’s test.

QUANTITATIVE TESTS
Turbidometric and Chemical Procedures

Kits are commercially available. These provide an accurate estimation. Colorimetric
readings are taken against blanks and calculations done accordingly give the result.

Esbach’s Quantitative Method

Esbach’s reagent is prepared by dissolving 5 gm of picric acid and 10 gm of citric acid
in 500 ml of water, or the reagent may be prepared by diluting 100 ml of trichloroacetic
acid with 900 ml of water.

Acidify the urine if required.

Cover the bottom of the Esbach’s tube with pumice, fill urine till the U mark and add
Esbach’s or Tsuchiya’s reagent till the R mark. Stopper the tube and invert it several
times slowly. Set the tube vertically and read after 30 minutes. (If pumice has not been
used read after 24 hours). The tube is graduated to read in percent or in grams of protein
per liter at the top of the sediment.

Urine may be diluted for obtaining greater accuracy. After diluting, the Esbach tube
reading may be multiplied by the dilution factor.

Tests for Bence-Jones Proteins (BJ Proteins)

Classically seen in multiple myeloma.

Heat and Sulfosalicylic Acid Test

As for albumin. The precipitate formed will contain both B] proteins and albumin. Mix
the specimen of urine with the precipitate and divide equally in two test tubes. Place
both in water bath and heat to boiling. Remove one from the bath, cool to below 40° C
and compare the turbidity in the two tubes in good light against a dark background.
Cool the other hot tube and heat the cold one and compare again. If the cold tube both
the times shows persistently a more densely turbid flocculum of protein, B] protein is
most likely present.

If albumin is also present, add 10% acetic acid to a fresh urine sample (pH to be less
than 6.0) and bring to boil, keep shaking and break the floc, the BJ protein goes into
solution. Filter off albumin while it is still hot. B] protein will come in the filtrate. Repeat
the sulfosalicylic acid test as described earlier.

Toluenesulfonic Acid Test

Add 1 ml of TsA reagent to 2 ml of urine, let the reagent flow slowly by the side of the
test tube. Mix. A precipitate appearing within 5 minutes indicates BJ protein. A negative
test excludes. Sensitivity >500 mg%.
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Electrophoresis

Electrophoresis of concentrated urine will show the dense gamma globulin bands.

CAUSES OF BJ PROTEINURIA

1. Classically seen in plasmacytoma or multiple myeloma.
Sometimes it can also be associated with

. Chronic leukemia

Cancer metastases to bone

Hypertension

. Osteomalacia

. Osteosarcoma

o Ul A W N

Causes of Proteinuria

It can be classified into renal and non-renal causes

Non-Renal Causes of Proteinuria

* Abdominal tumours
e Convulsive disorders
* Cardiac disease (congestive heart failure )
* Emotional or thermal stress
* High fever due to any reason
* Hyperthyroidism
¢ Intestinal obstruction
e Severe anaemia and leukaemia
* Trauma (severe)/or following strenuous exrecise
¢ Toxemia
* Poisonings due to:
— certain drugs
— lead
— mercury
— opiates
— phosphorus
— phenol
— sulfosalicylic acid
— turpentine

Renal Causes of Proteinuria

Can be mild, moderate or severe.

Mild Proteinuria (<0.5 gm/24 hours)

* Postural proteinuria; young adults may pass protein while ambulatory but not
while lying

* Hypertensive nephropathy

* Renal tubular dysfunction (genetic or drug induced)
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* Polycystic kidneys
* Lower urinary tract infections
* Haemoglobinuria with severe haemolysis

Moderate Proteinuria (0.5-3.0 gm/24 hours)

* Moderate chronic glomerulonephritis
* Congestive cardiac failure

¢ Diabetic nephropathy (mild)

* Pyelonephritis

* Multiple myeloma

* Pre-eclampsia (in pregnancy)

Severe Proteinuria (>3 gm/24 Hours)

* Severe chronic glomerulonephritis

* Acute glomerulonephritis

¢ Lipoid nephrosis

¢ Severe diabetic nephropathy

* Renal amyloidosis } Nephrotic syndrome.
* Lupus nephritis

TESTS FOR PRESENCE OF GLUCOSE IN URINE (GLYCOSURIA)

Normal value for a random sample is negative, while for a 24 hours sample it should
not be more than 100 mg/24 hours.

Benedict’s Qualitative (Semi-quantitative) Test

Principle of the test: Reduction of cupric ion to cuprous oxide evidenced by change in
colour.

To a test tube add 5 ml of Benedict’s qualitative reagent, add 8 drops of urine
(equivalent to 0.5 ml). Heat to boiling and set in a boiling water bath for 5 minutes or
else boil it over flame for 2 minutes.

Interpret as given below:

Blue to cloudy green colour Negative, absent
Yellow - green +, (< 0.5% glucose)
Greenish - yellow ++ (0.5-1% glucose)
Yellow +++ (1-2% glucose)
Orange to brick red ++++ (over 2% glucose)

(Sensitivity of this test is 50 mg% or more).

Benedict’s Quantitative Glucose Test

To 25 ml of qualitative Benedict’s reagent in a 250 ml container, add a small quantity
of powdered pumice, 10 gm of anhydrous sodium carbonate. Heat this mixture. While
the mixture is boiling, add urine rapidly from a buret until the blue colour begins to
fade, then add urine drop by drop until all blue colour is gone and only a gray colour
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remains. At this stage, all cupric ions originally present in the solution are reduced.
The amount of urine used contassins. 5 gm of glucose. To calculate grams of glucose
per 100 ml of urine consumed.

Dipstick Tests

These are commercially available and are specific to glucose. Glucose oxidase reacts
with glucose to yield gluconic acid and hydrogen peroxide. Hydrogen peroxide and
orthotolidine yield a blue colour, the intensity this colour is proportionate to the amount
of glucose present in the urine sample.

While dipsticks are specific to glucose or may interact with hydrogen peroxide or
hypochlorite in the container But Benedict’s reagent gives positive results with galactose,
lactose, fructose, maltose, pentose, ascorbic acid, homogentisic acid, many antibiotics
(especially anti-tubercular drugs), levodopa, phenothiazines, salicylates and X-ray
contrast media.

CAUSES OF GLYCOSURIA
Glycosuria with Hyperglycaemia

e Endocrine disorders
Acromegaly
Cushing’s syndrome
Hyperthyroidism
Pheochromocytoma
e Pancreatic disease
— Advanced cystic fibrosis
Haemochromatosis
— Severe chronic pancreatitis
— Carcinoma
* CNS dysfunction
— Asphyxia
— Tumours or haemorrhage
— Especially of hypothalamus
e Severe metabolic disturbances
Severe burns
Uremia
Advanced liver disease
Sepsis
— Cardiogenic shock
* Drug induced
— Corticosteroids and ACTH
— Thiazides
— Oral contraceptives

Glycosuria without Hyperglycemia

Renal tubular dysfunction
Pregnancy (do not confuse with gestational diabetes)
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Non-Glucose Sugars in Urine

Galactose : Inneonates, galactoses pills into urine only if milk is being taken. Early
detection may prevent irreversible hepatic and CNS damage.

Fructose : Essential fructosuria

Pentose  : Excess fruit intake

KETONE BODIES IN URINE
Normally they are not found in urine.

There are three types of ketone bodies that can be tested in urine.
1. Most common : B hydroxybutyric acid (78%)
2. Sometimes : Acetoacetic acid (20%)
3. Rarely . Acetone (2%)
Presence of ketone bodies in urine implies incomplete fat metabolism and the
consequent acidosis.
Hydroxybutyric acid -2H = Acetoacetic acid
Acetoacetic acid -CO, =Acetone

Tests for Detection of Ketone Bodies in Urine (Methods)
Rothera’s Test

Saturate 5 ml of urine with ammonium sulphate, add a few crystals of sodium
nitroprusside and shake. From the side of the test tube add liquor ammonia. Formation
of a purple ring at the junction indicates a positive test.

Legal’s Test

To 10 ml of urine add a few crystals of sodium nitroprusside. Acidify with glacial acetic
acid, invert to mix. Overlay with strong liquor ammonia, let stand for 5 minutes. Aviolet
ring indicates a positive test.

Dipstick/Tablet Methods

These contain sodium nitroprusside, amino-acetic acid and disodium phosphate.
A positive test is indicated by development of a purple colour.

Causes of Ketonuria

Diabetic Causes

Ketonuria implies ketoacidosis which may lead to coma. Whenever glycosuria is more
than ++, always test for ketone bodies too.

Non-Diabetic Causes

¢ Toxic states with vomiting and/or diarrhoea.

* Hyperpyrexia

* Hyperemesis gravidarum

* Cachexia associated with vomiting

* Conditions with limited glucose availability, e.g. glycogen storage disease
* Sometimes following exposure to cold or strenuous exercise.
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BILE PIGMENTS

Normally bile pigments do not exceed 0.02 mg% in urine. Ensure that urine sample is
fresh.

Testing Bile Pigments in Urine—Methods
Foam Test

It is a very rough test. Shake 5 ml of urine in a test tube, presence of bile will produce
a yellowish foam that persists.

lodine Ring Test

This is a sensitive as well as a reliable test. Layer a solution of 10% alcoholic iodine
on urine in a test tube. Appearance of a green ring indicates presence of bile in the
sample.

Harrison's Test

It is quite sensitive. To 5 ml of urine add an equal volume of 10% barium chloride
solution. Shake. Filter it off. When the filter papre dries, add 1-2 drops of Fouchet’s
reagent to the dried precipitate. Development of green colour indicates bilirubinuria
(all other colours are to be disregarded).

Causes of Hyperbilirubinuria

1. Moderate to severe hepatocellular damage.
2. Obstruction of bile ducts (extrahepatic or intrahepatic).

UROBILINOGEN AND UROBILIN

Freshly passed urobilinogen is colourless but on standing it turns brown because of
oxidation of urobilinogen to urobilin. Therefore, urobilinogen tests should be conducted
immediately after passing the sample. If delay is expected, collect the sample in a dark
bottle, provide a surface layer of petroleum ether and add sodium carbonate (5 gm for
24 hours volume) and refrigerate the sample.

Methods
Ehrlich’s Test for Urobilinogen

To 10 ml of fresh urine sample at room temperature add 1 ml of Ehrlich’s reagent,
invert several times and let stand for 5 minutes. A pink colour is normal but a cherry
red or darker red colour indicates abnormal amounts of urobilinogen. Dilutions may
be used. Colour reactions are normal in dilutions up to 1 : 20. The test does not detect
urobilinogen amounts less than 1.3 mg%.

Schlesinger’s Test for Urobilin

Convert urobilinogen to urobilin by adding a few drops Lugol’s solution. Mix 10 ml of
urine with an equal quanitity of saturated alcoholic solution of zinc acetate and filter
into a dry test tube. Abnormal amounts of urobilin give the filtrate a green fluorescence
which is best seen against a dark background.
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Dipstick Tests

Dipsticks are commercially available to test for urobilinogen in urine.

Causes of Increased Urinary Urobilinogen

Occurs in any condition
* That causes an increase in the production of bilirubin, and

e That prevents the liver from normally removing the reabsorbed urobilinogen from
the portal circulation.

A. Increased urobilinogen is found whenever there is excessive destruction of RBCs as in:
* Haemolytic anaemia

¢ Pernicious anaemia

* Malaria

B. Higher values are also observed in:

* Hepatitis—infective or toxic

* Pulomnary infarction

* Biliary cirrhosis

* Cholangitis

¢ Chemical injury to liver due to chloroform and carbon tetrachloride poisoning
¢ Cirrhosis

* Congestive cardiac failure

¢ Infectious mononucleosis

C. An increased urobilinogen level is one of the earliest signs of acute liver cell damage.

Causes of Decreased Urinary Urobilinogen

This situation arises when normal amounts of bilirubin are not excreted into the

intestinal tract. It usually indicates partial or complete obstruction of the bile ducts

e Cholelithiasis

* Severe inflammatory disease

* Cancer of head of pancreas

* During antibiotic therapy the normal gut flora is suppressed, this may prevent
breakdown of bilirubin to urobilinogen, leading to its absence in urine

* Decreased urinary urobilinogen is also encountered severe diarrhoea and renal
insufficiency.

PORPHYRINS

Normal values are:
Porphobilinogens : 2 mg/24 hours or negative

Porphyrins : 50-300 mg/24 hours
DLA or ALA : 1-710 mg/24 hours
Fluorescent : Negative.

Method

Conduct Ehrlich’s test for urobilinogen by mixing equal volumes of urine and Ehrlich’s
reagent. Add 2 parts of saturated sodium acetate solution and mix. If turbid, filter.
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Shake with a small quanitity of chloroform. Urobilinogen is solouble in chloroform;
porphobilinogen is not. If after several extractions with chloroform the aqueous phase
is still pink, the test is positive for porphobilinogen.

The laboratory may get a random or a 24 hours sample. Porphobilinogens must
always be done while checking for porphyrins. In a single freshly voided specimen
perform porphobilinogen test only. Protect the specimen from light. It is best to obtain
a random sample between 10:00 and 14:00 hours.

Causes

Any condition that causes increased levels of any of the haeme precursors is termed
as porphyria. The two rare major categories of genetically determined porphyria and
erythropoietic porphyrias, in which the major diagnostic abnormalities occur in red
cell chemistry, and hepatic porphyrias, in which haeme precursors are found in urine
or faeces. In acquired disorders, precursors accumulate more in urine and faeces than
in red cells.

Porphyria

¢ In porphyrias, urine contains increased amounts of porphrins and porphobilinogens
and may not contain increased amounts of DLA or ALA (porphyrins are formed from
delta aminolevulinic acid or alpha levulininc acid).

* ALA and DLA excretion is elevated in acute intermittent porphyria, a hepatic
porphyria that is aggravated by alcohol, barbiturates and other drugs affecting liver.

Lead Poisoning

* ALA or DLA will be present in the urine.
¢ Porphrins may or amy not be present in the urine.

Other causes of increased levels of porphyrins

e Cirrhosis

¢ Infectious hepatitis

* Hodgkin’s disease

* Some malignancies

e CNS disorders

* Heavy metal poisoning

 Carbon tetra-chloride or benzene poisoning.

HAEMATURIA (BLOOD IN URINE)

Haematuria can be gross (visible with naked eye) or microscopic.

Methods
Guaiac Test

To 5 ml of urine add 5 ml of ether and 2 ml of 10% of acetic acid. In a second tube plce
5 ml of 95% alcohol, 2 ml of fresh hydrogen peroxide with a pinch of powdered guaiac.
Next pour the guaiac solution slowly down the side of the first tube. Blood in the urine
causes the appearance of blue colour at the junction of the guaiac and ether.
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Benzidine Test

Saturate 2 ml of glacial acetic acid with benzidine and pour off the clear supernatant
fluid. Add 1 ml of fresh hydrogen peroxide and 2 ml of urine. Development of blue
colour indicates presence of RBCs.

Dipsticks

Blood reacts with the peroxide-orthotolidine reagent to produce a blue colour.

Causes

* Bleeding disorders
* Local disorders of kidney and genitourinary tract.
— Trauma/accident
Inflammation of bladder (cystitis)
— Kidney stones
— Tumours of genitourinary tract
— Inherited diseases
o Haemoglobinopathies
o Osler-Weber-Rendu disease
o Polycystic kidney
¢ Diffuse kidney lesions
— Acute and chronic glomerulonephritis
— Systemic lupus erythematosus
— Polyarteritis nodosa
— Goodpasture’s syndrome
— Tubercular pyelonephritis
— Allergic nephropathies (Henoch-Schoenlein’s purpura)
— Thrombotic thrombocytopenic purpura (TTP)
— Focal embolic glomerulitis
— Malignant hypertension
— Chemical/drug induced
o Carbon tetra chloride
o Sulfonamides
o Dicuomarol.

NITRITE/BACTERIA

Normal values: Negative for bacteria.

Bacteria can be assessed microscopically, culturally, or by using dipstcicks. First
morning sample is ideal for this test. The nitrite area in the strip turns pink and if this
occurs within 30 seconds it implies that the amount of nitrite present has been produced
by at least one lakh bacteria per ml.

By microscopy alone a finding of 20 or more bacteria indicates urinary tract infection.
Final conclusion can only be derived by using culture techniques.

CALCIUM IN URINE

Normal values: 24-hour levels
100-250 mg/24 hours on average diet
<150 mg/24 hours on low calcium diet
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Sulkowitch Test

Fasting or random test may be used. Prior to the test the patient should be on low
neutral calcium diet for 3 days. It is ideal to collect 24 hours sample. Mix equal parts of
urine and Sulkowitch reagent, let stand for 2-3 minutes and report as mentioned below

0 = No precipitate, no urine calcium; serum calcium level about 5-7.5 mg%.
+ = Fine white cloud, normal urine and blood calcium level

++ and +++ = Thicker, coarser precipitate, raised urinary calcium

4+ = Precipitate like milk, strongly positive

Causes of Raised Urinary Calcium

* Hyperparathyroidism (resuls in +++ or ++++ values)
* Sarcoidosis

* Primary cancers of breast and lung

* Metastatic malignancies

* Myeloma with bone metastases

* Wilson’s disease

* Renal tubular acidosis

* Glucocorticoid excess.

Causes of Diminished Urinary Calcium Excretion
* Hypoparathyroidism

* Vitamin D deficiency

* Malabsorption syndrome.

SEROTONIN
Normal values : Qualitative : Negative
Quantitative : 2-10 mg/24 hours or
60-100 mEq/24 hours
Method

Acidify 2 ml of filtered urine with 2 drops of 10% HCl and extract twice with 20-25 ml of
ether. Evaporate the dry residue in 1 ml of 0.1 N HCIL. Add 1 ml of Ehrlich’s reagent. Boil
for 2-3 minutes. A distinct blue colour indicates the presence of 5 - HIAA in abnormal
amounts (5 HIAA or 5 hydroxy indole acetic acid is a metabolite of serotonin). For
screening purposes a random sample is sufficient.

A 24-hour urine sample is collected. No bananas, pineapple, tomatos, eggplants, or
avocados to be consumed during the test period.

Levels in excess of 100 mg per 24 hours are indicative of a large carcinoid tumour
especially when metastatic. Milder levels between 10 and 100 mg per 24 hours may be
seen in haemorrhage, thrombosis, non-tropical sprue, severe pain of sciatica or skeletal
or smooth muscle spasm.

HEREDITARY METABOLIC DISORDERS
Errors of Carbohydrate Metabolism

Fructosuria : Positive Benedict’s test. Negative glucose oxidase test. Positive
resorcinol hydrochloric acid test (Seliwanoff)
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Pentosuria : Positive Benedict’s qualitative test. Negative glucose oxidase test.
Positive orcinyl hydrochloric acid test.

Galactosuria : Positive test for reducing substance (Benedict’s qualitative), negative
glucose oxidase test. Positive phlorogucinol test.

Errors of Amino Acid Metabolism

Cystinuria : Positive cyanide-nitroprusside test. Cystine crystals in urine.

Fanconi syndrome : Positive glucose oxidase test. Paper chromatography.

Wilson's disease . Positive glucose oxidase test. Paper chromatography for amino
acids

Phenylketonuria : Perric chloride test

Hartnup disease :  Paper chromatography

Alkaptonuria :  Positive Benedict’s test. Urine darkens on standing.

Negative glucose oxidase test. Urine reduces silver on sensitised
plate. These tests assess presence of homogentisic acid.
Tyrosinosis :  Paper chromatography. Positive Millon test
Maple syrup disease : Maple syrup odour in urine. Paper chromatography.

Errors of Porphyrin Metabolism

Acute porphyria : Urine darkens on exposure to sunlight. Positive porphobilinogen
test. Spectroscopic and fluorimetric identification.
Cutaneous porphyria : Red urine. Spectroscopic and fluorimetric test.

FERRIC CHLORIDE TEST

Fair number of amino acids react with ferric chloride to give distinctive colours. This
is just a screening test for aminoacidurias, it also assesses many abnormal metabolites
and drug excretion products.

Substance Colour change

Amino acids

Alpha ketobutyric acid Purple fading to red brown
Homogentisic acid Rapidly fading blue or green
p-Hydroxyphenylpyruvic acid (tyrosinosis) Rapidly fading green
Valine, leucine, and isoleucine (maple syrup disease) Blue

Phenyl pyruvic acid (phenylketonuria) Stable green or blue-green
Other metabolites

Acetoacetic acid Red or red-brown

Melanin Gray, changing to black
Indican (Hartnup disease, intestinal stasis, malabsorption) Violet or blue

Drugs

Aspirin Stable red-wine colour
Phenothiazines Immediate purple pink
p-Aminosalicylic acid Red-brown

Phenol derivatives Violet
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CYSTINE

Normal values: Qualitative : Negative
Quantitative : Children under 8 years
2-13 mg/24 hours
Individuals above 8 years
7-28 mg/24 hours

Method

To 5 ml of urine add 2 ml of 5% sodium cyanide solution and let them react for
10 minutes. Add 5 drops of 5% sodium nitroprusside solution and mix thoroughly.
Cystine pruces a magenta colour. If no cystine is present a pale brown or pale pink
colour results. All solutions should be freshly prepared. Also examine the urinary
sediment for cystine crystals. Urinary cystine is raised in cystinurias. The chemical test
of significance in differentiating cystinuria from cystinosis. Cystinuria is a hereditary
disorder characterised by bladder calculi. In cystinosis, cystine gets deposited in the
lung parenchyma.

Causes

Values are increased in cystinuria (up to 20 times normal) in which there is excessive
urinary secretion of lysine, ornithine, arginine, and cystine.
Cystinosis (no excess of lysine, arginine or ornithine).

FAT IN URINE (LIPIDURIA)

Take equal parts of urine and ether; cloudiness due to fat disappears, decant ether onto
a watch glass, evaporate; fat leaves a greasy deposit. Fat may be seen microscopically
also as refractile globules.

URIC ACID

Normal values Normal diet 0.4-1.0 gm/24 hours
Purine-free diet 0.5 gm/24 hours
High purine diet 2.0 gm/24 hours.

Uric acid crystals may be examined in the urinary sediment or the biochemical test
employed for serum uric acid estimation may be employed after necessary dilution of
the urine. Uric acid formation occurs as a result of the metabolic breakdown of nucleic
acids, purines are the main source of this breakdown.

Increased urinary uric acid levels are found in:

* Gout

¢ Chronic myeloid leukemia

e Liver disease

¢ Febrile illness

* Toxemias of pregnancy

* Fanconi syndrome

* Cytotoxix drugs used to treat malignancies often cause raised urinary uric acid levels

* High uric acid concentration plus low urine pH may lead to uric acid stone formation
in the urinary tract.
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Decreased levels may be found in:
¢ Kidney disease (chronic glomerulonephritis) because the hampered renal function

reduces uric acid secretion.
VANILLYLMANDELIC ACID (VMA)

Catecholamines or 3-methoxy-4-hydroxymandelic acid
Normal values of VMA up to 9-24 mg/24 hours

Catechloamines
Epinephrine : 100-230 ug/24 hours
Norepinephrine : 100-230 ug/24 hours
Metanephrine : 2496 ug/24 hours

Normetanephrine : 12-288 ug/24 hours
Method

Catechloamines are adsorbed from untreated urine onto a column of Amberlite IRC
50, eluted and condensed in alkaline solution with ethylenediamine and the resulting
fluorescence read. Samples should be collected in hydrochloric acid and refrigerated.

Causes

Elevated VMA levels occur in:

* Phaeochromocytomas (very high levels)

* Neuroblastomas

* Ganglioneuromas } Mild to moderate increase
* Ganglioblastomas

Elevated chatecholamine levels are seen in:
* Pheochromocytomas
e Neuroblastomas
* Ganglioneuromas
* Ganglioneuroblastomas
* Progressive muscular dystrophy
* Myasthenia gravis
Alarge number of drugs, foodstuffs can increase VMA levels and likewise fair number
of drugs can cause false decreased levels of VMA too.

17-KETOSTEROIDS (17 KS), 17-KETOGENIC STEROIDS (17 KGS),
17 HYDROXY CORTICOSTEROIDS (17 OHCS)

Normal values

17 ketostroids
Men 8-18 mg/24 hours
Women 5-15 mg/24 hours
17 ketogenic steroids
Men 5.5-23 mg/24 hours
Women 3.0-15 mg/24 hours

17 hydroxy corticosteroids 10 mg/24 hours
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The aforementioned substances are urinary steroids and their estimation is indicated
in investigation of endocrine disturbances of the adrenals and testes.

Method

17 KS: Colorimetric assay—urine is subjected to acid hydrolysis and the steroids are
extracted with ethylene dichloride. A solvent aliquot is evaporated to dryness under a
nitrogen stream and the resulting residue is reacted with m-dinitrobenzene (Zimmerman
reaction), which in the presence of alkali gives a red colour with compounds containing
an active methylene group. This colour obtained has an absorption maximum at 520 u.

17 OHCS: Porta Silber reaction—the glucuronide conjugates of urinary corticosteroids
are hydrolysed with B glucoronidase. The “freed” steroids and free steroids (i.e., tetra
and dihydroderivatives) normally present in the urine are extracted in methylene
chloride. This extract is washed with a dilute aqueous alkali remove a considerable
amount of blank material which consists of estrogens bile acids, and other interfering
substances.

A portion of methylene chloride is shaken with a phenylhydrazine hydrochloride—
sulfuric acid—ethanol reagent. For correction of the residual blank material, another
portion of the extract is shaken with just the ethanol sulfuric acid reagent. The upper
layer of methylene chloride is removed, and the lower phase after colour development
is measyred spectrophotometrically at 410 um. No need to add preservative for 24-hour
urine collection for 17-OHCS, but stop all medicine intake at least two to three days
before performing the test.

Causes of Altered 17 KS, 17 KGS and 17 OHCS Urinary Values

* 17 KGS and 17 KS excretion is decreased in Addison’s disease, hypopituitarism,
Simmond’s disease and cretinism.

¢ 17 KGS excretion is increased in precocious puberty on account of adrenal hyper-
plasia, surgery, excessive burns and infection.

* Increased 17 OHCS and 17 KGS usually imply hyperplasia of the adrenal cortex,
tumour, cancer, or some variation of the adrenogenital syndrome.

¢ Steroid levels are also enhanced in (Cushing’s syndrome, eclampsia, acute pancreatitis,
and ACTH therapy. If the beta alpha ratio is >0.4, it is indicative of adrenal carcinoma.
Unless the 17 KS are increased, the beta: alpha ratio is not likely to be abnormal.

CHLORIDES

Normal values

110-250 mEq/24 hours

10-20 gm NaCl/24 hours

Vary widely with intake amount and perspiration. The test findings have meaning
only in relation to salt intake and output.
Method

Can be measured colorimetrically after appropriate dilution.

Causes of Altered Values

Results are meaningful only when considered in relation to other data such as state of
health/illness, salt intake and urine volume.



40 Textbook of Clinical Pathology for MLT Students

* Normal findings: Urinary excretion of chloride decreases to a very low level whenever

the serum level is much below 100 mEq/ litre.

e Aletered levels are observed in:

— In some conditions, urinary excretion of chloride increases even when the serum
level is as low as 85 mEq/litre or less. Occurs in Addison’s disease when there
is a deficiency of adrenal hormones that controls the excretion of sodium and
chloride.

— Decreased levels are also encountered in:

o Congestive heart failure

Diaphoresis

Diarrhoea

Emphysema

Malabsorption syndrome

Prolonged gastric suction
o Pyloric obstruction

Increased levels are found in:

— Dehydration

— Mercurial and chlorothiazide diuretics

— Salicylate toxicity

— Starvation

[ Y S A

SODIUM

Normal values

130-200 mEq/24 hours.
The test is indicated in the study of renal and adrenal disturbances and of water and

acid-base imbalances.

Alterted values are observed in:

Results have significance only when considered in relation to other data, such as a state
of health/illness, salt intake, and urine volume.

Increased levels caused by:

— Adrenal cortical insufficiency

— Chronic renal failure

— Dehydration

— Diabetic acidosis

— Mercurial and chlorothiazide diuretics
— Salicylate toxicity

— Starvation

Decreased levels of sodium associated with:
— Acute renal failure

— Aldosteronism

— Congestive heart failure

— Cushing’s disease

— Diaphoresis

— Diarrhoea

— Malabsorption syndrome

— Pulmonary emphysema

— Pyloric obstruction
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* Decreased levels
Often accompanied by an equivalent loss of chloride.

POTASSIUM

Normal values

40-80 mEq/24 hour

This investigation is required to assess electrolyte balance of the body by measuring
the amount of potassium excreted in 24 hours. This measurement is useful in the study
of renal and adrenal disorders and of water and acid—base imbalances.

Altered values are observed in:
* Increased levels
— Chronic renal failure
— Cushing’s disease
— Dehydration
— Diabetic and renal tubular acidosis
— Mercurial chlorthiazide, ammonium chloride, and diamox diuretics
— Primary aldosteronism
— Salicylate toxicity
— Starvation
* Decreased levels
— Acute renal failure
Adrenal cortical insufficiency (in some cases)
Diarrhoea
— Excessive mineralocorticoid activity (aldosterone)
In patients with potassium deficiency, regardless of the cause
— Malabsorption syndrome
e Cautionary finding
— In excessive vomiting or stomach suctioning, the accompanying alkalosis main-
tains urinary potassium excretion at levels inappropriately high for the degree of
actual potassium depletion
— In diabetes insipidus, urinary potassium is normal

MICROSCOPIC EXAMINATION OF URINE

It is ideal to use a clean, fresh morning specimen. Obtain urinary sediment by
centrifuging urine at 3000 rpm for 5 minutes. Decant off the clear supernatant fluid,
place a drop of the sediment on a glass slide and cover it with a coverslip. Examine
first under low power, then under high power, vary the light intensity for seeing casts.
If protein is present, look for casts, RBCs, pus cells and epithelial cells.

Usually stained sediment is not required. However, should a difficulty arise or the
examiner is inexperienced, staining can be done with Sternheimer and Malbin stain.

A drop of methylene blue solution can be added to the sediment and would help
in identifying-cellular structure and bacteria. A crystal violet saffranine stain is used
to identify cellular elements; a peroxidase stain will differentiate renal tubular cells
that are peroxidase negative and neutrophils (pus cells) that are peroxidase positive.
In most cases qualitative or semiquantitative examination of the urine is enough. For
following the progress of active renal disease Addis” count may be used. Cell counts
can be expressed as occasional, 1+, 2+, 3+ or full field. Count in at least 10 high power
fields for cells and express the average as the number of cells per high power field.
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Red Blood Cells

Under high power they appear as pale discs.
If the specimen is stale, because of dissolution
of haemoglobin, these cells will appear
as ghost cells. These red cells may show
crenated margins.

RBCs may be confused with oil droplets
or yeast cells. Oil droplets are variable in
size and are refractile. Yeast cells usually
show budding. Alkaline haematin stains dark
purple in alkaline urine. Slipping a drop of
N/10 hydrochloric acid will lyse RBCs but
would not destroy yeast cells, this is a rapid
and simpler way of differentiation.

Pus cells (Neutrophils)

Unstained pus cells appear as round granular
12 pm spheres, larger than RBC. One amy
confuse these with urothelial cells—let a drop
of glacial acetic acid flow under the coverslip—
the segmented nucleus of a leucocyte becomes
clearly discernible.

Epithelial Cells

These cells have a single, rounded nucleus. Glitter cells are larger neutrophils, their
cytoplasmic granules may show Brownian movement.

Renal tubular epithelial cells: Unstained cells are almost the same size as that of a
neutrophil but contain a large round nucleus. When these cells contain fat globules in
their cytoplasms they are termed as oval fat bodies.

Bladder epithelial cells: Unstained cells are larger than renal tubular cells, have a round
nucleus and vary in size depending on depth of origin from the transitional epithelium.
Superficial cells are large and flat with small nucleus.

Squamous epithelial cells: Unstained, these are large, flattened cells with abundant
cytoplasm and a small round nucleus. The cell may be folded or rolled.
Casts

These are cylindrical, diameter varies according to the size of the renal tubule or duct
of their origin. The ends are usually rounded but may be flat irregular or tapered.

Hyaline casts :  These are colourless, homogeneous, transparent.

Finely granular casts :  Contain fine granules in all or in part of the cast.

Coarse granular casts ~ : Contain fat, degenerated cell or protein aggregates which
appear as dark granules.

Fatty casts : Contain highly refractile globules of varying size. Fat
droplets will stain bright orange with Sudan III.

Red cell casts : Yellow under LP objective. If many cells are present in each

cast, the matrix will not be visible.
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Blood casts : Contain haemoglobin from degenerated red blood
cells. These are yellow to orange in colour, best seen with
LP objective.

Leucocyte casts :  Contain small granular cells in a clear matrix. the leucocytes

may be admixed with red cells or epithelial cells. Clumps
of leucocytes may sometimes look like casts.

Tubular epithelial casts : Resemble leucocyte or mixed cell casts. They often appear
as two rows of cells in a narrow cast.
Waxy casts :  These are yellow and homogeneous; have sharper outlines

than hyaline casts with irregular ends and cracks.
Often mucous threads and rolled, cigar shaped squamous epithelial cells are confused
with casts. Mucous threads are long, ribbon like strands with poorly defined edges and
have pointed or split ends. Often they appear to have longitudinal striations.

S

Hyaline to fine granular

Coarsely granular,

Finely granu
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Fat

Free globules are seen in grape-like
clusters. They vary in size more than the
yeast cells or red cells.

IMPORTANT URINARY MICROSCOPIC
CONSTITUENTS

Red Cells and Red Cell Casts

Normal values of RBCs

* 1-2/LPF (low powered field)

e 0-1/HPF (high powered field)

¢ Red cell casts nil (zero)/LPF
In a normal healthy person, red cells are only occasionally found in the urine, but

persistent finding needs to be investigated thoroughly. Examine sediment under low

and high power. RBCs are studied under high power.

Causes
Red cell casts
* Casts composed largely of RBCs are rarely found normally and indicate haemorrhage
or desquamative conditions of the nephron.
* Red blood cell casts imply acute inflammatory or vascular disorder in the glomerulus.
¢ They may be the only manifestation of:
— Acute glomerulonephritis
— Collagen disease
— Kidney involvement in sub-acute bacterial endocarditis
— Renal infarction
¢ The usual finding in SLE is RBC casts and epithelial cell casts.

Red blood cells

The finding of more than one to two RBCs per high powered field is an abnormal
condition that can indicate.

* Renal or systemic disease

* Trauma to kidney

Increased red cells are found in:

e Cystitis

Haemophilia

Malignancies of urinary tract
Prostatitis

Pyelonephritis

Renal stones

SLE

* Tuberculosis of urinary tract

Red cells in excess of WBCs imply bleeding into the urinary tract as may occur in:
* Anticoagulant therapy
* Aspirin consumption
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* Thrombocytopenia.
* Trauma
¢ Tumours

White Cells and White Cell Casts

Normal values
WBCs : 0-5/high power field
WBC casts : none (zero)/LPF
WBCs may come from anywhere in the genitourinary field. While white cell casts
always come from the renal tubules.

Causes

Leucocytes

e Alarge numbers of WBCs indicate urinary tract infection, usually of bacterial origin.

¢ Ifinfection is in the kidney, WBCs may be associated with cellular and granular casts,
bacteria, epithelial cells and relatively few red cells.

¢ Usually presence of abnormal numbers of WBCs in urine necessitates urine culture.

WBC casts

* White cell casts indicate renal parenchymal infection

* May be found in:
— Acute glomerulonepritis
— Interstitial inflammation of the kidney.
— Pyelonephritis most common cause

¢ Itis quite difficult to differentiate between WBC and epithelial cell casts

* As pyelonephritis may remain completely asymptomatic even though renal tissue
is being progressively destroyed, careful examination (using low power) of urinary
sediment for leucocyte casts is mandatory. Vaginal discharge can contaminate the
sample. Either a “clean catch” (mid stream sample) or a catheterised specimen should
be taken to rule out contamination.

Epithelial Cells and Epithelial Cell Casts

Normal values

Occasional renal epithelial cell may be found in healthy subjects.

Renal epithelial cell casts are formed by cast-off tubular cells. Since tubular cells
are being constantly replaced, it is of little importance, therefore, to find an occasional
epithelial cells or clumps.

Causes

Alarge numbers of epithelial cells are abnormal.
These may be seen in:
* Amyloidosis
* Nephrosis
* Poisoning from heavy metals and toxins.
Squamous epithelial cells (squames) are usually seen when urine is contaminated
with vaginal discharge.
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Hyaline Casts

Normal value

Occasional hyaline cast/LPF may be found.

These are clear, colourless casts and are formed when protein (Tamm-Horsfall) within
the tubules precipitates and gels. Their appearance in the urine depends on the rate of
urine flow, urine pH, and the degree of proteinuria. Examine under low power.

Causes

* Hyaline casts imply possible damage to the glomerular capillary membrane, which
is permitting leakage of proteins through the glomerular filter.

* Hyaline casts may be temporarily seen in:

Emotional fatigue

- Fever

Palpation of kidney

Postural strain
— Strenuous exercise

* When large numbers of hyaline casts appear in the urine along with heavy proteinuria,
fine granular casts, fatty casts, or oval fat bodies or fat droplets, nephrotic syndrome
should be considered.

* Casts may not be found even if proteinuria is heavy because of dilute urine or because
pH is alkaline.

¢ In cylindruria, large numbers of casts are seen but there may not be any protein in
the urine.

Granular Casts

Normal value

Occasional granular cast may be seen.

Granular casts result from the disintegration of the cellular material of WBCs and
epithelial cells into coarse and fine particles.

Causes

Acute tubular necrosis
Advanced glomerulonephritis
Chronic lead poisoning
Malignant nephrosclerosis
Pyelonephritis

Waxy Cysts

Never seen in healthy subjects. Seen in terminal diseases of kidney.
* Chronic renal disease

¢ Tubular inflammation and degeneration

Oval Fat Bodies and Fatty Casts

Never seen in the urines of healthy subjects. In nephrotic syndrome, fat accumulates in
the tubular cells and eventually sloughs off, forming oval fat bodies. This fat is probably
a cholesterol ester. Fatty casts are usually composed of individual droplets. The presence
of fat droplets, oval fat bodies, or fatty casts is the hallmark of the nephrotic syndrome.
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Causes

Fatty casts are found in chronic renal disease and indicate tubular inflammation and
degeneration.

CRYSTALS
Crystals that are seen in Normal Acid Urine

* Amorphous urates: Yellow-red granules.

¢ Uricacid: Yellow or red-brown irregular but usually whetstone crystals or rhomboids.
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Crystals that are seen in Normal Alkaline Urine

* Ammonium biurate: Yellow brown spheres “thorn apple”.
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¢ Calcium phosphate: Stellate prisms.

Crystals Observed in Abnormal Urine

* Cystine: Colourless, refractile, hexagonal plate.

49
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* Leucine: Yellow, oily appearing spheres with radial and concentric striations.

* Sulfonamide crystals (sulfadiazine): Yellow-brown asymmetrical, striated sheaves
and round forms with radial striations
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* Cholesterol appears as flat notched plates in acid urine, calcium oxalate and calcium
hydrogen phosphate crystals are found in neutral urine. Uric acid and urates
redissolve on warming at 60° C. Ampicillin is occasionally seen as masses of long,
tiny colourless crystals in acidic urine when given parenterally.

BACTERIA, FUNGUS AND PARASITES
Bacteria

Bacteria may or may not (contaminated, overgrown) be important. A dry film may
be made by spreading a drop or two of the urine sediment on a glass slide, fixed and
stained with Gram’s stain. If bacteria are identified in an uncentrifuged specimen under
an oil immersion lens, it suggests that more than 100,000 organisms/ml are present,
i.e., significant bacteriuria.

Acid fast bacilli may be seen but urine should always be cultured as smegma also
contains some acid fast bacilli.

FungifYeast

Yeast cells may be seen in UTI (e.g., in diabetes mellitus) but yeasts are also common
contaminants (may come from vagina or may have grown in the container itself).
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Parasites and Parasitic Ova

May be seen as fecal or vaginal contaminants. In Schistosoma haematobium, typical ova
may be seen in urine accompanied by red blood cells from urinary bladder. Trichomonas
vaginalis may come from vagina when urethral or bladder infection is suspected, the
protozoa should be searched for immediately in a wet preparation.

(Trichomonas spp)

Spermatozoa are generally present in the urine of men after nocturnal emissions.
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Casts in Urine
Hyaline Casts

* Chronic renal failure.

* Congestive heart failure.

¢ Diabetic nephropathy.

* Glomerulonephritis and pyelonephritis.
* Normal people after strenuous exercise.

Red Cell Casts

* Acute glomerulonephritis.
Goodpasture’s syndrome.

* Lupus nephritis.

Renal infarction.

Subacute bacterial endocarditis.

White Cell Casts

* Acute pyelonephritis
¢ Interstitial nephritis
* Lupus nephritis

Epithelial Cell Casts

* Cytomegalovirus infection.

¢ Toxicity from heavy metals, salicylates.
* Transplant rejection.

* Tubular necrosis.

Granular Casts

* Glomerulonephritis.
* Lead toxicity.
Nephrotic syndrome
Pyelonephritis.
 Transplant rejection.

Waxy Casts

* Renal failure.
* Severe tubular atrophy.
 Transplant rejection.
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