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URINALYSIS
I. LEARNING OBJECTIVES
1. Understand the basic principles of urine collection.

2. Describe the different types of urinalysis and understand their corresponding clinical-pathological correlation:

a. Macroscopic examination

b. Chemical analysis: Use and interpretation of dipstick

i. Glucose

ii. Bilirubin

iii. Ketones

iv. Specific gravity

v. Blood

vi. pH

vii. Protein

viii. Urobilinogen

ix. Nitrite

x. Leukocyte esterase

c. Microscopic Examination

d. Cytology
3. Interpret some of the most common chemical and cytological changes in urine samples in the most common inflammatory and neoplastic diseases of the kidney and the urinary tract.
II. INTRODUCTION:  Urinalysis is a physical and/or chemical examination of the urine. It consists of a battery of chemical and microscopic tests to screen for urinary tract infections, renal disease, and diseases of other organs that result in the appearance of abnormal metabolites (break-down products) in the urine.  Urinalysis can reveal diseases that have gone unnoticed because they do not produce striking signs or symptoms. Examples include diabetes mellitus, various forms of glomerulonephritis, and chronic urinary tract infections.  In other urinary diseases with symptoms, a urinalysis can help to confirm of rule out some diseases.
III. SPECIMEN COLLECTION: A "clean-catch" urine sample is performed by collecting the sample of urine in midstream. Men or boys should wipe clean the head of the penis. Women or girls need to wash the area between the lips of the vagina with soapy water and rinse well. A small amount of urine should initially fall into the toilet bowl before it is collected (this clears the urethra of contaminants). Then, in a clean container (properly labeled with the name of the patient and date), catch about 1 to 2 ounces of urine and remove the container from the urine stream.
For an infant, thoroughly wash the area around the urethra. Open a urine collection bag (a plastic bag with an adhesive paper on one end), and place it on the genital area. For males, the entire penis can be placed in the bag and the adhesive attached to the skin. For females, the bag is placed over the labia majora. Place a diaper, check the infant frequently and remove the bag after the infant has urinated into it. The urine is then drained into a labeled container.
IV. METHODS OF URINE COLLECTION

1. Random collection taken at any time of day with no precautions regarding contamination. The sample may be dilute, isotonic, or hypertonic and may contain white cells, bacteria, and squamous epithelium as contaminants. In females, the specimen may cont contain vaginal contaminants such as trichomonads, yeast, and during menses, red cells.
2. Early morning collection of the sample before ingestion of any fluid. This is usually hypertonic and reflects the ability of the kidney to concentrate urine during dehydration which occurs overnight. If all fluid ingestion has been avoided since 6 p.m. the previous day, the specific gravity usually exceeds 1.022 in healthy individuals.

3. Clean-catch, midstream urine specimen collected after cleansing the external urethral meatus. A cotton sponge soaked with benzalkonium hydrochloride is useful and non-irritating for this purpose. A midstream urine is one in which the first half of the bladder urine is discarded and the collection vessel is introduced into the urinary stream to catch the last half. The first half of the stream serves to flush contaminating cells and microbes from the outer urethra prior to collection. This sounds easy, but it isn't (try it yourself before criticizing the patient).

4. Catherization of the bladder through the urethra for urine collection is carried out only in special circumstances, i.e., in a comatose or confused patient. This procedure risks introducing infection and traumatizing the urethra and bladder, producing iatrogenic infection or hematuria.
5. Suprapubic needle aspiration of the bladder. When done under ideal conditions, this provides the purest sampling of bladder urine. This is a good method for infants and small children.
V. TYPES OF URINALYSIS

- Macroscopic Examination
- Chemical Analysis (Urine Dipstick)
- Microscopic Examination
- Culture (not covered on this lecture))
- Cytological Examination
VI. MACROSCOPIC EXAMINATION
The first part of a urinalysis is direct visual observation. Normal, fresh urine is pale to dark yellow or amber in color and clear. Normal urine volume is 750 to 2000 ml/24hr.
Odor: 
- Ammonia-like: (Urea-splitting bacteria)
- Foul, offensive: Old specimen, pus or inflammation
- Sweet: Glucose
- Fruity: Ketones
- Maple syrup-like: (Maple Syrup Urine Disease)
Color: 
- Colorless: Diluted urine
- Deep Yellow: Concentrated Urine, Riboflavin
- Yellow-Green: Bilirubin / Biliverdin
- Red: Blood / Hemoglobin
- Brownish-red
: Acidified Blood (Actute GN)
- Brownish-black: Homogentisic acid (Melanin)
Turbidity:
- Typically cells or crystals. Crystals develop from crystallization or precipitation of salts upon standing at room temperature or in the refrigerator.
- Cellular elements and bacteria will clear by centrifugation.
- Crystals dissolved by a variety of methods.
- Microscopic examination will determine which is present.

Clearing of the specimen after addition of a small amount of acid indicates that precipitation of salts is the probable cause of turbidity.  A red or red-brown (abnormal) color could be from a food dye, eating fresh beets, a drug, or the presence of either hemoglobin or myoglobin. If the sample contained many red blood cells, it would be cloudy as well as red.
VII. CHEMICAL ANALYSIS (URINE DIPSTICK)
The state-of-the-art technology is the use of dipstick to detect biochemical substances in urine in a convenient way. Many companies are now manufacturing test strips based on the basic wet chemistry reactions of the respective biochemical substances. This microchemistry system has been available for many years and allows qualitative and semi-quantitative analysis within one minute by simple but careful observation. The color change occurring on each segment of the strip is compared to a color chart to obtain results. However, a careless examination may lead to misreading or misinterpreting the results.

Procedure:  Follow the instructions provided in the kit, insert the strip carefully and handle it by the end which is away from the reagent area.  Completely immerse the reagent area fresh urine for 1-2 seconds and remove. Gently tap the edge of the strip against the side of the urine container to remove excess urine.  After the time indicated for each analyte, hold the strip close to the color chart, match carefully and compare the test areas with the reference chart.

Results: The results are expressed as either negative or varying degrees of positive, indicating different amounts of the specific analyte present.

Storage: Protect the strips from moisture and excessive heat and light but do not refrigerate. Replace the top on the storage container immediately after removing a strip. Exposure to atmospheric air reduces the sensitivity. Darkening of the enzyme-coated area indicates loss of sensitivity. Hence discolored strips should not be used.
Glucose

Compared to Benedict’s test, the dipstick strip tests detect semi-quantitatively the amount of glucose present in urine.  These are fast and convenient ways of testing urine to determine the amount of glucose excreted in urine. Less than 0.1% of glucose normally filtered by the glomerulus appears in urine (< 130 mg/24 hr). Glycosuria (excess sugar in urine) generally means diabetes mellitus. The strip has an area impregnated with the enzymes glucose oxidase and peroxides, together with potassium iodide and a blue background dye. The oxygen liberated in the final reaction binds with the dye to produce a series of color changes 30 seconds after wetting the strip with urine. The color is then compared with the standard chart provided in the kit to report the approximate level of glucose present in the urine. As ascorbic acid is an oxygen acceptor and most likely to be present in large amounts in the urine of pregnant women, this will cause a false-negative result.  Dipsticks employing the glucose oxidase reaction for screening are specific for glucose but can miss other reducing sugars such as galactose and fructose. For this reason, most newborn and infant urines are routinely screened for reducing sugars by methods other than glucose oxidase (such as the Clinitest, a modified Benedict’s copper reduction test).
Bilirubin

It is based on the coupling of bilirubin with diazotized dichloronaniline in a strongly acid medium. The color ranges through various shades of tan. Indican (ureloxyl sulfate ) will cause a false-positive result, while ascorbate will cause a false-negative result. Increased direct bilirubin (correlates with urobilinogen and serum bilirubin).  Interference is produced by prolonged exposure of sample to light.  The test measures direct bilirubin only, it will not pick up indirect bilirubin.  Other tests that can be used are Ictotest (more sensitive tablet version of same assay) and serum test for total and direct bilirubin, which is more informative
Ketones

Ketones resulting from either diabetic ketosis or some other form of calorie deprivation (starvation) are easily detected using dipsticks containing sodium nitroprusside. It is based on Rothera’s reaction principle and on the development of colors, ranging from buff-pink for a negative reading to purple when acetoacetate reacts with nitropruside.  It also detects acetone but not beta-hydroxybutyrate. Interference can be produced by the use of expired reagents (degradation with exposure to moisture in air).  The test only measures acetoacetate but no other ketone bodies such as beta-hydroxybutyric acid (Rebound Ketosis). Other Tests more sensitive are Ketostix (more sensitive tablet version of same assay) and serum glucose measurement to confirm Diabetic ketoacidosis.

Specific Gravity

Urine specific gravity (SG) is based on the ratio of weight of urine to weight of an equivalent volume of pure water. This test is used to measure tubular function. SG measures urine density, or the ability of the kidney to concentrate or dilute the urine over that of plasma. The dipstick measures SG by measuring the change in pKa of polyelectrolytes in relation to ionic concentration. Although dipstick strips do have a method of approximating specific gravity, this measurement is best made with a refractometer. SG between 1.002 and 1.035 on a random sample should be considered normal if kidney function is normal. Since the SG of the glomerular filtrate in Bowman’s space ranges from 1.007 to 1.010, any measurement below this range indicates hydration and any measurement above it indicates relative dehydration.  If SG is not > 1.022 after a 12 hour period without food or water, renal concentrating ability is impaired and the patient either has generalized renal impairment or nephrogenic diabetes insipidus. In end-stage renal disease, SG tends to become 1.007 to 1.010.  Any urine having a SG over 1.035 is either contaminated contains very high levels of glucose, or the patient may have recently received high density radiopaque dyes intravenously for radiographic studies or low molecular weight dextran solutions. Subtract 0.004 for every 1% of glucose to determine non-glucose solute concentration.
Blood

The occult blood test will react positively in the presence of red blood cells, free hemoglobin or free myoglobin. Hemoglobin usually is bound and is too large to pass through the glomerular filter. If the renal threshold is exceeded, the hemoglobin can pass into the urine. Myoglobin on the other hand, is not bound and freely passes through the glomerular filter. Myoglobin can be detected in urine before a change in plasma color is apparent. The presence of free red blood cells results in a positive test when blood cells lyse and hemoglobin is released. Healthy individuals should have negative test results.

This test is based on a pseudoperoxidase reaction, which is more sensitive to hemoglobin and myoglobin than intact red blood cells.  A positive occult blood test indicates hematuria, hemoglobinuria, or myoglobinuria. Further evaluation of the urine sediment is needed if a positive test result is found. Most commonly, hematuria is the cause of the positive test result while myoglobinuria is rare.  Hematuria can be caused by trauma, infection, inflammation, infarction, calculi, neoplasia or a coagulopathy anywhere along the urinary tract. In cases of hematuria, the urine is red and cloudy, but will clear if centrifuged. Microscopic evaluation of the urine sediment will reveal red blood cells.

Hemoglobinuria, on the other hand, will have reddish brown urine that does not become clear after centrifugation. The microscopic evaluation of urine sediment will not reveal red blood cells. With intravascular hemolysis, plasma will have a reddish tint due to hemoglobinemia that is detectable prior to hemoglobinuria. The patient usually will be clinically anemic. A false positive test result may occur if the urine is contaminated with bleach, or contains large amounts of iodide or bromide. If a voided sample is collected from a woman during a menstrual period, a false positive test may also occur.  False negative test results may occur if the urine is not well mixed prior to evaluation. This is due to the fact that red blood cells often sediment quickly.
pH

The glomerular filtrate of blood plasma is usually acidified by renal tubules and collecting ducts from a pH of 7.4 to about 6 in the final urine. However, depending on the acid-base status, urinary pH may range from as low as 4.5 to as high as 8.0. The change to the acid side of 7.4 is accomplished in the distal convoluted tubule and the collecting duct. Acidic urine (less than 4.5) is present in metabolic acidosis and high-protein diet. Alkaline urine (greater than 8.0) is present in renal tubular acidosis (>5.5). Interference of the test is produced by bacterial overgrowth (alkaline or acidic), “run over effect” effect of protein pad on pH indicator pad.  Buffers from the protein area of the strip (pH 3.0) spill over to the pH area of the strip and make the pH of the sample appear more acidic than it really is.  Other Tests to perform are titrable acidity and blood gases to determine acid-base status.

Protein

Dipstick screening for protein is done on whole urine, but semi-quantitative tests for urine protein should be performed on the supernatant of centrifuged urine since the cells suspended in normal urine can produce a falsely high estimation of protein. Normally, only small plasma proteins filtered at the glomerulus are reabsorbed by the renal tubule. However, a small amount of filtered plasma proteins and protein secreted by the nephron (Tamm-Horsfall protein) can be found in normal urine. Normal total protein excretion does not usually exceed 150 mg/24 hours or 10 mg/100 ml in any single specimen. More than 150 mg/day is defined as proteinuria. Proteinuria > 3.5 gm/24 hours is severe and known as nephrotic syndrome.

The majority of the test strips has been developed to detect albumin and may be negative in the presence of globulins and Bence Jones Proteins. Dipsticks detect protein by production of color with an indicator dye, Bromphenol blue, which is most sensitive to albumin. Precipitation by heat is a better semiquantitative method, but overall, it is not a highly sensitive test. The sulfosalicylic acid test is a more sensitive precipitation test. It can detect albumin, globulins, and Bence-Jones protein at low concentrations.  In rough terms, trace positive results (which represent a slightly hazy appearance in urine) are equivalent to 10 mg/100 ml or about 150 mg/24 hours (the upper limit of normal). 1+ corresponds to about 200-500 mg/24 hours, a 2+ to 0.5-1.5 gm/24 hours, a 3+ to 2-5 gm/24 hours, and a 4+ represents 7 gm/24 hours or greater. A false-positive result may occur if the specimen is contaminated with vaginal or urethral secretions, when strongly alkaline urine is used, and when the urine container is contaminated with disinfectants such as chlorohexidine.  False-negative results will be observed if acid has been added to the urine as a preservative (for example for the estimation of urinary calcium).

Urobilinogen

Urobilinogen is formed by intestinal bacteria from the breakdown of conjugated bilirubin, and it is usually excreted in feces.  However a small amount may be reabsorbed and excreted in urine. This test is based on a modified Ehrlich reaction, in which p-dimethyl amino benzaldehyde in conjunction with a color enhancer reacts with urobilinogen in a strongly acid medium to produce a pink-red color. A positive test response indicates normal enterohepatic circulation of biliary pigments. High concentrations of biliary pigments may occur in hemolytic crisis, or cases of hepatic or intestinal dysfunction. A false positive test result may occur if the temperature of the reagent strip is elevated.  A false negative test result may occur if there is formalin residue in the collection container, or if the sample is old, because urobilinogen is very unstable when exposed to light and air.
Nitrite

A positive nitrite test indicates that bacteria may be present in significant numbers in urine.  Interference is produced by : bacterial overgrowth.  The test is only able to detect bacteria that reduce nitrate to nitrite. Gram negative rods such as E. coli are more likely to give a positive test.  Correlate a positive nitrite test with leukocyte esterase. Other tests to be performed are urine microscopic examination (bacteria and leukocytes) and urine culture.
Leukocyte Esterase

A positive leukocyte esterase test results from the presence of white blood cells either as whole cells or as lysed cells. Pyuria can be detected even if the urine sample contains damaged or lysed WBC’s. A negative leukocyte esterase test means that an infection is unlikely and that, without additional evidence of urinary tract infection, microscopic exam and/or urine culture need not be done to rule out significant bacteriuria. Leukocytes are measured by a reaction of the esterases in leukocytes that catalyze reaction of pyrrole amino acid ester to release 3-hydroxy-5-phenol pyrrole. False positive test results also may occur in the event of vaginal contamination. False negative test results may develop if the patient has been treated with high doses of antibiotics. Glucosuria or increased urine specific gravity may cause false negative test results.
VIII. MICROSCOPIC EXAMINATION
General Aspects
Preservation:

- Cells and casts begin to disintegrate in 1 - 3 hrs. at room temp.

- Refrigeration for up to 48 hours (little loss of cells).
Specimen concentration: Ten to twenty-fold concentration by centrifugation.
Types of microscopy:

- Phase contrast microscopy

- Polarized microscopy

- Bright field microscopy with special staining (e.g., Sternheimer-Malbin stain)

Methodology

A sample of well-mixed urine (usually 10-15 ml) is centrifuged in a test tube at relatively low speed (about 2-3,000 rpm) for 5-10 minutes until a moderately cohesive button is produced at the bottom of the tube. The supernate is decanted and a volume of 0.2 to 0.5 ml is left inside the tube. The sediment is resuspended in the remaining supernate by flicking the bottom of the tube several times. A drop of resuspended sediment is poured onto a glass slide and coverslipped.
Examination

The sediment is first examined under low power to identify most crystals, casts, squamous cells, and other large objects. The numbers of casts seen are usually reported as number of each type found per low power field (LPF). Example: 5-10 hyaline casts/L casts/LPF. Since the number of elements found in each field may vary considerably from one field to another, several fields are averaged. Next, examination is carried out at high power to identify crystals, cells, and bacteria. The various types of cells are usually described as the number of each type found per average high power field (HPF). Example: 1-5 WBC/HPF.
Abnormal Findings:

Per High Power Field (HPF) (400x):
  > 3 erythrocytes
  > 5 leukocytes
  > 2 renal tubular cells
  > 10 bacteria
Per Low Power Field (LPF) (200x):
  > 3 hyaline casts or > 1 granular cast
  > 10 squamous cells (indicative of contaminated specimen)
  Any other cast (RBCs, WBCs)
Presence of:
  Fungal hyphae or yeast, parasite, viral inclusions
  Pathological crystals (leucine, tyrosine, cystine)
  Large number of uric acid or calcium oxalate crystals

Red Blood Cells

Hematuria is the presence of abnormal numbers of red cells in urine due to: glomerular damage, tumors which erode the urinary tract anywhere along its length, kidney trauma, urinary tract stones, renal infarcts, acute tubular necrosis, upper and lower uri urinary tract infections, nephrotoxins, and physical stress.
Red cells may also contaminate the urine from the vagina in menstruating women or from trauma produced by bladder catherization. Theoretically, no red cells should be found, but some find their way into the urine even in very healthy individuals. However, if one or more red cells can be found in every high power field, and if contamination can be ruled out, the specimen is probably abnormal.
RBC's may appear normally shaped, swollen by dilute urine (in fact, only cell ghosts and free hemoglobin may remain), or crenated by concentrated urine. Both swollen, partly hemolyzed RBC's and crenated RBC's are sometimes difficult to distinguish from WBC's in the urine. In addition, red cell ghosts may simulate yeast. The presence of dysmorphic RBC's in urine suggests a glomerular disease such as a glomerulonephritis. Dysmorphic RBC's have odd shapes as a consequence of being distorted via passage through the abnormal glomerular structure. 

White Blood Cells

Pyuria refers to the presence of abnormal numbers of leukocytes that may appear with infection in either the upper or lower urinary tract or with acute glomerulonephritis. Usually, the WBC's are granulocytes. White cells from the vagina, especially in the presence of vaginal and cervical infections, or the external urethral meatus in men and women may contaminate the urine.  If two or more leukocytes per each high power field appear in non-contaminated urine, the specimen is probably abnormal. Leukocytes have lobed nuclei and granular cytoplasm. 

Epithelial Cells

Renal tubular epithelial cells, usually larger than granulocytes, contain a large round or oval nucleus and normally slough into the urine in small numbers. However, with nephrotic syndrome and in conditions leading to tubular degeneration, the number sloughed is increased.  When lipiduria occurs, these cells contain endogenous fats. When filled with numerous fat droplets, such cells are called oval fat bodies. Oval fat bodies exhibit a "Maltese cross" configuration by polarized light microscopy. 
Transitional epithelial cells from the renal pelvis, ureter, or bladder have more regular cell borders, larger nuclei, and smaller overall size than squamous epithelium. Renal tubular epithelial cells are smaller and rounder than transitional epithelium, and their nucleus occupies more of the total cell volume.  Squamous epithelial cells from the skin surface or from the outer urethra can appear in urine.  Their significance is that they represent possible contamination of the specimen with skin flora.
Casts

Urinary casts are formed only in the distal convoluted tubule (DCT) or the collecting duct (distal nephron). The proximal convoluted tubule (PCT) and loop of Henle are not locations for cast formation. Hyaline casts are composed primarily of a mucoprotein (Tamm-Horsfall protein) secreted by tubule cells. The Tamm-Horsfall protein secretion, forms hyaline casts in the distal collecting duct. Even with glomerular injury causing increased glomerular permeability to plasma proteins with resulting proteinuria, most matrix or "glue" that cements urinary casts together is Tamm-Horsfall mucoprotein, although albumin and some globulins are also incorporated.
The factors which favor protein cast formation are low flow rate, high salt concentration, and low pH, all of which favor protein denaturation and precipitation, particularly that of the Tamm-Horsfall protein. Protein casts with long, thin tails formed at the junction of Henle's loop and the distal convoluted tubule are called cylindroids. Hyaline casts can be seen even in healthy patients.
Red blood cells may stick together and form red blood cell casts. Such casts are indicative of glomerulonephritis, with leakage of RBC's from glomeruli, or severe tubular damage.  White blood cell casts are most typical for acute pyelonephritis, but they may also be present with glomerulonephritis. Their presence indicates inflammation of the kidney, because such casts will not form except in the kidney.
When cellular casts remain in the nephron for some time before they are flushed into the bladder urine, the cells may degenerate to become a coarsely granular cast, later a finely granular cast, and ultimately, a waxy cast. Granular and waxy casts are be believed to derive from renal tubular cell casts. Broad casts are believed to emanate from damaged and dilated tubules and are therefore seen in end-stage chronic renal disease.
The so-called telescoped urinary sediment is one in which red cells, white cells, oval fat bodies, and all types of casts are found in more or less equal profusion. The conditions which may lead to telescoped sediment are: 1) lupus nephritis 2) malignant hypertension 3) diabetic glomerulosclerosis, and 4) rapidly progressive glomerulonephritis.  In end-stage kidney disease of any cause, the urinary sediment often becomes very scant because few remaining nephrons produce dilute urine. 

Bacteria

Bacteria are common in urine specimens because of the abundant normal microbial flora of the vagina or external urethral meatus and because of their ability to rapidly multiply in urine standing at room temperature. Therefore, microbial organisms found in all but the most scrupulously collected urines should be interpreted in view of clinical symptoms. Diagnosis of bacteriuria in a case of suspected urinary tract infection requires culture. A colony count may also be done to see if significant numbers of bacteria are present. Generally, more than 100,000/ml of one organism reflects significant bacteriuria. Multiple organisms reflect contamination. However, the presence of any organism in catheterized or suprapubic tap specimens should be considered significant.

Yeasts
Yeast cells may be contaminants or represent a true yeast infection. They are often difficult to distinguish from red cells and amorphous crystals but are distinguished by their tendency to bud. Most often they are Candida, which may colonize bladder, urethra, or vagina.
Crystals

Common crystals seen even in healthy patients include calcium oxalate, triple phosphate crystals and amorphous phosphates. Very uncommon crystals include: cystine crystals in urine of neonates with congenital cystinuria or severe liver disease, tyrosine crystals with congenital tyrosinosis or marked liver impairment, or leucine crystals in patients with severe liver disease or with maple syrup urine disease.
Miscellaneous

General artifacts or unidentifiable objects may find their way into a specimen, particularly those that patients bring from home.  Spermatozoa can sometimes be seen. Rarely, pinworm ova may contaminate the urine. In Egypt, ova from bladder infestations with schistosomiasis may be seen.

Summary

To summarize, a properly collected clean-catch, midstream urine after cleansing of the urethral meatus is adequate for complete urinalysis. In fact, these specimens generally suffice even for urine culture. A period of dehydration may precede urine collection if testing of renal concentration is desired, but any specific gravity > 1.022 measured in a randomly collected specimen denotes adequate renal concentration so long as there are no abnormal solutes in the urine.

Another important factor is the interval of time which elapses from collection to examination in the laboratory. Changes which occur with time after collection include: 1) decreased clarity due to crystallization of solutes, 2) rising pH, 3) loss of ketone bodies, 4) loss of bilirubin, 5) dissolution of cells and casts, and 6) overgrowth of contaminating microorganisms. Generally, urinalysis may not reflect the findings of absolutely fresh urine if the sample is > 1 hour old. Therefore, get the urine to the laboratory as quickly as possible.
IX. CYTOLOGICAL EXAMINATION
Epithelial cells line the urinary tract and are normally shed into the urine. The urine is examined for the presence of abnormal cells which may indicate cancer of the kidney, ureters, bladder, or urethra. The urine sample is processed in the laboratory and examined under the microscope by a pathologist who looks for the presence of abnormal cells.
First morning urine or 24-hour urine should NOT be used. Since cells in urine have been stored in bladder over several hours, they show degenerative change and are thus not suitable for cytological examination.  Fresh voided urine after 3-4 hours should be used, and it should be sent to the laboratory as soon as possible.  The sensitivity of urine cytology to detect malignancies is very low (26%), but it shows good specificity of up to 82%.  Thus, this test is not good for screening but very helpful when symptoms are present.
Staining: 
- Papanicolau
- Wright’s
- Immunoperoxidase
- Immunofluorescence

The morphologic features of dysplastic cells are similar to those in transitional cell papillomas (papillary TCC grade I of the World Health Organization), but they occur in flat urothelium. When evaluating a bladder biopsy for urothelial dysplasia or CIS, appropriate fixation is mandatory. With formalin fixation, small variations in the pH can obscure subtle cytologic abnormalities. Nucleoli and chromatin patterns may not be apparent. Bouin's or Hollande's solution provides optimal nuclear details. At low magnification, areas of dysplasia are recognized by nuclear clustering, an essential diagnostic criterion. Dysplastic cells are larger and lack the normal cytoplasmic clearing. The nuclear-cytoplasmic ratio is increased and nuclear pleomorphism and nuclear border irregularities (eg, shallow depressions and nonprominent creases or notches) are present. The differences between CIS cells and dysplastic cells are so apparent that the differential diagnosis is rarely a problem. Pronounced nuclear notching or creasing is not observed in dysplastic cells.  The high-grade features consist of marked nuclear shape, pleomorphism, and nuclear border irregularities (eg, prominent nuclear notching and creasing with little variation in nuclear size). These features correlate with the morphology of high-grade papillary TCC (most of grade II and all of grade III TCC of the World Health Organization). The chromatin is coarsely granular, and the nucleoli are large (although not in every cell).
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