PART II TEACHING GUIDE
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PRINCIPLES OF URINALYSIS

(     MIN)

ATTENTION:

MOTIVATION:

OVERVIEW:

1a.  Identify renal anatomy and explain the physiology of urine formation and composition of   urine.

  (1)  Gross and microscopic anatomy

  (2)  Physiology of urine formation

  (3)  Composition of urine

1b.  Identify and explain the various types and procedures for urine collection.

  (1)  Types of specimens

  (2)  Urine decomposition

  (3)  Preservatives

1c.  Explain the significance of the various physical properties of urine

  (1)  Volume

  (2)  Color

  (3)   Appearance

  (4)  pH

  (5)  Specific gravity

PRINCIPLES OF URINALYSIS

BODY(     MIN)

PRESENTATION:

1a.  Identify renal anatomy and explain the physiology of urine formation and composition of   urine.

  (1)  Gross and microscopic anatomy

    (a)  Kidney:  Located in the abdominal cavity near the spinal 

           column

      1  Are composed of three major parts

        a  Capsule:  outermost portion or lining

        b  Cortex:  contains the nephron units

        c  Medulla:  contains the collecting tubules which collect the 

           urine formed in the nephron unit and conducts it to the renal 

           pelvis and ureters

        d  Renal pelvis:  cavity in the kidney in which urine 

            accumulates before entering the ureters

    (b)  Ureter:  Tubules that connect the kidney with the bladder for 

          urine transport

    (c)  Bladder:  Muscular organ which serves as a reservoir for 

          urine

    (d)  Urethra:  Tubule that connects the bladder to the outside of 

          the body

    (e)  Microscopic structures

      1  Nephron unit:  it is the functional unit of the kidney that 

         filters blood and forms urine, composed of:

         a  Glomerular tuft:  a bundle of approximately 50 capillary   

             loops, which serve as a semi-permeable membrane 

             allowing certain substances to be filtered from the blood 

             stream

        b  Bowman’s capsule: a double walled sac which surrounds t

            the glomerular tuft and through which filtration will occur

        c  Proximal convoluted tubule (PCT):  the first portion of 

            kidney tubule that branches from the capsule and reabsorbs 

            water, glucose, and  amino acids 

        d  Loop of Henle:  area where the PCT turns on itself and 

            begins forming the DCT

        e  Distal convoluted tubule (DCT):  the final portion of renal 

            tubule in which changes in the filtrate take place; absorbs 

            water, secretes K and hydrogen ions

          1  Afferent arteriole:  brings blood from the renal artery to 

              the glomerular tuft

          2  Efferent arteriole:  carries blood away from glomerular 

              tuft and surrounds the proximal convoluted tubule

          3  Collection tubules: carries urine formed by nephrons to 

              the renal pelvis

  (2)  Physiology of urine formation

    (a)  Filtration:  Removing a substance by the use of a filter, in 

          the nephrons the capillaries of the glomerular tuft act as the 

          filter

      1  Filtration occurs as a result of opposing blood pressure 

         existing between the glomerulus and the interior of 

         Bowman’s capsule

      2  Only substances of relatively small molecular size pass 

          through the glomerular wall

    (b)  Reabsorption:  some substances, such as glucose, are filtered from the blood because of their small molecular size

      1  These substances must be reabsorbed back into the blood 

          stream

      2  Reabsorption occurs across the cell membrane of the renal 

          tubules  into the efferent arteriole by passive and active 

          transport mechanisms

    (c)  Secretion:  the transport of substances across a cell 

          membrane

      1  Like reabsorption, secretion occurs across the membrane of 

          the renal tubules and the efferent arteriole, but the opposite 

         direction

      2   Secretion is controlled by active transport mechanism

  (3)  Composition of urine

    (a)  Organic and Inorganic substances dissolved in water

      1  Influenced by diet

      2  Intake of fluids

      3  Physical activity

      4  Body metabolism

    (b)  Major organic substances include

      1  Urea

      2  Creatinine

    (c)  Major inorganic substances include

      1  Sodium

      2  Potassium

      3  Chloride

1b.  Identify and explain the various types and procedures for urine 

       collection.

  (1)  Types of specimens

    (a)  Random specimen

      1   Most common

      2  Should have 10-15 mls 

      3  Specimen should be collected in a clean container

    (b)  First morning 

      1  Collected immediately upon rising

      2  Represents a concentrated specimen

    (c)  Clean catch

      1  Usually collected for suspected UTI

      2  Container must be sterile

      3  Patient washes external genitalia with a mild antiseptic 

          solution and water

      4  Initial urine flow is discarded and then 3-100 mls of urine is 

          collected and the remainder is discarded

    (d)  Mid- stream 

      1  Usually used for macroscopic examination

      2  Sterile container not required

      3  Collected same way as a clean catch except the washing 

          steps

    (e)  Catheterized specimen

      1  Catheter inserted through urethra to bladder

      2  Used for sterile specimen for microbiology or when there is 

          a difficulty collecting a specimen

      3  Some complications; can cause infection, perforation of 

          urethra or bladder

    (f)  24 hour urine

      1  All urine voided in a 24 hour period is collected and a 

          aliquoted for quantative analysis

      2  Collection:  the first morning specimen is discarded then all 

          urine passed for the next 24 hours is collected which 

          includes the next morning specimen

    (g)  Others

      1  Suprapubic specimen

      2  Pediatric specimen

  (2)  Urine decomposition

    (a)  Urine must be analyzed as soon as possible

    (b)  Following changes may occur in urine

      1  Urine is ideal media for bacterial growth

        a  Bacteria will deteriorate the urine specimen

        b  Urea will be broken down to ammonia

        c  Any glucose if present, will be used up as a food source

      2  Formed elements will deteriorate

      3  pH will increase due to the breakdown of urea to ammonia 

          by  urease-producing bacteria

  (3)  Preservatives

    (a)  Physical methods

      1  Refrigeration-  If urinalysis cannot be performed within two 

          hours, specimen should be refrigerated

    (b)  Chemical methods

      1  Usually used with 24 hour specimens

      2  Type of preservative depends on substance to be tested and  

          method  used

      3  Preservative should not interfere with substance

    (c)  Examples include:

      1  Formalin:  used to preserve formed elements

      2  Phenol:  prevents bacterial growth

      3  Acids and Bases

        a  Alter the urine pH to inhibit bacterial growth and stabilize 

            substances such as amino acids hormones, steroids, 

            porphyrins, and bile pigments

        b  Examples include HCl, Boric acid, sodium hydroxide and 

          acetic acid

1c.  Explain the significance of the various physical properties of urine, and its importance as  a diagnostic tool in representing a comprehensive picture of the functional state of the kidney and metabolic state of the body

  (1)  Volume

    (a)  Normal urine volume

      1  Normal range for 24 hour period 600- 2000 mls

      2  Urine output is suppressed at night

      3  Factors that influence urine volume

        a  Fluid intake

        b  Fluid loss

        c  Diuretic agents

    (b)  Significance of abnormal volumes

      1  Terms associated with varying volume

        a  Polyuria:  Increased  24 hr volume, usually above 2000 

            ml/24 hr

        b  Oliguria:  decreased 24 hr volume, usually less than 500 

            ml/24 hr

        c  Diuresis:  any increase in urine volume

        d  Anuria:  complete suppression

  (2)  Color
    (a)  Normal colors and generally used descriptions

      1  Urine color can vary based on the health of the patient, 

          normally urine is some shade of yellow

        a  Normal urine colors include

          1  Straw ( light yellow)

          2  Bright Yellow

          3  Amber ( light red-brown)

    (b)  Significance of color variations

      1  Color is not diagnostic but may be helpful

        a  Abnormal urine colors

          1  Yellow- brown:  Bilirubin oxidized to biliverdin

          2  Pink to red: dyes, hemoglobin, RBC’s

          3  Blue-green:  Pseudomonas, certain drugs

          4  Brown-black  RBC’s oxidized to methhemoglobin, 

              homogenistic acid, myoglobin and melanin

          5  White:  Puss, fat

  (3)  Appearance
    (a)  Generally used terms

      1  Clear:  normal, can see through

      2  Hazy:  normal, can see through with difficulty

    (b)   Significance of cloudy urine

      1  Cloudy urine:  can only see light through

      2  Opaque urine:  (white color)  can’t see through

      3  Cloudy urine may be due to:

        a  Presence of normal or abnormal crystals

        b  Fat globules

        c  Formed elements such as WBC’s, casts, cells, and bacteria

  (4)  pH
    (a)  Normal pH values and physiology affecting pH

      1  Normal value on a fresh random urine is  4.6-8.0

      2  Urine pH is a reflection of the kidneys ability to maintain 

          normal  hydrogen ion concentration in plasma and 

         extracellular fluid

      3  Urine pH is affected through reabsorption

    (b)  Chemical basis of pH measurement

      1  pH paper a standard test on the urine dipstick

      2  Dipstick utilizes a double indicator system of methyl red and 

          bromothymol blue

        a  Methyl red is active in the pH range of 4.4 to 6.2 producing 

            a color change from red to yellow

        b  Bromothymol blue turns from yellow to blue in the pH 

            range of 6.0 to 7.6

    (c)  Reasons for pH changes in urine specimens

      1  Contributors to urine pH changes

        a  Diet:  High protein, acid

        b  Urinary tract infections 

        c  Medications

    (d)  Significance of urine pH values

      1  Used to determine the presence of systemic acid- base 

          disorders

      2  Used to identify urine crystals

  (5)  Specific Gravity
    (a)  Normal specific gravity

      1  Random urine: 1.003-1.035

      2  24 hour:  1.015-1.025

    (b)  Methods of specific gravity measurement

      1  Urinometer

      2  T/S meter

      3  Refractive Index

        a  There is a direct relationship between the concentration of 

           dissolved solids in a solution and the REFRACTIVE 

            INDEX of  the comparison of the velocity of light in air 

           with the velocity  light in solution

        b  Refractive index is used with the refractometer

          1  The refractometer measures the refractive index of a 

            solution

          2  The refractometer is calibrated against distilled water to 

            1.000

          3  Only a few drops of urine is needed

      4  Chemical test strips ( N-Multistix -SG)

        a  The N-Multistix test indirectly measures specific gravity by 

            using a color indicator/ polymer matrix

        b  This indicator/matrix responds to the number of ionic 

             constituents in the urine

        c  As the specific gravity of the urine increases, the dipstick 

           changes from a blue color in a low specific gravity through 

           shades of green to yellow color, in urine with a high specific 

           gravity

    (c)  Significance of specific gravity values

      1  High specific gravity

        a  Dehydration

        b  High concentration of dissolved substances in the urine, 

            such as glucose and protein

      2  Low specific gravity

        a  High fluid intake

        b  Kidney disease

APPLICATION:


EVALUATION:

CONCLUSION(5 MIN)

SUMMARY:

1a.  Identify renal anatomy and explain the physiology of urine formation and composition of   urine.

  (1)  Gross and microscopic anatomy

  (2)  Physiology of urine formation

  (3)  Composition of urine

1b.  Identify and explain the various types and procedures for urine collection.

  (1)  Types of specimens

  (2)  Urine decomposition

  (3)  Preservatives

1c.  Explain the significance of the various physical properties of urine

  (1)  Volume

  (2)  Color

  (3)   Appearance

  (4)  pH

  (5)  Specific gravity

REMOTIVATION:

ASSIGNMENT:

PART II TEACHING GUIDE
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TESTS FOR CHEMICAL CONSTITUENTS IN URINE

(     MIN)

ATTENTION:

MOTIVATION:

OVERVIEW:

2a.  Explain the principles, significance, methods, expected values, and sources of error for the   following routine chemical tests.

  (1)  Protein

  (2)  Ketones

  (3)  Bile pigments and bilirubin

  (4)  Glucose

  (5)  Other reducing agents

  (6)  Hemoglobin and blood

  (7)  Nitrite
2b.  Explain the principles, significance, methods, expected values and sources of error for other   qualitative and semi-quantitative tests.

  (1)  Phenylketonuria

  (2)  Porphorins

  (3)  Porphobilinogen

  (4)  Urobilinogen

  (5)  Melanogen

  (6)  Bence-Jones Protein

  (7)  Homogenistic acid

TESTS FOR CHEMICAL CONSTITUANTS IN URINE

BODY(     MIN)

PRESENTATION:

2a.  Explain the principles, significance, methods, expected values, and sources of error for the   following routine chemical tests.

  (1)  Protein
    (a)  Principle - Protein-error-of- pH-indicators - at a constant pH, 

          the development of any green color is due to the presence of 

          protein

    (b)   Significance - 

      1  Benign causes (transient)

        a  Exposure to cold

        b   Strenuous exercise

        c  High fever

        d  dehydration

        e  Postural

      2  Pathological causes

        a  Glomerular membrane damage

        b  Tubular reabsorption disorders

    (c)  Expected value - although small amounts of protein 

          (Tamms-Horsfall) may be         present in urine, results 

          should be negative due to sensitivity of methods

    (d)  Sources of error - minimal

      1  Highly alkaline urine - override buffer in reaction pad

      2  Allowing pad to be in contact with urine for prolonged 

          periods

      3  chromogens that mask color reaction-test by alternate 

          methods

  (2)  Ketones
    (a)  Principle - acetoacetic acid in an alkaline medium in the 

          presence of glycine will react with sodium nitroprusside to 

          produce a purple color

    (b)  Significance

      1  Diabetic acidosis

      2  Insulin dosage monitoring

      3  Starvation (gluconeogenesis)

    (c)  Expected value - Negative

    (d)  Sources of error - minimal

      1  Large amounts of levodopa cause false positive

      2  Delay in testing - breakdown of acetoacetic acid

  (3)  Bile pigments and bilirubin
    (a)  Principle - Coupling of bilirubin with diazonium salt in 

          strongly acidmedium to produce a shade of tan

    (b)  Significance - appearance in urine is often first indication of 

           liver disease

      1  Hepatitis

      2  Cirrhosis

      3  Biliary obstruction

    (c)  Expected value - Negative

    (d)  Sources of error - 

      1  Indican - cause difficulty in reading test results

      2  Ascorbic acid - levels above 25 mg/dl cause false negative

  (4)  Glucose
    (a)  Principle - Double sequential enzyme (glucose oxidase, 

          specific for glucose only,         if other reducing sugars are 

          suspected, perform clinitest.)

    (b)  Significance

      1  Diabetes mellitus

      2  Impaired tubular reabsorption

        a  Fanconi’s syndrome

        b  Advanced renal disease

      3  Central nervous system damage

      4  Pregnancy and possible latent diabetes mellitus

    (c)  Expected value - Negative

    (d)  Sources of error 

      1  Ascorbic acid concentration above 50 mg/dl cause false 

          negative

      2  Ketones reduce sensitivity

      3  Hypochlorites and peroxides may cause false positives

  (5)  Other reducing agents

    (a)  Principle 

      1  Benedict’s reaction

      2  Glucose and other reducing substances reduce copper sulfate 

           to cuprous oxide

      3  Clinitest

    (b)  Significance 

      1  Indicates presence of any sugar

      2  Galactose most significant

        a  Inborn error of metabolism

        b  lack enzyme to breakdown galactose

        c  Cause failure to thrive and possibly death

    (c)  Expected value - Negative

    (d)  Sources of error - Presence of strong oxidizing agents can 

           cause false negative

  (6)  Hemoglobin and blood
    (a)  Principle - Utilizes the peroxidase like activity of 

          hemoglobin, myoglobin, and intact         red cells to catalyze 

          the reaction between diisopropylbenzene dihydroperoxide 

          and tetramethylbenzidine resulting in a color change from 

         orange to green

    (b)  Significance 

      1  Hematuria - Presence of intact red blood cells in urine

        a  most closely related to renal or genitourinary origin

        b  Usually result of trauma or irritation to these organs

          1  Renal calculi

          2  Glomerulonephritis

          3  Tumors

          4  Pylonephritis

      2  Hemoglobinuria - Presence of free hemoglobin in urine

        a  Lysis of red cells in the urinary tract

        b  Intravascular hemolysis - no red cells seen in urine

          1  Transfusion reactions

          2  Hemolytic anemia

          3  Severe burns

          4  Systemic infections

          5  Strenuous exercise

    (c)  Expected value - Negative

    (d)  Sources of error - 

      a  Microbial peroxidase causes false positives

      b  Increased specific gravity reduces sensitivity

  (7)  Nitrite
    (a)  Principle

      1  Nitrate derived from diet is converted to nitrite by certain 

          gram negative bacteria

      2  At an acid pH, nitrite reacts with p-arsanilic acid to form a

         diazonium compound

    (b)  Significance - Indicates presence of certain gram negative 

           bacteria in urine

      1  Cystitis

      2  Pylonephritis

      3  Evaluation of antibiotic therapy

      4  Monitoring of patients at high risk for urinary tract infection

      5  Screening for urine culture specimens

    (c)  Expected value - Negative

    (d)  Sources of error - 

      1  Pink spots do not indicate positive reaction

      2  Absence of dietary nitrate

      3  Contamination upon collection and delayed testing may 

          cause false positive

      4  Urine not in bladder minimum of 4 hours cause false 

          negative

2b.  Explain the principles, significance, methods, expected values and sources of error for other   qualitative and semi-quantitative tests.

  (1)  Phenylketonuria

    (a)  Significance:  Phenylketonuria is caused by the failure to 

           inherit the gene to produce the enzyme phenylalanine 

           hydroxylase, esential to protein production 

    (b)  Methods used

      1  Phenistix

        a   Principle

        b  Sources of Error

        c  Expected results - detects presence of phenylpyruvic acid, 

           phenothiazine, and salicylates

      2  Nitroso-naphthol

        a  Principle

        b  Sources of Error

        c  Expected results

      3  2,4-Dinitrophenylhydrazine

        a   Principle

        b  Sources of Error

        c  Expected results

      4  Ferric Chloride Tube Test

        a  Principle

        b  Sources of Error

        c   Expected results

  (2)  Porphyrins

    (a)   Significance:  Detection and identification of this 

            compound in the  urine serves as an aid to the diagnosis of 

            the particular disorder.

    (b)   Disorders found in Porphynuria

      1  Erythrocytic and hepatic malfunctions

      2  Lead poisoning  (most common cause)

    (c)  Methods

      1  Ehrlich’s reaction

        a  Principle

        b  Sources of Error

        c  Expected results

  (3)  Porphobilinogen

    (a)  Significance  

      1  Inborn error metabolism

      2  Erythrocytic and hepatic malfunctions

      3  Lead poisoning

    (b)  Method

      1  Watson- Swartz test

        a  Principle 

        b  Sources of error

        c  Expected results

  (4)  Urobilinogen
    (a)  Significance:  Increases in urinary and fecal urobilinogen 

          levels occur   in hemolytic jaundice and early hepatitis

    (b)  Methods

      1  Ehrlich’s 

        a  Principle

        b  Sources of Error

        c  Expected results

      2  Watson- Swartz test

        a  Principle

        b  Sources of Error

        c  Expected results

  (5)  Melanogen

    (a)  Significance:  Melanuria usually occurs as a symptom of 

          metastatic  melanomas, usually in the liver

      1  Excretion of dark-colored urine or urine that turns dark upon

          standing 

      2  Melanogens darken when exposed to light or air

    (b)  Methods

      1  Thormahlen test

      2  Principle 

      3  Sources of error

      4  Expected results

  (6)  Bence- Jones Protein

    (a)  Significance:  Occurs in individuals with multiple myeloma

    (b)  Methods

      1  Electrophoresis

      2  Bradshaw’s test

      3  Thermal method

        a  Principle

        b  Sources of error

        c  Expected results

  (7)  Homogenistic Acid

    (a)  Significance:  Oxidized from the enzyme 1.2-dioxygenase,  

          The  the absence of this enzyme leads to the rare, genetically 

          derived disease alkaptonuria or homogentisuria,  which 

          results in excretion of homogenistic acid in the urine

    (b)  Methods

      1  Benedict’s Test

      2  Principle

      3  Sources of error

      4  Expected results

APPLICATION:

EVALUATION:

  CONCLUSION(5 MIN)

SUMMARY:

2a.  Explain the principles, significance, methods, expected values, and sources of error for the   following routine chemical tests.

  (1)  Protein

  (2)  Ketones

  (3)  Bile pigments and bilirubin

  (4)  Glucose

  (5)  Other reducing agents

  (6)  Hemoglobin and blood

  (7)  Nitrite

2b.  Explain the principles, significance, methods, expected values and sources of error for other   qualitative and semi-quantitative tests.

  (1)  Phenylketonuria

  (2)  Porphorins

  (3)  Porphobilinogen

  (4)  Urobilinogen

  (5)  Melanogen

  (6)  Bence-Jones Protein

  (7)  Homogenistic acid

REMOTIVATION:

ASSIGNMENT:
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MICROSCOPIC ANALYSIS OF URINE

(     MIN)

ATTENTION:

MOTIVATION:

OVERVIEW:

3a.  Identify and state facts required in the preparation and microscopic identification of urine 

  sediment.

  (1)  Methods for preparing urinary sediment for proper microscopic analysis.

  (2)  Description of cellular structures

  (3)  Description of crystalline structures

  (4)  Description of artifacts

MICROSCOPIC ANALYSIS OF URINE

BODY (     MIN)

PRESENTATION:

3a.  Identify and state facts required in the preparation and 

       microscopic  identification of urine sediment.
  (1)  Methods for preparing urinary sediment for proper 

        microscopic analysis.
    (a)   Centrifugation

      1  The microscopic examination of urine should be performed 

          on a centrifuged specimen

      2  If the volume of specimen is too small to be centrifuged (i.e.   

        : just a  few drops) examine the sample directly.  But note in 

          the report  “Results are from an uncentrifuged specimen”

      3  Mix the specimen and place 5-15 mls of urine in centrifuge 

          tube  (differs according to laboratory OI)

      4  Centrifuge at 2000 rpm for 5 minutes (Differs according to 

          centrifuge calibrations)

      5  To standardize the microscopic examination, the laboratory 

          should adopt regulated :

        a  speeds (rpm’s)

        b  time

        c  amount for the centrifugation of urine

    (b)  Handling of sediment

      1  Pour off the supernatant fluid (this can be used for 

          confirmatory  protein testing if necessary)

      2  Resuspend the sediment in the urine that drains back in the 

          tube

      3  Place a drop of sediment on a clean glass slide or Urinalysis 

          chamber slide

      4  If on a clean glass slide coverslip sediment

      5  Examine immediately

    (c)  Use of the compound microscope

      1  Subdued light must be used to provide adequate contrast

        a  Subdued light is obtained by partially closing the iris 

           diaphragm and then adjusting the condenser downward

        b  If there is too much light some structures will be missed

          1  Hyaline casts for example will be overlooked if the light 

              is too bright

            a  made of gelled protein

            b   very low refractive index

            c  bright light will not provide enough contrast

      2  Fine adjustment should be continuously adjusted up and 

         down

        a  To enable the viewer to see the depth of the object

        b  Structures which may be on different focal planes

      3  The sediment should be viewed 

        a  First under low power magnification (100x)

          1  Scan the slide / look at the edges of coverslip or chamber

            a  for casts

            b  for crystals

            c  other elements that may be present in only a few fields

        b  Switch to high dry power (400x)

          1  To identify structures

          2  To delineate the structures that are seen

        c  Reporting will vary according to laboratory operating 

          instructions

          1  Exception: Casts are always reported as the average 

              number present in 10-15 fields report 1-3 hyaline 

              casts/LPF

          2  All other structures are reported (according to laboratory 

              OI )

            a  rare, few, moderate, many

            b  average number seen per high power field

    (d)  Use of phase microscope

      1  Phase contrast - a microscope that converts variations of the 

          refractive index in the object into variations of intensity in 

          the image, permitting details of living cells to be seen 

         without the fixation and staining that is normally necessary

      2  Although useful in the identification of urinary structures, 

         few  laboratories can afford the microscopes capable of being 

         adapted  for these techniques

    (e)  Use of polarizing lens for crystal identification

      1  Procedure

        a  Use two polarizing filters

        b  One is placed on the condenser

        c  One is placed on the ocular

        d  Field is then darkened by rotating one of the filters

      2  Crystal identification

        a  Under polarized light, uric acid crystals will take on a 

            variety of colors

        b  Polarized light is also used for the identification of fat and 

            other anistropic substances.  “Characteristic Maltese-

            Cross”

          1  Fatty casts

          2  Starch

          3  Fat droplets

    (f)  Sterheimer-Malbin stain for urinary sediment

      1  Most common stain for urinary sediment

      2  General stain for most urinary structures contains

        a  Crystal Violet

        b  Safranin

  (2)  Description of cellular structures

    (a)  Erythrocytes

      1  May originate in any part of the urinary tract from the 

          glomerulus  to the urethral meatus (in females they may be 

          the result of  menstrual contamination)

      2  Appear in a variety of forms depending upon the 

          environment of  the urine

        a  Fresh urine

          1  RBC has a normal, pale or yellowish appearance

          2  Smooth, biconcave disks, 7u in diameter

        b  Dilute or hypotonic urine

          1  RBC’s swell up and can lyse (lysed cells are referred to as 

             “ghost” or “shadow” cells).  They are faint colorless 

            circles and are actually the empty RBC membrane.  

            Indicates a  low specific gravity

          2  Lysing will also occur in alkaline urine

        c  Concentrated or hypertonic urine

          1  RBC’s will crenate, sometimes the crenation may 

              resemble granules.  Indicates a high specific gravity

          2  Most often appear in acid urine, but not always

      3  Structures that may cause confusion

        a  Often crenated and “ghost” RBC’s are confused with 

           WBC’s

          1  Especially if only one cell type is present and a 

              comparison   can not be made

          2  WBC’s are larger, contain nuclei, and are usually granular

          3  The macroscopic chemical strip is often helpful and 

              correlation should be made

          4  Adding a few drops of acetic acid will lyse the RBC’s and 

              emphasize the nuclei of WBC’s

        b  Yeast cells can be mistaken for RBC’s

          1   Yeast cells are ovoid rather than round and frequently 

               contain buds

          2  Yeast cells will not dissolve in acetic acid

      4  RBC indications

        a  Normally RBC’s do not appear in the urine

        b  The appearance of 1-2 RBC/HPF is not considered 

            abnormal and not clinically significant

        c  Injury or rupture of the blood vessels of the kidney or 

           urinary tract releases RBC’s into the urine

        d  If large amounts of blood are present, the plasma protein 

           will  give a positive macroscopic chemical strip protein test

        e  Hematuria

          1  Presence of blood or RBC’s in the urine

          2  Occurs in renal (kidney) diseases

            a  glomerulonephritis

            b  malignant hypertension

            c  trauma to the kidneys

            d  renal tumors

            e  nephrotic syndrome

    (b)  Leukocytes

      1  On average the normal urine can contain up to 2 WBC/HPF

        a  WBC’s are approximately 10-12u in diameter, larger than 

            RBC’s

        b  Smaller than renal epithelial cells

        c  Usually spherical and can appear as a dull gray or as a 

           greenish-yellow color

        d  May occur singly or in clumps

        e  The WBC’s in the urine are mostly neutrophils

          1  Can be identified by their characteristic granules or by 

              lobulation of the nucleus

          2  The addition of acetic acid accentuates the nuclei of the 

              cells

      2  Urine environment

        a  Dilute or hypotonic urine

          1  WBC’s swell, nuclei and granules are easily recognized

          2  Granules demonstrate brownian movement- “Glitter cells”

          3  Studies show that in alkaline and hypotonic urine the 

              number of WBC’s decreases 50% within an hour of 

              collection at room temperature.  If kept at 4oC a 50% 

              reduction will occur in two and a half hours

        b  Concentrated or hypertonic urine

          1  Leukocytes shrink

          2  May be confused with crenated RBC’s

      3  Increase in WBC’s in the urine

        a  Associated with inflammatory processes

        b  Pyuria - pus in the urine is seen in conditions such as

          1  Appendicitis

          2  Pancreatitis

        c  Also increase of leukocytes are found in non-inflammatory 

            conditions such as

          1  Acute glomerulonephritis

          2  Dehydration, stress, and fever

        d  Many WBC’s, especially in clumps, are strongly suggestive 

            of  acute infection

          1  Pylonephritis

          2  Cystitis

          3  Urethritis

        e  WBC casts are evidence that the WBC’s are originating in 

            the  kidney

        f  A few leukocytes  can normally be found in secretions of 

            the  male and female genital tract, so the possibility of 

            contamination should be considered

    (c)  Epithelial cells:  renal, caudate, and squamous

      1  Renal tubular epithelial cells

        a  Are slightly larger than leukocytes and contain a large 

            round nucleus

        b  Increased numbers of renal epithelial cells suggests tubular 

           damage

          1  Pyelonephritis

          2  Acute tubular necrosis

          3  Salicylate intoxication

          4  Kidney transplant rejection

      2  Transitional (caudate) epithelial cells

        a  Two to four times as large as WBC’s

        b  Pear shaped or may have a tail like projection

        c  Occasionally these cells may contain two nuclei

        d  Transitional cells line the urinary tract from the pelvis of 

             the  kidney to the upper portion of the urethra

      3  Squamous epithelial cells

        a  Easily recognized as large, flat, irregularly shaped cells

        b  Contain small central nuclei and abundant cytoplasm

        c  Squamous epithelial cells occur principally in the urethra 

            and vagina

        d  Many squamous epithelial cells present in the female urine 

            are  the result of contamination from the vagina or vulva

        e  They have little diagnostic significance

    (d)  Casts

      1  Urinary casts are formed in the lumen of the tubules of the 

          kidney

      2  They are so named because they are molded in the kidneys

      3  Tamm-Horsfall mucoprotein is believed to form the basic 

          matrix of  all casts

      4  Factors involved in cast formation

        a  Urinary stasis - marked decrease in urine flow

        b  Increased acidity

        c  High solute concentration

        d  Protein

      5  Cast dissolve in alkaline urine and in urine with low specific 

          gravity < 1.003

      6  Have nearly parallel sides and rounded or blunted ends

      7  Types of casts

        a  Hyaline casts

          1  Are pale colorless, transparent, occasionally refractive 

              “cylinders”

          2  Seen best when intensity of light is reduced

          3  Formed by precipitation of protein

          4  Most frequently occurring casts in the urine

        b  Red blood cell casts

          1  Means renal hematuria and are always pathologic and 

             diagnostic of glomerular disease

            a  acute glomerulonephritis

            b  good pasture’s syndrome

            c  renal trauma

          2  Brown to almost colorless may contain only a few RBC’s 

             or many

          3  If RBC’s are still intact red cell cast

          4  If the cast has degenerated to a reddish-brown granular 

             cast - hemoglobin or blood cast

        c  White blood cell cast

          1  Found in patients with pyelonephritis, glomerulonephritis, 

             and nephrotic syndrome

          2  WBC’s in cast may be few to many tightly packed 

              together

        d  Epithelial cast

          1  Form as a result of stasis and the degeneration of renal 

              tubular epithelial cells

          2  Rarely seen

          3  Large amounts may indicate degeneration of the tubules

        e  Granular cast

          1  Coarsely granular or finely granular

          2  Formed by degeneration of internal inclusions of other 

              casts

        f  Waxy cast

          1  High refractive index and are yellow, gray, or colorless

          2  They have a smooth homogenous appearance

          3  Often appear as short broad casts with blunt or broken 

              ends

          4  They often have cracked or serrated edges

          5  Clinical significance

            a  chronic renal failure

            b  malignant hypertension

            c  diabetic nephro pathy

        g  Fatty cast

          1  Have incorporated either free fat droplets or oval fat 

              bodies

          2  If the fat is cholesterol the droplets will be anisotropic and 

              under polarized light - “Maltese-cross” will be noted

    (e)  Bacteria

      1  The urine is normally free of bacteria

        a  While in the bladder and kidney

        b  Contamination may occur from bacteria present in the 

            urethra or vagina or from other external sources

      2  Clean catch midstream specimens

        a  When properly collected, will be free of contamination

        b  If large amounts of bacteria are found and if accompanied 

            by many WBC’s - it is usually indicative of a urinary tract 

            infection

      3  Reported

        a  According to the number that is present

        b  Few, moderate, many, or 1+, 2+, 3+ (according to 

            laboratory OI )

        c  No attempt is made to identify the types of organism (i.e. 

            cocci  or bacilli)

        d  The presence of bacteria is easily recognized when the 

          sediment is viewed under high power magnification

    (f)  Parasites

      1  Schistosoma haematobium
        a  Bladder fluke

        b  Causes hematuria

      2  Trichomonas vaginalis
        a  Most commonly seen parasite in the urine

        b  Sexually transmitted disease

      3  Enterobius vermicularis - contamination in the urine

    (g)  Yeast cells

      1  Smooth, colorless, ovoid cells with doubly refractile walls

      2  Vary in size and often show budding

      3  They are insoluble in acetic acid

      4  May be present in

        a  UTI’s   especially in diabetic patients

        b  May also be present in urine as a result of skin or vaginal 

            contamination

        c  Candida albicans is the most common yeast to appear in the 

            urine

    (h)  Spermatozoa

      1  Have oval bodies and long, thin, delicate tails

      2  May be present in men

        a  After epileptic convulsions

        b  Nocturnal emission

        c  Diseases of the genital organ

        d  Spermatorrhea

      3  May also be found in both sexes after coitus

      4  Reporting of spermatozoa vary according to laboratory OI

  (3)  Description of crystalline structures

    (a)  Normal crystals of acid urine

      1  Uric acid crystals

        a  Many different shapes

        b  Most characteristic forms are the diamond or rhombic 

            prisms  and the rosette which consists of many crystals 

            clustered  together, the layered effect is also demonstrated

        c  They may have six sides, do not confuse with cystine 

            crystals

        d  Cystine crystals are colorless, uric acid crystals are usually 

            stained with urinary pigments

        e  They are usually yellow or red-brown in color dependent on 

            the thickness.  NOTE: very thin uric acid crystals will 

            appear colorless

        f  Polarized light - uric acid will polarize and take on a variety 

           of  colors

        g  The presence of uric acid crystals can be a normal 

            occurrence

      2  Calcium oxalate crystals

        a  Appearance

          1  Colorless, octahedral or “envelope” shaped crystals which 

              look like small squares crossed by intersecting diagonal 

            lines

          2  When focusing the viewer will see the “X” of the crystal 

              popping out of the field

          3  Rarely, they appear as oval spheres or biconcave disks 

              which have a “dumbbell” shape

        b  Calcium oxalate is frequently found in acid and neutral 

            urine, may occasionally be found in alkaline urine

        c  Present normally in urine after ingestion of oxalate rich 

           foods.  Such as tomatoes, spinach, rhubarb, garlic, oranges, 

           or  asparagus

      3  All acid crystals can be dissolved with 10% NaOH (alkali) 

          or  gentle heating

    (b)  Normal crystals of alkaline urine

      1  Triple phosphate

        a  Can be present in neutral and alkaline urine

        b  Resemble “coffin lids”

      2  Calcium carbonate

        a  Colorless crystals appearing in “dumbbell” or spherical 

           forms

        b  Have no clinical significance

      3  Ammonium biurates

        a  Also referred to as ammonium urates

        b  Yellow-brown spherical bodies with long, irregular 

            spicules

        c  Appearance is often described with the term “thorn apple” 

           or “tree root”

        d  Ammonium biurates are only abnormal if found in freshly 

            voided urine, upon standing free ammonia is present in 

            urine  and normal formation of these crystals may occur 

            and disolve upon  warming

      4  All alkaline crystals can be dissolved with 10% acetic acid

    (c)  Amorphous sediment

      1  Amorphous urates

        a  Have a yellow-red granular appearance

        b  Are soluble in alkali at 60oC

        c  They have no clinical significance

      2  Amorphous phosphates

        a  Visibly indistinguishable from amorphous urates

        b  The pH of urine helps distinguish them

        c  Report both as “Amorphous sediment”

    (d)  Pathological crystals

      1  Almost always found in acid urine

      2  Occasionally found in alkaline and neutral urine

      3  Cystine crystals

        a  Colorless, refractile hexagonal plates with equal or unequal 

            sides

        b  May appear singly, on top of each other, or in clusters

        c  Frequently have a layered or laminated appearance

        d  The presence of cystine crystals occurs in metabolism 

            disorders

          1  Congenital cystinosis

          2  Congenital cystinuria

      4  Leucine crystals

        a  oily, highly refractile, yellow or brown spheroids with 

            radial and concentric striations

        b  Clinical significance

          1  Patients with maple syrup urine disorders

          2  Serious liver disease

            a  terminal cirrhosis

            b  severe viral hepatitis

        c  Leucine and tyrosine crystals are often present together in 

           the urine of patients with liver disease

        d  Soluble in hot acetic acid, hot alcohol and in alkali

      5  Tyrosine crystals

        a  Very fine, highly refractile needles occurring in sheaves or 

           clusters

        b  The needle clusters appear black, especially in the center, 

            but  may take on a yellow color in the presence of bilirubin

        c  Clinical significance

          1  Severe liver disease

          2  Tyrosinosis

          3  Oasthouse urine disease

        d  Soluble in ammonium hydroxide and HCl

      6  Cholesterol crystals

        a  Large, flat, transparent plates with notched corners

        b  Under polarized light they may exhibit a variety of colors

        c  At times, cholesterol crystals are found as a film on the 

            surface of the urine

        d  Clinical significance

          1  Excessive tissue breakdown

          2  Nephritis and nephrotic condition

        e  Soluble in chloroform, ether, and hot alcohol

  (4)  Description of artifacts

    (a)  Starch crystals

      1  Frequently found in urine, especially in pediatric and 

         geriatric patients

      2  Round or oval, highly refractile, and vary in size with an 

          irregular indentation in the center

      3  Most common starch found is cornstarch

      4  Some brands of powder contain cornstarch

      5  Under polarized light these starch crystals will appear as 

          “Maltese- crosses”

    (b)  Fibers

      1  Cloth fibers are with out a doubt the most frequently 

          occurring  type of artifact found in the urine

      2  They come from clothing, diapers, toilet paper, and lens 

           paper

      3  Appearance

        a  Some are long and flat, easily recognizable

        b  Some fibers are short and are approximately the same size 

            as a   cast and often mistaken for a cast, even by some 

           “urinalysis experts”

        c  Characteristics readily noticeable

          1  Usually have dark edges casts do not have dark edges

          2  Upon focusing fibers are flat; casts are cylindrical

    (c)  Oil droplets

      1  The result of contamination

      2  Spherical and can vary in size

    (d)  Miscellaneous structures

      1  Hair

      2  Wood fragments

      3  Glass fragments

CONCLUSION ( 5 MIN)

SUMMARY:

3a.  Identify and state facts required in the preparation and microscopic identification of urine   sediment.

  (1)  Methods for preparing urinary sediment for proper microscopic analysis.

  (2)  Description of cellular structures

  (3)  Description of crystalline structures

  (4)  Description of artifacts

REMOTIVATION:

ASSIGNMENT:

  PART II TEACHING GUIDE

J5ABO4T031

QUALITY CONTROL IN URINALYSIS

(     MIN)

ATTENTION:

MOTIVATION:

OVERVIEW:

4a.  Identify and explain the operating principles of all equipment and quality control procedures   in urinalysis.

  (1)  Equipment

  (2)  Reagents

  (3)  Commercial controls

  (4)  Temperatures

  (5)  Preventative maintenance

  (6)  Proper handling and storage of reagents strips and/or reagent tablets

QUALITY CONTROL IN URINALYSIS

BODY(     MIN)

PRESENTATION:

4a.  Identify and explain the operating principles of all equipment and quality control procedures   in urinalysis.

  (1)  Equipment

    (a)  Follow manufactures instructions

    (b)  Follow OI

  (2)  Reagents

    (a)  Follow directions

    (b)  Check for expiration date

    (c)  Linearity testing

  (3)  Commercial Controls

    (a)  Daily documentation

      1  Controls run per Operating Instructions (OI) 

      2  Look for trends

    (b)  Expired lot numbers

    (c)  Storage of Controls

      1  Refrigerate

      2  Room Temp

  (4)  Temperatures

    (a)  Refrigerators    2-8oC

    (b)  Water baths      35- 37oC

  (5)  Preventive maintenance

    (a)  Microscope

      1  Clean daily (stage area)

      2  Urine spill

    (b)  Centrifuge

      1  Clean daily

      2  Calibrate

    (c)  Automated and semi-automated instruments

      1  Calibrate per manufactures instructions

      2  Follow manufactures PM

  (6)  Proper handling and storage of reagents strips and/or reagent 

        tablets

    (a)  Store in cool dry area

    (b)  Check for discoloration of strips

    (c)  Expiration dates

    (d)  Each time new bottle open strip or reagent should be tested 

          with known control

    (e)  documentation key to good QC
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CONCLUSION(5 MIN)

SUMMARY:

4a.  Identify and explain the operating principles of all equipment and quality control procedures   in urinalysis.

  (1)  Equipment

  (2)  Reagents

  (3)  Commercial controls

  (4)  Temperatures

  (5)  Preventative maintenance

  (6)  Proper handling and storage of reagents strips and/or reagent tablets
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