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Quality assurance of Urine Analysis
control of variations

m1- preanalytical variations
mZ2-Analytical variations

m 3- post analytical variations
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[ ¢4 Changesin Unpreserved Urine

Analyte Change Cause
Color Modified/darkened Oxidation or reduction of metabolites
Claity Decreased Bacterial growth and precipitation of amorphous material
Odor Increased ammonia smell = Bacterial multiplication causing breakdown of urea to ammonia
pH Increased Breakdown of urea to ammonia by urease-producing bacteria/loss
of CO,
Glucose Decreased Glycolysis and bacterial use
Ketones Decreased Volatilization and bacterial metabolism
Bilirubin Decreased Exposure to light/photo oxidation to biliverdin
Urobilinogen Decreased Oxidation to urobilin
Nitrite Increased Multiplication of nitrate-reducing bacteria
Red and white blood | Decreased Disintegration/lyse in dilute alkaline urine
cells and casts
Bacteria Increased Multiplication
Trichomonas Decreased Loss of motility, death




w Urine Preservatives

Preservatives Advantages Disadvantages Additional Information
Refrigeration Does not interfere with Precipitates amorphous Prevents bacterial growth
chemical tests phosphates and urates for 24 hours?
Acids (boric acid, Prevents bacterial growth Interferes with analysis of Keeps pH at about 6.0
HCL, acetic acid. and metabolism drugs and hormones Can be used for transport

tartaric acid)

Formalin (formaldehyde)

Sodium fluoride

Commercial preservative
tablets

Urine Collection Kits?
(Becton, Dickinson,

Rutherford, NJ)

Excellent sediment
preservative

Good preservative for drug
analyses

Convenient when refrigera-
tion not possible

Have controlled concentration
to minimize interference

Contains collection cup,
transfer straw, culture and
sensitivity (C&S) preser-
vative tube, or UA tube

Actsasa redueing agent,
interfering with chemical
tests for glucose, blood,
leukocyte esterase, and
copper reduction

Inhibits reagent strip tests
for glucose, blood, and

leukocytes

Check tablet composition to
determine possible effects
on desired tests

of urine cultures

Rinse speeimen container
with formalin to pre-
serve cells and casts



Quality assurance of Urine Analysis
preanalytical variations
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Quality assurance of Urine Analysis
preanalytical variations
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Rejection Criteria of urine
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Estimated Glomerular Filtration Rates

[n the past years, a variety of formulas for eGFR have been
used, and those tormulas continue to be revised. Because the
formulas can be programmed into automated instruments, es-
timated clearances can be used for routinely screening patients
as part of a metabolic profile and to monitor patients already
diagnosed with renal disease or at risk for renal disease. In ad-
dition, the formulas are valuable when there is a need to pre-
scribe medications that require adequate renal clearance.



The formula used most frequently is called the Moditica-
tion of Diet in Renal Disease (MDRD) study. The formula has
been moditfied several times to make it more accurate and stan-
dardized. At present, the formula recommended by the Na-
tional Kidney Disease Education Program (NKDEP) is called
the MDRD-IDMS-traceable formula. A primary discrepancy in
the previous formulas was found to be the methods used to
measure serum creatinine. eGFR equations are superior to
serum creatinine alone because they include variables for race,
age, and gender.®> Current laboratory methods primarily use
creatinine assays, such as enzyme assays, that do not have the
same interference as the original Jatte chemical method. These
methods correspond more closely to the isotope dilution mass
spectrophotometry (IDMS) reference method.



The MDED-IDMS traceable formula is:

GFR = 175 » serum creatinine-1.134 » gge 9203 x 0.742
(if patient is female) x 1.212 (if patient is black)

The formula is designed to essentially equal the results
that compare to the reference body size of 1.73 m?2.

Because e GFRs are calculated for an average body size, they
are not accurate for pediatric patents. They also have been shown
to be most accurate when results are lower than 60 mlL/min. 4 It
is recommended that results be reported with numerical values
below 60 mL/min (for example, 59 ml/min) and higher values
reported as equal to or greater than 60 mL/min (for example,
=60 mlL/min).

The formula recommended for use when serum creatinine
methods do not compare to the IDSM standard is provided as
a Historical Note.

The eGFR is classified into the following stages based on
the kidney disease. The Improving Global Outcomes (KDIGQO)
stages of chronic kidney disease (CKD) are3:

» Stage 1 GFR greater than 90 mL/min/l1.73 m

» Stage 2 GFR between 60 and 89 mL/min/1.73 m
» Stage 3 GFR between 45 and 59 mL/min/1.73 m
» Stage 4 GFR between 15 and 29 mL/min/1.73 m

» Stage 5 GFR less than 15 mL/min/l.73 m (end-stage
renal disease)
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HISTORICAL NOTE
Original MDRD Calculation

The formula for MDRD calculation of GFR when the
serum creatinine method is not standardized to IDMS.

GFR = 173 x serum creatinine1* x age 0203 x (.742
(if patient is female) x 1.212 (if patient is black)
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MICROSCOPIC CQUANTITATIONS

CQuantitate an average of 10 represaentative fields. Do not guantitate
budding yeast, mycelial elements, Trnchormonas, or sperm, but do
note their presence with the appropriate LIS code.

Epithelial cellsd 1L FFE
Mome:
Rar=:
Feww:
Modaerate:
M.army:
Casis/L PFE
MNomne:

NMumerical ranges:

RECs=HPE
Flormee:

NMumerical ranges:

WBCs/HPE
MNome:

NMumerical ranges:

CrystalsiHPFE
Mome:
Rar=:
Feww:
Modaerate:
M.army:
BacieriarHE E
MMome:
Rar=:
=
Modarate:
M ary:
Mucous threads
Rare:
=
Moderate:
M.army:

0O

05
520
20—100
=100

0O
o0—2, 25, 5—10, >10

o
o2, 25, 510, 1025, 2550, 50100, =100

0O
o—2, 25, 5—10, 1025, 2550, 50— 00, >100

Q0
o—2
2—5
5—20
=0

0O

O—10
10—50
S50—=200
=200

o—1
1—3
S—10
=10




Reporting Critical Results In Urinalysis

POSITIVE KETONES
All results positive for ketones should be telephoned to the appropriate nursing unit.

Document the following information in the computer as a chartable footnote
appended to the result: Initials of the person making the call Name of the person
receiving the telephone call

strongly POSITIVE CLINITEST

All Clinitest results should be telephoned to the appropriate nursing unit. Initials of
the person making the call Name of the person receiving the telephone call
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Urine control
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"
Who performs urinalysis testing?

m [N most clinical laboratories, urinalysis
IS performed by medical laboratory
professionals called:

Medical Laboratory Technicians or

Clinical Laboratory Technicians
(MLT/CLT)

Medical Technologists or Clinical
Laboratory Scientists (MT/CLS)



What education is required to be a
laboratory professional?

m Associate’s degree
Medical Laboratory Technician (MLT)
Clinical Laboratory Technician (CLT)

m Bachelor’'s degree
Medical Technologist (MT) d
Clinical Laboratory Scientist (CLS)

m For more info, visit our web site at
www.medlabcareers.msu.edu

Biploma



" S
Laboratory science careers

are rated among the best!

m Website manager m Parole officer

m Actuary m Meteorologist

m Computer systems analyst ™ Technical writer
m Software engineer m Medical secretary
m  Mathematician ]

m  Computer programmer m Financial planner
m  Accountant

m Industrial designer .

m Hospital administrator

= \Web developer m Astronomer

m Paralegal assistant m  Historian

Jobs Rated Almanac, L. Krantz,
1999



Example: Assessment Checklist
CHS S agae ol cuadla b)) sl Sy 1 la

COMPETENCY ASSESSMENT

ANALYST NAME

EVALUATION PERIOD TO
METHOD/PROCEDURE

TITLE
DATE DUE

READING OF PERTINENT PORTIONS OF THE
PROCEDURE MANUALS

DIRECT OBSERVATION

YES

NO

N/A

COMMENTS

Safety policies followed

Preparation of work area

Work area neat and organized

Follows policies, procedures and rules
pertaining to assignment

Preparation/handling of specimen

Preparation/handling of reagents

Preparation/handling of QC

Preparation/handling of instrument and
maintenance activities
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Urine Analysis
Methodology

m 1) Specimen collection & handelling urine
m 2) Physical Exam (color/odor/App/SG)

m 3) Chemical Exam (strip ...)

m 4) Microscopy Exam




Specimen collection & handelling urine
D s Adgad £ 6 29 foas

1) First morning fresh urine ( best urine) :
concentrated & suitable for casts & cellular elements

2) CCMU (Clean Catch Midstream Urine)

3) CCFU (clean catch Firststream Urine)

4) CCEU (clean catch Endstream Urine)

5) Suprapubic Aspiration urine

6) Urine bag urine & Pad collected urine

7) Random urine

8) Cathter Urine

9) Timed urine (24h/6h/2h)

10) Urine (3 hours after meal)fallow up of glycosuria
11) 2hpp urine



Specimen collection & handelling urine
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‘ Specimen collection urine
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Specimen collection urine
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Urine bag urine
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s s dgulUrinary Catheters

Jod g e olips S Al ga Ay ) ) ¢l e LAY s
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: Caglis cal dS L8] a4 gadia qu.ﬁ}u
Condom Catheters , Male Catheters ,*
Penile sheath catheters




Preservatives 24-Hour Urine
diclu 24 )3 oW ol o8

m None (refrlgerate) :Amino acids, amylase, chloride, copper,
creatinine, delta ALA, glucose, heavy metals (arsenic, lead,
mercury), histamine, immunoelectrophoresis, lysozyme,
methylmalonic acid, microalbumin, mucopolysaccharides,
porphobilinogen, porphyrlns potassmm protein, protein
electrophoresis, sodium, urea, uric acid, xylose tolerance

m 1 g boric acid : Aldosterone, cortisol(10 mL 6N)

s« HCL 6 normal ( 10 ml): calcium, catecholamines, citrate,
cystine, 5-HIAA, homovanilic acid, hydroxyproline, magnesium,
metanephrines, oxalate, phosphorus, VMA

s 0.59 sodium fluoride : Glucose

m Equal amounts of 50% alcohol, Saccomanno's fixative, SurePath or
Preserve CT: Cytologic examination




Preservation of urine

m Best analysis on Fresh urine

m OLD urine Preserve in RT = Alkaline PH with high
NH3 /degenerated WBC & casts /Psudodysmorph
RBC/multiply of bacteria /False neg of glucose of

urine

m Preservative of urine

m Touluene (2 ml /dl ):stable chemical element not
suitable for bacteria

m Formalin(one drop per 30 ml urine ):stable
cellular & noncellular elements of urine sed

m Thymol(ONE crystal)
m Chloroform
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MACROSCOPIC
EXAMINATION OF

URINE







MICROSCOPIC



" S
PHYSICAL EXAMINATION

mColor
mAppearance
mSpecific Gravity
m\Volume

mOdor



" SN
URINE COLOR

m Normal Urine Is to
to




" S
URINE COLOR

mUrine Color Is Dependent on Types
& Concentration of Its Solutes

m Different Normal Pigment Are Present
In Urine:
Urochrome, Uroerythrin, Urobilin

Uroporphyrin, Coproporphyrin,
Riboflavin
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" SN
URINE APPEARANCE

m Is Defined by Clearity of Specimen




" SN
URINE APPEARANCE

m Urine Turbidity Results from:
1) Precipitation of Salts Specially Urates
2) Presence of

m \licroscopic Examination Can Determine the
Cause of Urine Turbidity



"
URINE SPECIFIC GRAVITY (SG)

m Indicates the Ability of the Kidneys to Concentrate
the Urine

m Is Dependent on
1) Concentration and Size of Solutes, Mainly
NaCl & Urea
2) Water Intake (Hydration & Dehydration)
3) ADH Function
m Can Be Between 1.003 and 1.035

m Random Urine Density Usually Is Between 1.015
and 1.025

m Important In Evaluating of Specimen & Results



'_
ISOSTHENURIC URINE
(SG = 1.010)

mEquals Glomerular Filtrate SG



" I
HYPOSTHENURIC URINE
(SG < 1.010)

m s Normally Seen By Hydration

m [s Pathologically Seen in Decreased
Activity of ADH

m On A Very High Fluid Diet, Normal
Kidney Is Capable of Diluting the
Urine to a SG If about 1.003



"
HYPERSTHENURIC URINE
(SG > 1.010)

m|s Normally Seen By Low Water Intake

m |[s Pathologically Is Seen In Increased
Activity of ADH

m \When SG Is 1.023 or More, The Ability
of Kidney In Concentrating Urine Is
Normal



"
METHODS FOR MEASURING
URINE SG

mUrinometer
mRefractometer
mReagent Strip
mFalling Drop



m Refractometer. This is also an indirect method. The refractive index of a
solution is related to the content of dissolved solids present. The index
IS the ratio of the velocity of light in air to the velocity of light in a
solution. It varies directly with the proportion of particles in solution
and,therefore, with the specific gravity.The clinical refractometer is a
device that requires only a few drops of urine (unlike the 15 mL of urine
necessary with the urinometer). Although the refractometer measures
the refractive index of a solution, the scale used is valid only for urine
and cannot be used to indicate the specific gravity of salt or sugar
solutions. This should be kept in mind if salt solutions are to be used for
calibration. Special graphs or tables are required to convert refractive
Index scale numbers to solute concentrations in agueous solutions if
this should be required (American Optical Catalog Number 10403). The
specific gravity reading on the refractometer is generally slightly lower
than a urinometer reading on the same urine specimen by about 0.002.



REFRACTOMETER

A F F E CT E D B Y Temperature

compensating dial

Rotating

m Glucosuria Eriecs
m Proteinuria

m Radiographic Drugs
m [empreature b

Prism
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REFRACTOMETER
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Calibration refractometr

ﬂ At least one signature has problems. % Signature P

The refractometer is calibrated using distilled water that
should give a reading of 1.000. If necessary, the instrument
contains a zero setscrew to adjust the reading for distilled water
(Fig. 5-7). The calibration is further checked using either
5% NaCl, which, as shown in the refractometer conversion
tables, should read 1.022 = 0.001, or 9% sucrose, which
should read 1.034 £ 0.001. Urine control specimens represent-
ing low, medium, and high concentrations also should be run
at the beginning of each shift. Calibration and control results
are always recorded in the appropriate quality control records.
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Correction factor SG for protein and glucose

@ Signature P

compensated between 15°C and 38°C. Corrections for glucose
and protein must be calculated by subtracting 0.003 for each
gram of protein present and 0.004 for each gram of glucose pres-
ent. The amount of protein or glucose present can be determined
trom the chemical reagent strip tests.

When using the refractometer, a drop of urine is placed
on the prism, the instrument is focused at a good light source,
and the reading is taken directly from the specific gravity scale.
The prism and its cover should be cleaned after each specimen
is tested. Figure 5-0 illustrates the use of the refractometer.
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EXAMPLE

A specimen containing 1 g/dL protein and 1
g/dL glucose

has a specific gravity reading of 1.030.
Calculate the corrected
reading.

1.030 — 0.003 (protein) = 1.027 — 0.004 (glucose) =
1.023 corrected specific gravity
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CHEMICAL EXAMINATION

m pH

m Protein

m Glucose

m Keton Bodies

m Hemoglobin

m Bilirubin

m Urobilinogen

m Nitrite

m Leukocyte Esterase
m Ascorbic Acid



METHODS

mDry Reagent Strips
Usually for Screening

mChemical Tests
Usually for Confirmation
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DRY REAGENT STRIPS

m Greater Speed

m Fewer Personnel

m Cost Effectiveness

m Stability

m Relative Ease In Learning
m Disposability

m Smaller Sample Volume
m Space Saving






A. Urinalysis chemistry procedure.
Dip the reagent strip in the urine.
(From Bonewit-West K: Clinical
procedures for medical assistants, ed 6,
St. Louis, 2004, Mosby.)

B. Tap the side of the reagent strip on C. Compare the strip color to the
the urine cup as it is removed. (From reference chart. (From Bonewit-West
Bonewit-West K: Clinical procedures ~ K: Clinical procedures for medical

for medical assistants, ed 6, assistants, ed 6, St. Louis, 2004,
Philadelphia, 2004, Saunders.) Mosby.)




)
. SY s rraa
......"'("-

.s %




'_
URINE pH

m For Evaluating of Acid-Base Status
m For Evaluation

Acid Acid €<— . —> Alkaline Alkaline
e Urine 5.0-8.0 +
|

2%

7

//"/’,///1

N
0 6 (|7 | 0&
R
Saliva 6.0
Blood 7.35-7.45

Pure water 7.0



Recommendations for reagent strips

m Storage of strips

m 1- Protect from moisture and excessive heat.
2-Store In cool, dry area but not in a
refrigerator.

3- Check for discoloration with each use;
discoloration may indicate loss of reactivity.
4-Do not use discolored strips or tablets.
5-Keep container tightly stoppered.

6-Check manufacturer's directions with each
new lot number for changes in procedure.




Recommendations for reagent strips

m Testing

m 1-Test urine as soon as possible after
receipt.
2- Remove only enough strips for immediate
use; recap tightly.
3-Test a well- mixed, unspun urine sample.
4-Urine samples must be at room
temperature before testing.
5-Do not touch the test area with fingers.
6-Do not use reagent strips in the presence
of volatile acids or alkaline fumes.
7-Dip reagent strip into urine briefly —no
longer than 1 second.
8-Drain excess urine off —run edge of strip
along rim of tube or blot edge on absorbent
paper.
9-Do not allow reagents to run together.




Recommendations for reagent strips

m [esting

m 10- Do not lay reagent strip directly on
workbench surface.
11- Follow exact timing recommendations for
each chemical test.
12-Hold reagent strip close to the color chart
and read under good lighting.
13- Know sources of error, sensitivity, and
specificity of each test on the reagent strip.
Think! Make correlations between patient
history and individual test, then follow
through




Urine control
W ) g3 Al gy AS JAIS g ) a) JAiS

m Nacl (0.9%) 5 ml
m Glucose (5%) 5 ml
m Serum (normal) 25 m|

m Blood 0.1 ml(lysed in dis
water)

m Adjust PH (6) with NaoH or Hcl
m Prepare fresh urine control
m Documentation of results (daily)
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daily Qualification of strips
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daily Qualification of strips
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" S
URINE PROTEIN

m In Normal State, Maximally There Is
150 mg/24h or 10 mg/dL Protein In
Urine

m More Than 200 Protein Have Been
Found in Urine Including

1/3 Albumin
1/3 Tomm-Horsfall
1/3 Other Proteins
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TYPES OF PROTEINURIA

Classification Based On Origin

m Prerenal

Dehydration, Decreased Blood Flow, Increased Pressure
on Kidney, Fever, Infectious Disease

m Renal
Glumerolar , Tubular

m Postrenal
Inflammation, Infection, Stone
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TYPES OF PROTEINURIA

Classification Based On Time of
Proteinuria

m Transient proteinuria
m Intermittent Proteinuria
m Orthostatic Proteinuria
m Constant Proteinuria
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Sulfosalicylic Acid Method — Qualitative.

m Procedure.

m Specimens should be centrifuged, and a clear supernatant
used. To approximately 3 mL of supernatant urine in a

clean test tube, aliquot an equal amount of 3% SSA.
Invert to mix. Exton solution =(5% SSA + Sulfate Na)

Let stand exactly 10 minutes. Invert again twice. Using
ordinary room light (not a lamp), observe the degree of
turbidity and/or precipitation and grade the results
according to the following descriptions: Negative : no
turbidity (5 mg/dL or less) Trace: perceptible turbidity (20
mg/dL) 1+: Distinct turbidity, but no discrete granulation
(50 mg/dL) 2+ : Turbidity with granulation, but no
flocculation (200 mg/dL) 3+: Turbidity with granulation
and flocculation (500 mg/dL) 4+ : Clumps of precipitated
protein, or solid precipitate (1.0 g/dL or more).
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Microalbuminuria.

m Microalbuminuria is the presence of albumin in
urine above the normal level but below the
detectable range of conventional urine dipstick
methods.

m lower urine albumin levels ranging from 20-200
mg/L
m Various methodologies have been introduced,

Including immunologic test systems and dye-
binding chemical test strips
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BENCE JONES PROTEIN (BJP)

m Strip Is Neg, But SSA Is Pos

m The Best Method Is Electrophoresis
m Heat Test Has A Low Sensitivity

m False Results with Heat Test Are Due to:

1) Low concentration

2) High concentration

3) Presence of other proteins

4) All BJP do not react with this test
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GLUSOSE OXIDASE

m False Positive Results

1) Chlorine bleach or other strong oxidizing
agent

2) Sensitivity increasing by low specific gravity
3) Improper storage of reagent strip
m False Negative Results

1) Presence of reducing agents such as
ascorbate, keton bodies, salicylates

2) alkaline urine pH
3) SG > 1.020

4) Sodium fluoride

5) Cold urine specimens

6) Improper storage of urine
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GLUCOSE OXIDASE &
REDUCTION TEST
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" S
KETON BODIES DETECTION

m False Positive Results
1) Phetaleins, 8-Hydroxyquinoline, L-Dopa,
Salicylates
2) Compounds containing sulfhydryl groups
3) Concentrated urine
m False Negative Results
1) Improper storage of urine
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HEME OXIDASE ACTIVITY

m False Positive Results
1) Strong oxidizing cleaning agent
2) Microbial and leukocyte peroxidase activity
3) Blood as a contaminant from menstruation

m False Negative Results
1) Presence of reducing agents such as ascorbate
2) Testing the supernatant or unmixed urine
3) Decreased lysis of RBC due to high SG or elevated
protein
4) Formalin, Nitrite, Captopril
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DETECTION OF BILIRUBIN IN URINE

m Shake Test

m Oxidation Methods
1) Gemelin (Nitric acid)
2) Marshal (Sodium nitrite in acid)
3) Smith (lodide alcohol)
4) Fouchet (Ferric chloride in acid)
5) Harison pot test (Ferric chloride and Barium sulfate)

m Diazotization Methods

1) Reagent strip (2,4-Dichloroanilin)
2) Hanter Diazotization (sodium nitrite and sulfanilic acid)
3) Ictotest (para-nitrobenzene diazonium)
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BILIRUBIN DETECTION

m False Positive Results
1) Drugs such as Phenazothiazine,
Chlorpromazine,
2) Indole and indican
m False Negative Results
1) Exposure to light
2) Hydrolsis of bilirubin diglucoronide
3) Ascorbate
4) Nitrite



Bilirubin in Urine

m Bilirubin is a breakdown product of hemoglobin that
Is formed in the reticuloendothelial cells of the
spleen, liver, and bone marrow. It is initially carried
In the blood linked to albumin; this unconjugated
bilirubin (or indirect bilirubin) is water insoluble and
therefore unable to pass through the glomerular
barrier of the kidney. Unconjugated bilirubin is
transported to the liver where it is conjugated with
glucuronic acid to form bilirubin glucuronide. This
conjugated form of bilirubin (direct bilirubin) is water
soluble and able to pass through the glomerulus of
the kidney into the urine. Conjugated bilirubin is
normally excreted in the bile into the duodenum, and
normal adult urine contains only 0.02 mg of bilirubin
per deciliter. This small amount is not detected by
the usual testing methods




.\ Reagent Strip Bilirubin

m The test Is based on the coupling
reaction of bilirubin with a diazonium
salt in acid medium

m This test detects 0.5 mg per deciliter
urine

m Urine must be fresh because bilirubin
glucuronide in urine quickly hydrolyzes
to less reactive free bilirubin will result
In false-negative findings




Confirmatory Bilirubin Tests

m aferric chloride reagent to oxidize
bilirubin to a green biliverdin

m [he diazo test method, in which
bilirubin is coupled to p-nitrobenzene
diazonium p-toluene sulfonate to form
a blue or purple color (in the form of a
tablet or reagent strip), iIs commonly
used




Indirect Tests for Urinary Tract
Infection

m The two most commonly utilized testing
modalities for indirect assessment of
bacteriuria and leukocyturia are the reagent
strip nitrite and leukocyte esterase

m The microscopic urinalysis serves as a rapid
confirmatory test for the presence of
leukocytes and bacteria, with bacteriologic
culture remaining the ‘gold standard' for
detecting bacteriuria.
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Nitrite

m Many bacteria that are urinary tract
pathogens are able to reduce nitrate to
nitrite, and thus will generate a positive urine
nitrite test when present in significant
numbers (> 105—106/mL bladder urine).

The test depends on the conversion of
nitrate to nitrite by bacterial action in the
urine. Because it typically requires overnight
(minimum of 4 hours) bladder incubation for
the infecting bacterial population to convert
urinary nitrate to nitrite, a first morning
specimen Is best. A positive result is
Indication for culture, unless the specimen
has been improperly stored after collection,
allowing contaminant bacterial growth




"SI
NITRITE DETERMINATION

m False Positive Results
1) In vitro conversion of nitrate to nitrite

2) Medication such as phenazopyridine

m False Negative Results
1) Insufficient dietary nitrate in urine
2) Insufficient incubation time
3) Inability of Bacteria to reduce nitrate
4) Degradation of nitrite to nitrogen
5) High level ascorbate
6) Low pH (uncommon during infection)



Leukocyte esterase

m Extracts of human neutrophil azurophilic (primary)
granules contain up to 10 proteins showing
esterolytic activity, and this esterase activity
IS commonly used as a marker for these
cells. Because neutrophils and other cells
are labile in urine, leukocyte esterase activity
can be indicative of remnants of cells that
are not visible microscopically

m The presence of significant numbers of
neutrophils in the urine suggests urinary
tract infection; however,

m Positive leukocyte esterase results correlate
with ‘significant' numbers of neutrophils,
either intact or lysed, and with the use of a
chamber count of about 10 neutrophils/pL of
fresh urine as a cutoff point




" S
LEUKOCYTE ESTERASE

m False Positive Results
1) Strong oxidants
2) Formalin

m False Negative Results

1) Increased glucose, albumin, oxalate
2) High specific gravity
3) High ascorbate

4) Antibiotics such as Cephalexin,
Cephalotin, Tetracyclin, Gentamycin
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URINE ASCORBATE

m Urine Detection of Ascorbate Is Based on
Reduction of 2,6-Dichlorophenolindophenol

m [ts Detection Has Little, If Any, Clinical
mportance

m Ascorbate Detection In Urine Is Important
Because of Interference with Other
Chemical Tests
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URINE ASCORBATE

m False Positive Results Due to High Ascorbate
1) Reducing Methods for Sugars

m False Negative Results Due to High Ascorbate
1) Glucose oxidase
2) Heme derivatives
3) Diazo reaction bilirubin
4) Leukocyte esterase
5) Nitrite




Microscopy of urine
routine standard

m Standard volume  10-15 ml urine
m Standard RPM 2000-3000 RPM
m TIME of centrifuge  4-5 min ( no brake)

m Ratio of sediment to total volume of urine 1:10
up 1:12

m VVolume of urine transfer on slide 20 landa

m Condansor low /diaphragm semiclosed

m 1-2 minute observation for each slide




SOP Urinalysis

m 1. Pour 10-15 mL of a well-mixed urine specimen into a
graduated disposable centrifuge tube. Perform physical
examination and reagent strip chemical evaluations.
Centrifuge at 450 g for 5 minutes.

2. Carefully remove and save the supernatant. The final
volume used to resuspend the sediment may vary with the
standardized system used but should remain a constant
within any given laboratory. Use a disposable pipet,
specialized tube, or pipet system to concentrate the
sediment.

3. Gently resuspend the sediment in the remaining
supernatant, and add one drop of supravital stain if
desired. Using an appropriate pipet, load/charge the
examination chamber of a standardized slide. Allow the
urine to settle for 30-60 seconds.




SOP Urinalysis

m 4. Examine with low- and high-power
objectives. Subdued light or phase-contrast
IHlumination will be required to detect
sediment entities with a low refractive index.
The fine focus should be varied continuously
while scanning. Systematically progress
around the entire examination chamber,
being careful to examine along the edges for
casts.

5. Count the number of casts in at least 10
Ipf, average, and report the number of casts
per Ipf. A reasonable range may be used in
reporting (e.g., 0-2, 2-5, 5-10). Use high power
to identify casts by type. Casts will not be
missed If phase-contrast microscopy Is used




SOP Urinalysis

m 6. Identify and count erythrocytes, leukocytes, and
renal epithelial cells using the high-power objective.
Count at least 10 hpf, average, and report as
cells/hpf. A reasonable range may be used for
reporting.

7. Commenton: a. Sgquamous and transitional
cells if present in large numbers or as fragments
(transitional cells). b. Bacteria, yeast, and
microorganisms. Bacteriuria detectable on low
power should be reported as at least

2+. c. Crystals (quantitated under low power).
Presence of abnormal crystals should be confirmed
chemically and correlated with the patient

history. d. Large amounts of mucus.




SOP Urinalysis

m 3. recommend confirming the
following results with cytopathologic
examination or specific chemical tests
(crystals):

ma. Morethan two renal epithelial
cells/hpf

m b. Pathologic casts

m C. Atypical mononuclear cells,
particularly urothelial cells

m d. Tissue fragments
m e. Pathologic crystals




Uncentrifuged urine Exam

m Andication: unstandard volume of urine

m Procedure: hemocytometer evaluation on
miIx urine

m \WBC normal range 5-30 per microliter
m RBC normal range 2-20 per microliter
m Ep.cell unknown

m Cast normal range 1-2 permicroliter




Quantitative Counts
Uncentrifuged urine Exam

m The cells and casts from undiluted well-
mixed urine are counted and reported
as the number of cells per microliter.

B Normal values for

m neutrophils vary from 5-30/uL
according to different workers;

m upper limits for erythrocytes vary from
2-20/uL

m casts as few as 1-2/uL




Supravital Stain Reagents

m Solution I

m Crystal violet 3.0 g

m Ethyl alcohol (95%)20.0 mL
. Ammonium oxalate 0.8 g

m Solution Il

m Safranin O 1.0g¢g

m Ethyl alcohol (95%)40.0 mL
m Distilled water 400.0 mL

m Three parts of solution | and 97 parts of
solution Il are mixed and filtered.

m The mixture should be clarified by filtering
every 2 weeks and discarded after 3 months.
Separately, solutions | and Il can be kept
Indefinitely at room temperature.




Procedure Supravital Stain

m Add one or two drops of stain to
approximately 1 mL of concentrated
urine sediment. Mix with a pipet and
place a drop of this suspension on a
slide and coverslip.
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Acute glomerulonephritis

m Macroscopic urinalysis :Gross
hematuria/ ‘Smoky’ turbidity
/ Proteinuria

m Microscopic urinalysis :Erythrocyte
and blood casts / Epithelial
casts / Hyaline and granular casts
/| Waxy casts
/ Neutrophils / Erythrocytes




Chronic glomerulonephritis

m Macroscopic urinalysis :Hematuria
[ Proteinuria

m Microscopic urinalysis :Granular and
waxy casts / Occasional blood

casts / Erythrocytes
| Leukocytes / Epithelial casts / Lipid
droplets




Acute pyelonephritis

m Macroscopic urinalysis :Turbid / Occasional
odor /Occasional proteinuria

m Microscopic urinalysis :Numerous
neutrophils (many in clumps) / Few
lymphocytes and histiocytes / Leukocyte
casts / Epithelial casts / Renal epithelial
cells / Erythrocytes / Granular and waxy
casts / Bacteria




Chronic pyelonephritis

m Macroscopic urinalysis :Occasional
proteinuria

m Microscopic urinalysis :Leukocytes
/| Broad waxy casts / Granular and
epithelial casts / Occasional leukocyte
cast / Bacteria / Erythrocytes




Nephrotic syndrome

m Macroscopic urinalysis
‘Proteinuria / Fat droplets

m Microscopic urinalysis :Fatty and waxy
casts / Cellular and granular
casts / Oval fat bodies and/or
vacuolated renal epithelial cells
occurring singly or as cellular clusters




Acute tubular necrosis

m Macroscopic urinalysis :Hematuria
/| Occasional proteinuria

m Microscopic urinalysis :Necrotic or
degenerated renal epithelial
cells / Neutrophils and erythrocytes
| Granular and epithelial casts / Waxy
casts / Broad casts / Epithelial tissue
fragments




m Macroscopic urinalysis :Hematuria

m Microscopic urinalysis :Numerous
leukocytes / Erythrocytes
| Transitional epithelial cells occurring
singly or as fragments / Histiocytes
and giant cells / Bacteria / Absence of

casts




Dysuria—pyuria syndrome

m Macroscopic urinalysis :Slightly turbid

m Microscopic urinalysis :Numerous
leukocytes, bacteria / Erythrocytes
/| No casts




Urinary tract neoplasia

m Macroscopic urinalysis :Hematuria

m Microscopic urinalysis :Atypical
mononuclear cells with enlarged,
iIrregular hyperchromatic nuclei and
sometimes containing prominent
nucleoli that occur singly or as tissue
fragments / Neutrophils / Erythrocytes
| Transitional epithelial cells




Printout from UF-100 automated urine analyzer,
showing normal urine. Note the lack of RBCs, WBCs,
bacteria, and casts.

(/ul] 1.8(/MPF
(/pL] 0.8[/HPF
(/pL] 0.70[MPF
[/pL] 0.00[APF
[/pl] -

X'TAL




Printout from UF-100 automated urine analyzer, showing abnormal
urine. Compare with Figure 27-51 . Note the sizable number of
RBCs, WBCs, bacteria, and casts.

RBC-Info.

Dysmorehic ¢

4 0B/Hb PRO ]
L.Est. NIT




Phenylketonuria.

m Phenylketonuria is an autosomal recessive
iInherited disorder in which there Is
absence of the enzyme phenylalanine
hydroxylase. Both sexes are affected
equally, with an incidence of about

1in 11 000. Allelic heterogeneity can be
guite extensive, Mental retardation Is the
major clinical finding, and dietary
restriction of phenylalanine has proven
efficacious In these patients.




Phenylketonuria.

m Methods.

m Phenistix reagent strips contain ferric ammonium
sulfate, magnesium sulfate, and
cyclohexylsulfamlc acld. At 30 seconds following
Immersion into urine, the color of the test area is
compared with the color chart provided. A
positive test result Is a gray to gray-green color.
The test detects 5-10 mg/dL. Salicylates and
metabolites of phenothiazine derivatives may
cause a pink to purple color.

lon-exchange high-performance liguid
chromatography (HPLC) has been found
suitable for guantitative confirmatory testing of
abnormal specimens ( Rellly, 1998 ).
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More to urine than meets the eye?

T Hand and Z Rawles
172 24/09/2021 HealthTrain



m Ancient Romans used urine to bleach
clothes

m Koryak people of Siberia are said to
drink urine of a person who has
Ingested ‘fly agaric’ (magic mushroom)
to communicate with the spirits

m In Scotland wool was soaked in urine to
prevent it from shrinking

T Hand and Z Rawles
173 24/09/2021 HealthTrain
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m Urine has been used as antiseptic In
war times

m Some Spanish people use urine as a
teeth whitener

m Aztec physicians administered urine as
drink to relieve stomach problems

m Urine from postmenopausal women is
rich in gonadotrophins which give FSH
for fertility therapy

T Hand and Z Rawles
24/09/2021 HealthTrain



Nature’s Elixir
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Good Health

Your Personal Treatment for !

« Acne » Asthma

* Hair Loss » Indigestion

* Infection  * Migraines

* Warls * Wrinkles
and Many Other
Common Allments

FLORA PESCHEK-BOHMER, PH.I).,
AND GISELA SCTIREIBER

T Hand and Z Rawles
175 24/09/2021 HealthTrain
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Urine

0.05% Ammonia
0.18% Sulphate
.12% Phos hate
.6% Chlori

01% Magnesnum
.015% Calcium
.6% Potassium
.1% Sodium
.1% Creatinine
.03% Uric acid
Urea

NOODOOOOOO
Nowamoom.

95% Water

T Hand and Z Rawles
HealthTrain
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Forward scatter
signal amplifier

-
Fluorescence

signal amplifier

L T

Hed semiconductor
laser

-
™

T Side scatter
Sheath reagent signal amplifier

Conductivity sensor

| |
Dilution and staining Dilution and staining
for bacteria analysis [:*\" <:] for sediment analysis

Urine sample

Flow cytometry

Figure 2-11 Diagram of urine particle analysis in the Sysmex




S_FSC S_FSC

S_FLLW2 B_FSC
S3 B1

S_FLLW B_FLH

Figure 2-14 Scattergram showing Sysmex UF 1000/ microscopy
results. (Image courtesy of Sysmex Corporation, Kobe, Japan.) @&




UF-1000i Signal Waveforms for Cells

Forward scattered Lateral fluorescent Lateral scattered
light waveform  light waveform  light waveform

S i i S
WBC f:::::::ﬁ::: 4
Bacteria [ 4

Epithelial cells Figure 2-13 UF1000i signal wavefort

for cells. (Image courtesy of Sysmex (4
Kobe, Japan) @
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automated analyzers

m The chemical and microscopic analysis of
urine can be performed manually or with
automated analyzers.

m In many laboratories, abnormal automated
findings are confirmed by manual technigues.




Microsocpic Techniques

m Examine within 2 hours of collection

m Correlation with physical and chemical
results

m FIRST

Scan using low (10X) power and report LPF
for certain elements

m SECOND

Scan high (40X) power and report as
Indicated
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Microscopic Exam

m The urine
specimen Is
centrifuged
and the liquid
portion Is
poured off.

m The
concentrated

cellular
sediment ....




able Macroscopic Screening and
“ Microscopic Correlations

Screening Test

Significance

Color

Clarity

Blood

Protein

Nitrite

Leukocyte esterase

Glucose

Blood

Hematuria versus hemoglobinuria/
myoglobinuria

Contfirm pathological or nonpatho-
logical; cause of turbidity

RBCs, RBC casts

Casts, cells

Bacteria, WBCs

WBCs, WBC casts, bacteria
Yeast
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Comparison of Standardized UA Systems

Count 10
Features System KOVA System URISYSTEM
(V-Tech Inc.) (ICL Scientific) | (Fisher Scientific)
Initial Volume 12 ml 12 ml 12 ml
Final vol. w/ sediment 0.8 ml 1.0 mi 0.4 ml
Sediment concentration 15:1 12:1 30:1
Volume sediment used 6 ul 6 ul 16 pl
Viewing area 36 mm? 32 mm? 90 mm?
# LPF’s (10x) 11 10 28
# HPF’s (40x) 183 163 459
Coverslip type Acrylic Acrylic Glass
#Specimens/slide 10 4,10 4
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Microscopic Examination of Urine

m Examination

- should correlate with physical and chemical dipstick,
may need to recheck

m Scanning - — 10-15 fields using low power (10X). Look
for casts, mucous, and sguamous epithelial cells in
general getting an overall feel

m Report squamous epithelial cells, crystals, mucous,
etc. using semi-quantitative terms such as rare, few,
moderate, or many (or trace, 1+,2+,3+, & 4+)
according to lab protocol.




Microscopic Examination of Urine

m Enumeration - quantitate. Method may
vary from lab to lab
Average number of RBC/hpf
Average number of WBC/hpf

Average number of any renal tubular or
transitional epithelial cells /hpf.




" S
Microscopic Examination of Urine

Average number (and type) of casts/ average # of casts

/npf

m authors have varied back and forth as whether low or
high power should be reported... use low power to
locate and enumerate the various types , but may
need to switch to high power to identify the type...

m Strasinger says report / Ipf (use hpf to ID)

Unorganized sediment — few, moderate, many, packed,
kinds seen

Note presence of bacteria, yeasts, crystals, epithelial cells
(covered), etc.
guantitate these also



" S
Microscopic Examination of Urine

m .Changes in urine sediment when allowed to stand

= important to keep in mind the changes in microscopic
structures that can occur (don’t forget the other chemical
changes ie bilirubin, pH, ketones)

RBC distorted — crenation, swelling, disintegration
WBC disintegrates in alkaline urine

Cast disintegrate in alkaline urine

Bacterial growth — increased alkalinity

Increased precipitation of crystals, especially amorphous



" A
Formed Elements: RBCs

m Appearance
hypertonic
hypotonic

m Differentiate from yeast, oill, etc..

m Correlate with physical examination



'_
Hematuria: RBC In Urine

m RBC's may appear
normally shaped, swollen
by dilute urine or
crenated by concentrated
urine.

m The presence of
dysmorphic (odd
shaped) RBC's in urine
suggests a glomerular

disease such as a
glomerulonephritis.
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RBC’'s Cont...




Dysmorphic red blood cells




Dysmorphic Erythrocytes.

S~



EXAMPLE OF PHASE-CONTRAST
MICROSCOPY TEST (non-glomerlar)

C



EXAMPLE OF PHASE-CONTRAST
MICROSCOPY TEST (glomerlar)
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Phase-contrast microscopy

to distinguish glomerular from post
glomerular bleeding

- post glomerular bleeding: normal size and
shape of RBC

- glomerular bleeding: dysmorphic RBC
(acanthocyte)



Red-cell casts indicate the presence of glomerular bleeding, a finding that is very specific but
rather insensitive. If no red-cell casts are found, urinary red-cell morphology should be
examined. The small, dysmorphic red cell (arrow) suggests a glomerular source,15 and the
uniform, biconcave disk shape of normal red cells (arrowhead) suggests nonglomerular
bleeding. Some have noted that dysmorphic or abnormally shaped red cells are not reliable
enough as a means for distinguishing a glomerular source of bleeding from a nonglomerular
source, particularly if mixtures of dysmorphic and normal-appearing red cells are seen.urinary
sediment shows normal red cells (arrow) and crenated red-cell forms with spicules (arrowhead).
Crenated red cells form in concentrated urine and are not diagnostically relevant. A more
specific finding with bleeding of glomerular origin may be the presence of a particular form of
abnormal red cells in the urine — acanthocytes doughnut-like cells with membrane blebs
attached . With meaningful acanthocyturia defined as the presence of acanthocytes accounting
for more than 5 percent of urinary red cells, the sensitivity of phase microscopy for detecting
glomerular hematuria was 52 percent in one large series in which glomerulonephritis was
documented with renal biopsy and 73 percent in another series, and the specificity for detecting
a glomerular source was 98 percent and 100 percent, respectively, in the two series. The
sensitivity and specificity of light microscopy for identifying acanthocytes have not been
reported; since most laboratories do not routinely identify acanthocytes, this
test should ideally be performed by an experienced laboratory technologist

alerted to look for acanthocytes or by a nephrologist.



Question

m An otherwise healthy 48-year-old woman is found
to have microscopic hematuria (5 red cells per
high-power field) on a urinalysis performed by a
life iInsurance company. No casts are detected. No
other laboratory abnormalities are identified; the
serum creatinine concentration is 0.8 mqg per

deciliter (70.7 pmol per

iter). T

ne woman reports

no symptoms and is a nonsmoker. Her blood

pressure is 118/74 mm

Hg, anc

the findings on

physical examination are normal. What is the most

appropriate next step?
A. CT scan

B. Refer for cystoscopy

C. Obtain urine cytology

D. Repeat UA in 3 months



I
Answer

m An otherwise healthy 48-year-old woman is
found to have microscopic hematuria (5 red
cells per hi%h-power fileld) on a urinalysis
performed by a life insurance company. No
casts are detected. No other laboratory
abnormalities are identified; the serum
creatinine concentration is 0.8 mg per deciliter
(70.7 pmol per liter). The woman reports no
symptoms and is a nonsmoker. Her blood
pressure is 118/74 mm Hg, and the findings on
physical examination are normal. What is the
most appropriate next step?

A. CT scan : o
B. Refer for cystoscopy Objective:
C. Obtain urine cytology To Manage

D. Repeat UA in 3 months Hematuria



Approach to Hematuria

Pertinent history and perform a physical examination.

Anticoagulant therapy alone does not cause hematuria, except in
the case of a marked overdose of warfarin.

Evaluate urine for bacteriuria and pyuria.
If either is present, a urine culture should be ordered

Measure serum creatinine to evaluate for renal insufficiency.

If proteinuria is detected on dipstick testing, the ratio of the
urinary protein concentration to the urinary creatinine
concentration, in milligrams per deciliter, should be determined, or
a 24-hour urine collection should be obtained for measurement of
total protein excretion.

Clinically significant proteinuria (a ratio of urinary protein to urinar
creatinine of more than 0.3 or 24-hour urinary protein excretion o
more than 300 mg) points to the kidney as a source of
microscopic hematuria



Evaluation of Microscopic Hematuria

Urine dipstick test positive
for microscopic heme

¥

Workup ends (unless
there are risk factors
for bladder cancer)

Repeated wrine dipstick
testing (several days later)

0]

¥

; : . Evaluation for
Micrascopical exarmination — hem:glr;hinuris

of urine = i
! ar mysglobinuria

'
' '
Acanthocytes or
red-cell casts

Isomerphic red cells

Glomerular hematuna Nenglemernular hematuria

' ' ' '

Isolated microscopic Prateinuria or renal ) Wey Referral based
hematuria insufficiency ek =X s on lesion
A
Periodic medical follow-up Cytologic analysis of urine
(for onset of proteinuria Nephrolegy referral {3 serial first morning —G}—F Cystoscopy
or renal insufficiency) specimens)

1 - '
=507 of age or risk factors <50 ¥ of age without risk
far bladder cancer factors for bladder cancer

Cystoscopy Workup ends




HEMATURIA







According to the amount of RBC In the
urine, hematuria can be classified as:

= microscopic hematuria:
normal colour with eyes
m gross hematuria:
tea-colored, cola-colored, pink or

even red



DEFINITION HEMATURIA

More than three red blood cells are
found In :

centrifuged urine per high-power
field microscopy ( > 3 RBC/HP).



"
LABORATORY TESTS

Three-glass test
Method: collecting the three stages of urine of
a patient during micturition
Result:
= the initial specimen containing RBC—the urethra
- the last specimen containing RBC—the bladder
neck and trianglar area, posturethra
all the specimens containing RBC—upper urinary
tract, bladder



. Eormea E‘ements: WBC’s

m Look-alikes:
m Eosinophiluria

m Lymphocytes
m Monocytes and Macrophages



Microscopic Examination
Pyuria: WBC In Urine

m Normal: (3,

1Men: <2 WBCs per
hi power field

TWomen: <5

m WWBC generally
Indicate the presence
of an inflammatory
process somewhere
along the course of
the urinary tract

217



Pyuria

m Pyuria is present in 96% of symptomatic patients
with bacteriuria of 100,000 cfu/mL

m >5 WBCs / hpf (x40)
50 -100 WBCs / mm3

m Pyuria may be absent in symptomless
bacteriuria (eg in pregnancy) and neutropenia,
and apparently absent in UTI caused by Proteus
species as a result of leukocyte lysis at alkaline

pH




=
Pyuria

Pyuria without apparent bacteriuria (ie no growth
on routine culture media) may also be a result of

Prior treatment with antimicrobial agents
Extreme frequency

Infection with fastidious organisms
Sexually transmitted diseases

Renal tuberculosis



POLYMORPHONUCLEAR
LEUKOCYTES







WBC’s Cont...
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Macrophage




Neutrophils with dilute acetic acid (x100)



Eosinophiluria & hanssel stain
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Hansel secretion stain (methylene blue and eosin-Y in methanol, Libe
Labs, Florissant, MO) has also been shown to be an excellent stain for
recognition of eosinophiluria
Appropriately stained, bilobed eosinophils may be noted in patients with
tubulointerstitial disease associated with hypersensitivity to drugs
such as penicillin and its analogues
Eosinophiluria is also seen in other acute disorders of the genitourinary
tract, with small numbers seen in urinary tract infections and renal
transplant rejections.
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Epithelial cell

m Sguamous epithelia
C1Large flat cell with central oval nucleus

m Transitional (bladder) epithelia
1Spindle shaped with large oval nucleus
“1Maybe In sheet

m Renal tubular epithelia

—1Small cell with large oval nucleus
“1Most clinically significant



Comparison of Epithelial Cells from the Urinary Tract

CrITACcLIAL CELL P ) AN =
TYPE (DIAMETER) SHAPE NUCLEUS
Squamous Thin, flagstone shape, with distinct Small (approx. 8 um), centrally
40 - 60pum edges. Large amount of cytoplasm with located, can be anucleated.
fine granulation that increases with
age.
Variable, depending on cell layer. Small (8 - 14um), centrally
Transitional Superficial layer: large, round or located, oval to round with
(urothelial) 20 - 40um pear shape; Intermediate layer: variable density in the chromatin
smaller and rounder; Deep basal pattern
layer: small and can be elongated or
columnar-like. Cell edges are
distinct and appear “firm”.
Renal Tubular Epithelial Cells
. Variable. Polygonal or cuboidal from Large, moderately dense, round
Collecting duct cells 12 - 20um small ducts; columnar from larger nucleus that takes up approx.
K ducts. Relatively smooth cytoplasm 2/3’s cytoplasm. Columnar cells
the nucleus is usually slightly
T eccentric.
Distidl CUlvoiluteu i A
tubular cells 14 - 25um Oval to round with grainy Small, round,_dense nucleu_s,
cytoplasm. centered or slightly eccentric.
Proximal convoluted Oblong or cigar-shaped. These cells Small, round, dense nucleus:;
tubular cells 20 - 60um have a large amount of grainy eccentric; can be
cytoplasm. Cell edges are not multinucleated.

sharply defined. They can resemble
casts.



Squamous cells

Source
Exfoliation of the epithelium of urethra and vagina

Appearance
The largest cells of the urine sediment, with a large
cytoplasm containing few organelles

Clinical meaning
Small amounts 2 a normal finding

Large amounts - contamination of the urine from
genital secretions




Formed Elements: Epithelial Cells

m Presence:

m Squamous Epithelial Cells
Most Common
Largest






Squamous Epithelal Cells
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Squamous epithelial cell. Pyridium stained (x200).







Superficial
transitional cells

* Oval or round shape
' Diameter 17 to 43 ym

* Oval or round nucleus in
central or slightly
eccentric position




Deep
transitional cells

mostly ovoid or club-like
shape

longitudinal diameter
11 to 38 ym

central or peripheral
nucleus

thin cytoplasm




Transitional epithelial cells

SUPERFICIAL CELLS
Mild uroepithelial
damage (e.g.,cystitis)

Clinical
meaning

DEEP CELLS
Severe uroepithelial
damage

/N



Transitional epithelial cells. Papanicolaou
stained %430







Renal Tubular Epithelial Cells

m Each renal tubule is lined with a single
layer of a characteristically different
epithelium

Convoluted Renal Tubule

m Proximal convoluted tubular cells
m Distal convoluted tubular cells

Collecting Duct Cells






Renal tubular epithelial cells
(%200).
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Leukocytes

m Pus, or pyuria

m May indicate urinary tract infection UTI If
more than 10/HPF

m Glitter cells In dilute alkaline urine







Pyuria




"
Erythrocytes
m Hematuria may indicate renal damage

m Menstrual contamination
m May be crenated or ghost cells



Hematuria




Oval fat body (%160).




Oval Fat

Bodies Cont...



FOUR TYPES OF
FATTY PARTICLES

1. Free lipid droplets (isolated or
in aggregates)

2. Oval fat bodies
3. Fatty casts

4. Cholesterol crystals



Clinical meaning of fatty particles

MARKED PROTEINURIA
/ (glomerular diseases)

Clinical conditions
associated with
fatty particles

\ LIPID STORAGE DISEASE
(Fabry disease)



Fatty particles in Fabry disease

Phase contrast: irregular shapes, protrusions, spiral
internal pattern
Polarized light: irregular or truncated Maltese crosses




1. LIPID DROPLETS

Phase contrast Polarized light



2. "OVAL FAT BODIES”

Phase contrast Polarized light



Oval fat body with attached fat
droplets. Brightfield (x160).

./‘




3. FATTY CAST

Phase contrast Polarized light



4. CHOLESTEROL
CRYSTAL




Urine cast






CASTS

Formation —s Distal tubules and
collecting ducts of

the kidneys

Matrix —> Tamm-Horsfall
glycoprotein

Different — Different clinical
fypes meanings
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IMPORTANT TAKE HOME
MESSAGE ABOUT CASTS

Since casts form
WITHIN THE KIDNEYS
whatever particle is contained

in a cast
COMES
FROM THE KIDNEYSH!



RBC
Glomerulonephritis

Hyaline
Caused by
Low pH, High SG
and Slow Urine Flow

WBC Renal Epi.
Pyelonephritis Tubular Damage

Course and Fine Granular
Chronic Diseases

Waxy Casts
Renal Failure




Classification of casts

Type Subtype
Hyaline =
Granuiar Coarsely granular
Waxy oo
Erythrocytic
Cellular Leukocytic
Containing renal tubular epithelial cells (epithelial casts)
Fatty
Containing crystals
Containing microorganisms .
Haemoglobinic
Pigmented Myoglobinic
Bilirubinic
Hyaline-granular
Granular-waxy
Mixed Granular-cellular
Granular-tatty
Etc.

From: Fogazzi GB. The Urinary Sediment an Integrated View 3rd Ed.
Milano, Elsevier, 2010



"
Classification of Casts
m Classified microscopically based on

composition of matrix and the type of
substances or cells enmeshed in them.

Homogenous: hyaline, waxy

Cellular Inclusion: RBC, WBC, RTE, Mixed
cells, Bacteria

Other inclusions: granular, fat globules
(cholesterol or triglycerides), hemosiderin
granules, crystals

Pigmented: bilirubin, hemoglobin,
myoglobin

Size: broad



Factors favouring cast formation

Conditions reducing colioid stabiity

of Tamm-Horsfall Giycogrotein (THG)
’Ulinuyoomutaionof.
electrolytes, hydrogen ons,
ultrafiltered protsins, THG
Interaction of THG with
haemogiobin, myogiobin,
Bence-Jones protein,
radiocontrast media

v
In¥atutudar
l— 9“ —l
No parbcies in the
fubutar kamen

Particles in he tubulior
umen (cells, proteins, ipids, tc.)

B i

HYALINE CASTS

COMPLEX CASTS

From: Fogazzi 6B. The Urinary Sediment an Int
Milano, Elsevier, 2010

egrated View 3rd Ed.




Clinical meaning of the
different types of casts

Cast  Clinical meaning | Clinical conditions

Hyaline Variable Normal subjects
After physical excercise
During episodes of fever or dehydration
Acute congestive heart failure
All renal diseases

Granular Renal disease Acute tubular necrosis
Glomerulonephritis

Waxy Renal disease Renal failure (acute or chronic)
Glomerular diseases (especially
amyloidosis and acute post-infectious GN)

Erythrocytic Glomerular bleeding Glomerulonephritis, especially
(mostly) proliferative types
Acute interstitial nephritis (rare)




Clinical meaning of the
different types of casts

Clinical meaning Clinical conditions

Leukocytic Renal inflammation Pyelonephritis
Acute interstitial nephritis
Active proliferative GN

Epithelial Severe tubular damage Acute tubular necrosis
Acute interstitial nephritis
Glomerular disease

Fatty Proteinuria GN with variable proteinuria,
especially in nephrotic range
Containing crystals Precipitation of crystals Crystalline nephropathies

within the tubular lumen



Clinical meaning of the
different types of casts

Containing
microorganisms

Haemoglobin

Myoglobin
Bilirubin

Mixed

Clinical meaning

Infection of the kidney

Renal bleeding
Intravascular haemolysis

Tubular damage caused by
myoglobin

Tubular damage caused by
bilirubin

Variable according to the
components they contain

Clinical conditions

Acute pyelonephritis
Visceral candidiasis

G| omerulonephritis
Intravascular haemolysis

AKI associated with
rhabdomyolysis

Jaundice

Variable according to the
components they contain



Hyaline Casts
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These are the most frequently observed casts, consisting almost entirely of Tamm-

Horsfall protein; zero to two hyaline casts per low power field (Ipf) is considered normal.

Hyaline casts are translucent with brightfield microscopy, pink with supravital staining,
and are more easily visualized with phase-contrast microscopy.

Increased numbers are seen with renal diseases and transiently with exercise, heat
exposure, dehydration, fever, congestive heart failure, and diuretic therapy.




" A
A,Hyaline casts. Brightfield (x100). B, Hyaline
casts. Phase-contrast microscopy (*100)
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Waxy Casts (g Cows
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With chronic renal diseases, some casts become denser in appearance and are
known as waxy.

These differ from hyaline casts in that they are easily visualized because of
their high refractive index. With brightfield microscopy, waxy casts are

homogeneously smooth in appearance with Sharp margins, blunted ends,
and cracks or convolutions frequently seen along the lateral margins,

indicating a measure of brittleness.
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Waxy Casts
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Granular cast



Granular cast (x200).

Oj.é.&':'.
B :f\.-‘ “a
s .k ‘};‘{\{f

e

TSI

[
5 5"‘
WISA




'_
Granular Casts Cont...
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Fine Granular Casts
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Coarse Granular Cast




Erythrocyte (RBC) Cast e Jgulf cuus
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RBC string Cast
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Erythrocytic cast
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RBC Cast










Erythrocyte cast (x200).

o9
PR
-
-
»
"-




Hemoglobin cast (x200).




Leukocyte (WBC) Casts tdw Jglf s
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White blood cell casts are refractile, exhibit granules, and frequently
multilobated nuclei will be visible unless disintegration has begun. Phase-

contrast microscopy may be helpful in delineating nuclear segmentation.
Supravital stains also enhance their visualization.

most common disease of this category is pyelonephritis. They are also seen
with interstitial nephritis, lupus nephritis, and even in the nephrotic
syndrome.
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Leukocyte cast. Papanicolaou
stained (%200).







Renal
tubular
epithelial

cell cast
("epithelial
cast”)







Mixed (leukocyte and renal epithelial tubular
cell) cast (%x200).




Renal Casts

m Cylindruria
Renal stasis
Acidic pH
Proteinuria
Concentrated urine

m Tamm-Horsfall mucoprotein matrix
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Renal Cast
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Fatty Casts (o «ws
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m Fatty material is incorporated into the cast
matrix from lipid-laden renal tubular cells.
These are commonly seen when there is
heavy proteinuria and are a feature of
nephrotic syndrome




Fatty Cast







Cast containing crystals




Bacterial cast
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Haemoglobin cast




gromiion Haemoglobin-

granular

Waxy-
erythrocytic




Pigmented and Broad Casts

m Hyaline matrix with pigment incorporated
hemoglobin
myoglobin
bilirubin

m Broad Cast - dilated convoluted tubule or
In collecting ducts



Urine crystals
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CLINICAL IMPORTANCE
OF "COMMON" CRYSTALS (I)

* In most instances, UA, Ca-0Ox, and Ca-P crystals
are due to a transient supersaturation of the urine
caused by foods, dehydration, or changes of urine pH
and/or temperature upon standing

* However, especially when they are persistent, large
and in aggregates they may be associated with
metabolic disorders such as hyper-calciuria, -oxaluria,
or -uricosuria

* Triple phosphate crystals are associated with UTI
caused by urea-splitting bacteria (eg, Ureapl/asma or
Corynebacterium urealyticum)



CLINICAL IMPORTANCE
OF "COMMON" CRYSTALS (II)

Acute kidney injury
associated with crystalluria:

< Acute urate nephropathy
(uric acid)

» Ethylene glycol poisoning
(calcium oxalate)



Phase contrast Polarized light



Massive oxalic
crystalluria
after ethylene

glycol
ingestion




b. Pathological crystals

- CHOLESTEROL
+ CYSTINE
+ 2,8-DI-HYDROXYADENINE

- LEUCINE

— Very rare (liver disease

- TYROSINE and inherited disorders)
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Common Crystals in Acid pH

m Amorphous urate
Orange powder
May clear with warming or saline
m Uric acid
Brown lemon shaped or star shaped
Birefringent with polarized light

m Calcium oxalate
Envelope



Urinary Crystals

O crystals form after urine sits
urinary solutes precipitate(ppt) out of solution

MOST are clinically INsignificant

Generally clinically significant crystals are present
on freshly voided urine (body temp.)

Crystal composition may imply urinary calculi
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Uric acid (normal acid crystal)
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Description:Common; yellow, red-brown. brown; large variety of shapes -

rhombic, four-sided plates, rosettes, ‘whetstones' lemon shapes; rarely,
colorless hexagonals

Urine pH where found : Acid(+) / Neutral (-) / Alkaline (-)
Solubility characteristics :Soluble in alkali: insoluble in alcohol and acids;




Uric acid crystal
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AMORPHOUS URATES (U-pH <5.8)
AMORPHOUS PHOSPHATES (U-pH 6.2-7.0)

By phase contrast, amorphous urates and phosphates are
identical (A), however the former polarize light (B) while
phosphates do not
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MONOHYDRATED BIHYDRATED
CALCIUM OXALATE CALCIUM OXALATE
-pH 5.4 - 6.
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Calcium Oxalate
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m Description :Dihydrate — common; colorless; small
refractile octahedron

m Urine pH where found: Acid(+) / Neutral (+) / Alkaline (-)
m Solubility characteristics :Soluble in dilute HCI
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Ca oxa crystal




Ca . oxallate
normal acid crystal
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Common Crystals in Alkaline pH

m Amorphous phosphate
White powder
May clear with saline

m Triple phosphate
Coffin lid

B Ammonium biurate
Thorn apple

m Calcium carbonate
Effervesce with SSA
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Triple Phosphate



TRIPLE PHOSPATE (U-pH 6.2 - 7.0)

Phase contrast Polarized light
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m Description

m Common form: colorless: three- to six-
sided prisms, ‘coffin lids®

L
m Urine pH where found
m Acid(-) / Neutral (+) / Alkaline (+)

m Solubility characteristics
m Soluble in dilute acetic acid
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Calcium phosphate (fine sheaves)
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Calcium Carbonate






Ammonium Biurate




Ammonium biurate
normal alkaline crystal

m Description

m Common in ‘old’ urine; dark yellow or brown;
spheres or ‘thorn apples'’
spheres with horns

m Urine pH where found
m Acid(-) / Neutral (+) / Alkaline (+)

m Solubility characteristics

m Soluble at 60°C with acetic acid; soluble
strong alkali; change to uric acid with
concentrated hydrochloric or acetic acid




Cystine crystals CYSTINURIA

- Autosomic recessive disease

- Clinical phenotype: Renal

stone disease with possible
CKD

- CYSTINE CRYSTALS:

» pathognomonic of the
disease

» found in acidic urine and

are insoluble up to a pH
of 7.4










Cystine crystals Cystine stones




Cystinuria.
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m Cystinuriais acommon amino acid disorder that occurs
equally in both sexes, with an incidence estimated at about
1 per 10 000 (homozygous) and in larger numbers for
heterozygotes. In mass screening programs for infants, the
homozygous form is detected at about the same rate as
phenylketonuria. The defective transport of cystine by the
epithelial cells of the renal tubules and gut is transmitted
as an autosomal recessive trait. The basic defect is not
known. Although large amounts of the dibasic acids,
ornithine, lysine, and arginine, are also excreted in this
disease, cystine is the only one that crystallizes out, with
stone formation as a clinical manifestation.




Cystine (hexagonal, laminated)
Abnormal acid crystal

m Description

m Colorless; hexagonal
rapidly destroyed

plates, often laminated,
by bacteria; may be

confused with uric acid, but cystine is
soluble in dilute hydrochloric acid

m Urine pH where found
m Acid(+) / Neutral (-) / Alkaline (-)

m Solubility c
m Soluble in alkali (es

dilute HCI: inso

acetic acid, alcohol

naracteristics
pecially ammonia) and

uble in boiling water,
ether; apply cyanlde—

nltropru55|de reaction




Cystine (hexagonal, laminated)
Abnormal acid crystal
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Cystinuria diagnosis
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Procedure sodium nitroprusside test

= 1. Place 3-5 mL urine in atest tube and add 2.0
mL sodium cyanide solution (5 g/dL water) and
allow to stand for 10 minutes. Timing IS important.
Treat a control solution in the same way. For a
positive control, use 5 mg cystine dissolved
In 10 mL 0.1N HCI, diluted to 100 mL with

normal urine.

m 2. Addfresh, agueous sodium nitroprusside
solution (5 g/dL) dropwise (about five drops), and
mix.

m 3. Read immediately as positive or negative. A
stable red-purple color will develop with cystine.
‘Trace' results may also be reported. A
concentrated normal specimen could give a
weakly positive ‘trace’ result







Tyrosine Abnormal acid crystal
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Description:Rare; colorless or yellow, appears black with focusing; fine
silky needles in sheaves or rosettes
Urine pH where found: Acid(+) / Neutral (-) / Alkaline (-)

Solubility characteristics :Soluble in alkali, dilute mineral acid, relatively
heat soluble; insoluble in alcohol, ether




Tyrosine







Cea el JUw S Leucine crystals
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m These crystals are also rare, appearing as yellow, oily-
appearing spheres with radial and concentric striation.

They are soluble in both acids and alkalis. Leucine

and tyrosine crystals may occur together; leucine may

be precipitated with tyrosine crystals If alcohol is
added to the urine.
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Abnormal Crystals of

latrogenic Origin

m Sulfonamides
Renal damage as these ppt out in nephron

Acidic pH, yellow to brown, needles in
sheaves but have a variety of shapes

m Ampicillin
High dose
Acidic pH, thin colorless needles



Sulfadiazine
drug crystal

m Description
m Brown; dense globules
m Urine pH where found

m Acid(+)/ Neutral (-) / Alkaline (-)
m Solubility characteristics
m Soluble in acetone




Sulfadiazine (%160).

)




Sulfonamides

7




Ampicillin (x160).




Ampicillin crystal
drug crystal

m Description

m Uncommon — from high dose of drug;
colorless; long prisms that form clusters,
sheaves

m Urine pH where found
m Acid(+) / Neutral (-) / Alkaline (-)




Radiographic media (meglumine diatrizoate)

drug acl

d crystal

m Description

m Intravenous: colorless; thin, rhombic plates,
some with notch, resemble cholesterol plates;
elongated crystals

m Urine pH where found
m Acid(+) / Neutral (-) / Alkaline (-)

m Solubility c

m Solublein 10% NaO
and ch

naracteristics
H: Insoluble In ether

oroform:

m high specific gravity in urine: polarizes with
Interference colors




Renografin (meglumine diatrizoate).
Brightfield (x160).

po—g




Radiologic
Dye
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Cholesterol crystal

Acidic pH, colorless, large, flat, rectangular
plates with one or more corners notched.

May be mistaken for radiologic dyes
m Specific gravity
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Bilirubin Crystals




Bacteria




Yeasts
(most commonly Candida species)

m Yeasts (most commonly Candida species) may
be causative agents in urinary tract infection
(e.g., in diabetes mellitus), but yeasts are also
common contaminants from the skin, female
genital tract, and the air.

m  On microscopic examination, they may be
confused with erythrocytes; the presence of
budding helps to identify them as yeast cells




east Cont...




Candida. Budding yeasts (x200)




Candida. Pseudohyphae (x160).







Schistosoma haematobium

See presentation by Dr. 6.B. Fogazzi:
“Urinary profiles”
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SUMMARY 7-4 Miscellaneous Structures

Bacteria

Yeast

Trichomonas

Spermatozoa

Mucus

Appearance

Small spherical and
rod-shaped structures

Small, oval, refractile
structures with buds
and/or mycelia

Pear-shaped, motile,
flagellated

Tapered oval head with
long, thin tail

Single or clumped
threads with a low
refractive index

Sources of
Error

Amorphous
phosphates
and urates

RBCs

WBCs, RTE cells

None

Hyaline casts

Reporting

Few, moderate, or many
per hpf; the presence of
WBCs may be required

Rare, few, moderate, or
many per hpf; the pres-
ence of WBCs may be
required

Rare, few, moderate, or
many per hpf

Present, based on labora-
tory protocol

Rare, few, moderate, or
many per [pf

Complete Urinalysis
Correlations

pH

Nitrite

Leukocyte esterase (LE)
WBCs

Glucose

E
WBCs

—

LE
WBCs
Protein

None



Jhal @L& W oAl sa gl g Ly usdy )

£ 983 Ay 1o Ragll Lol jaa ALS W Jolw g Sae sl 43 -1
DA (S35 Jia Ay L1 Qg o3 ased sLlia -2

oald Jgad ja GALE 0a S 4 Glg saldia -3

DA ) e b S Sl b Gl g ) (oAl QLS 4G caaliia -4
(R e ldd 36a ) ALEA p3 Hed 05 Bl e b L ADd ) () s

9 ) paliS sagll o el Al A (ESSd a3 e Aduldl 4l -5
Al 4318 | 3L a pSuh iy S T gl 00k dugh Al il ol

0 i Bk us8 ilia 3 g Gl pla Ll 9 QLA 3 Qg g S ) 9

S bl el goagy K0 Ysara g ol clle ula 4l alls
AL s Jad Jsl8

W a S b JUkl )3 L oali€ a )i Ll cullsy gl ) (odl (£ g, @l ke -6
01 il a8 J gl Lo puad W Jolu sla 40 W ald Ja JU 1 g

A gl 4



Contaminants and Artifacts in urine

m Partly digested muscle fibers or vegetable cells may
be found when there is fecal contamination .

m Spermatozoa are occasionally present, and pollen
grains contaminate specimens seasonally.

m Fibers from many different sources may be seen,
Including cotton, hair, wood fibers from applicator
sticks, and synthetic fibers from disposable diapers.

Unlike casts, these fibers polarize brightly.

m Oll droplets from catheter lubricants may be confused
with cells, especially red cells.

m Lipid material from vaginal creams also forms
droplets in urine and may form large amorphous
aggregates
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Artifacts




Starch granule (x160).
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Muscle fiber (%x200).







More Artifacts




Artifacts Cont...




Artifacts Cont....




Platelets In urine

m Up to 30 000/uL have been demonstrated
by phase-contrast microscopy and
confirmed by electron microscopy In the

urine of patients with hemolytic-uremic
syndrome




Parasites In urine

m 1-Trichomonas vaginalis may be present in urine as a
result of vaginal contamination, urethral or bladder
Infection can occur and, when suspected, the protozoa
should be searched for immediately in a wet
preparation of the sediment. Motility of the organism Is
helpful iIn making the appropriate identification.

m 2- Schistosoma haematobium, typical ova are shed
directly into the urine accompanied by erythrocytes
from the urinary bladder.

m 3- Amebae Entamoeba histolytica are rarely seen in
the urine; these may reach the bladder from
lymphatics or more likely from fecal contamination of
the urethra










