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Composition of human urine

v Water - 96%
v Urea - 2%

v Uric acids, creatinine, pigments- 0.3%

v Inorganic salts - 2%
v Pale yellow color due to urobilinogen, ... (which is a breakdown

product of hemoglobin)
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The
Pre-analytical

L.aboratory

Errors Errors in

Urinalysis
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Errors
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Laboratory Errors

The Laboratory Cycle

Examination
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Laboratory Errors Physician’s

brain

» Action » Qutcome

=,

Clinical question
A
1. Test selection

9. Interpretation

2. Test request A
Pre-pre-
¥ analytical
3. Sample i
collection <
Pre- ~ * Post
S analytical - analytical .
4. ldentification - 8.Reporting

Ana'Yt'cal 4 /
5. Sample transport j

N
6. Sample preparation

"% 7. Sample
analysis
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Laboratory Errors

Patient/Client Prep

Sample Collection

é’

© Data and Lab
Ca Management
<F Safety

Customer
Service

post

Quality Control ple Transport

Testing
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Laboratory Errors

Pre Analytical
- Analytical Post Analytical

w O Y -

B Preanalytical
Post Analytical
B Analytical

Analytical (8-15%)

Postanalytical (15-25%)

Preanalytical (60-70%)
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Common Pre-analytic Errors

TABLE 3.1

Phase

Before Collection

During Collection

After Collection

Error

—

S e

g =

. Incorrect test ordered
. Inadequate patient preparation (e.g., not fasting,

recent heavy meal—lipemia) or improper timing
(e.g., trough drug level drawn too early)
Misidentification of patient

Wrong container/wrong additive
Short draws/wrong anticoagulant/blood ratio

. Hemoconcentration from prolonged tourniquet

time

. Hemolysis due to incorrect technique (e.qg., forc-

ing blood through needle, draw via intravenous
line)

Inadequate mixing/clots

. Mislabeling of specimen
. Improper transport to lab: Exposure to light/ex-

treme temperatures or delayed delivery
Processing errors: Incomplete centrifugation,
incorrect log-in, improper storage or aliquoting
prior to analysis
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The
Pre-analytical

Errors in
Urinalysis
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The Pre-analytical Errors in Urinalysis
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The Pre-analytical Errors in Urinalysis
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The Pre-analytical Errors in Urinalysis
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The Pre-analytical Errors in Urinalysis

TABLE 29.3

Alcohol, ethyl
Anthraquinone laxatives (senna, cascara)

Chlorzoxazone (Paraflex; muscle relaxant)
Deferoxamine mesylate (Desferal; chelates
iron)

Ethoxazene (Serenium; urinary analgesic)
Fluorescein sodium (given IV)

Furazolidone (Furoxone, Tricofuron; an
antibacterial, antiprotozoal nitrofuran)

Indigo carmine dye (renal function, cys-
toscopy)

Iron sorbitol (Jectofer; possibly other iron
compounds forming iron sulfide in urine)
Levodopa (L-dopa; for parkinsonism)
Mepacrine (Atabrine; antimalarial, intesti-
nal worms, Giardia)

Methocarbamol (Robaxin; muscle relaxant)
Methyldopa (Aldomet; antihypertensive)

Methylene blue (used to delineate fistulas)
Metronidazole (Flagyl; for Trichomonas
infection, amebiasis, Giardia)
Nitrofurantoin (Furadantin; antibacterial)
Phenazopyridine (Pyridium; urinary an-
algesic), also compounded with sulfon-
amides (e.g., Azo Gantrisin)

Phenindione (Hedulin; anticoagulant. Im-
portant to distinguish from hematuria)

Phenol poisoning

Phenolphthalein (purgative)

Phenolsulfonphthalein (also sulfobro-
mophthalein)

Rifampin (Rifadin, Rimactane; tuberculosis
therapy)

Riboflavin (multivitamins)

Sulfasalazine (Azulfidine; for ulcerative
colitis)

Color

Pale, diuresis

Reddish, alkaline; yellow-
brown, acid

Red
Red

Orange, red
Yellow
Brown

Blue
Brown on standing

Red then brown, alkaline
Yellow

Green-brown

Darkens; if oxidizing agents
present, red to brown

Blue, blue-green
Darkening, reddish brown

Brown-yellow
Orange-red, acid pH

Orange, alkaline; color
disappears on acidifying
Brown; oxidized to qui-
nones (green)
Red-purple, alkaline pH
Pink-red, alkaline pH

Bright orange-red

Bright yellow
Orange-yellow, alkaline pH
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The Pre-analytical Errors in Urinalysis

TABLE 29.3
*
Drug Color
Alcohol, ethyl Pale, diuresis
Anthraquinone laxatives (senna, cascara) Reddish, alkaline; yellow-
brown, acid
Chlorzoxazone (Paraflex; muscle relaxant) Red
Deferoxamine mesylate (Desferal; chelates Red
iron)
Ethoxazene (Serenium; urinary analgesic) Orange, red
Fluorescein sodium (given V) Yellow
Furazolidone (Furoxone, Tricofuron; an Brown
antibacterial, antiprotozoal nitrofuran)
Indigo carmine dye (renal function, cys- Blue
toscopy)
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The Pre-analytical Errors in Urinalysis

Iron sorbitol (Jectofer; possibly other iron
compounds forming iron sulfide in urine)

Levodopa (L-dopa; for parkinsonism)

Mepacrine (Atabrine; antimalarial, intesti-
nal worms, Giardia)

Methocarbamol (Robaxin; muscle relaxant)
Methyldopa (Aldomet; antihypertensive)

Methylene blue (used to delineate fistulas)

Metronidazole (Flagyl; for Trichomonas
infection, amebiasis, Giardia)
Nitrofurantoin (Furadantin; antibacterial)
Phenazopyridine (Pyridium; urinary an-
algesic), also compounded with sulfon-
amides (e.g., Azo Gantrisin)

Phenindione (Hedulin; anticoagulant. Im-
portant to distinguish from hematuria)

Phenol poisoning

Brown on standing

Red then brown, alkaline
Yellow

Green-brown

Darkens; if oxidizing agents
present, red to brown

Blue, blue-green
Darkening, reddish brown

Brown-yellow
Orange-red, acid pH

Orange, alkaline; color
disappears on acidifying
Brown; oxidized to qui-
nones (green)
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The Pre-analytical Errors in Urinalysis

Methylene blue (used to delineate fistulas) Blue, blue-green

Metronidazole (Flagyl; for Trichomonas Darkening, reddish brown

infection, amebiasis, Giardia)

Nitrofurantoin (Furadantin; antibacterial) Brown-yellow

Phenazopyridine (Pyridium; urinary an- Orange-red, acid pH

algesic), also compounded with sulfon-

amides (e.g., Azo Gantrisin)

Phenindione (Hedulin; anticoagulant. Im- Orange, alkaline; color

portant to distinguish from hematuria) disappears on acidifying

Phenol poisoning Brown; oxidized to qui-
nones (green)

Phenolphthalein (purgative) Red-purple, alkaline pH

Phenolsulfonphthalein (also sulfobro- Pink-red, alkaline pH

mophthalein)

Rifampin (Rifadin, Rimactane; tuberculosis Bright orange-red

therapy)

Riboflavin (multivitamins) Bright yellow

Sulfasalazine (Azulfidine; for ulcerative Orange-yellow, alkaline pH

colitis)
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Changes in Urine with Delayed Testing
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Changes in Urine with Delayed Testing
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Changes in Urine with Delayed Testing

TABLE 3.6
Result Reason
Changes in color Breakdown or alteration of chromogen or
other urine constituent (e.g., hemoglobin,
melanin, homogentisic acid, porphyrins)
Changes in odor Bacterial growth, decomposition
Increased turbidity Increased bacteria, crystal formation, pre-
cipitation of amorphous material
Falsely low pH Glucose converted to acids and alcohols
by bacteria producing ammonia; carbon
dioxide (CO,) lost
Falsely elevated pH Breakdown of urea by bacteria, forming
ammonia
False-negative glucose Utilization by bacteria (glycolysis)
False-negative ketone Volatilization of acetone; breakdown of
acetoacetate by bacteria
False-negative bilirubin Destroyed by light; oxidation to biliverdin
False-negative urobilino- Destroyed by light
gen
False-positive nitrite Nitrite produced by bacteria after specimen
is voided
False-negative nitrite Nitrite converts to nitrogen and evaporates.
Increased bacteriuria Bacteria multiply in specimen before
analysis.
Disintegration of cells/casts  Unstable environment, especially in alkaline
urine, hypotonic urine, or both
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+¢* Patient preparation and sampling procedures

v’ The clinical laboratory is responsible for providing the correct information regarding
optimal patient preparation and best collection procedure. Informing the patient goes
far beyond only explaining the practical aspects of urine collection.

v’ The effects of possible confounding factors (e.g. diuresis, dietary intake, physical
exercise, ...) should be stressed.

v" If necessary illustrated instructions for sampling may be provided . This may include
information about first morning urine, washing of the outer genitals with water and

time of collection, if timed urine is to be collected.

The Pre-analytical Errors and Challenges of Routine Urinalysis <Z] Amin_Solouki {@ AminSolouki



ol CuiS diges 559! oz 31 S Hlows Solol Layl i

+s» Which precautions should be implemented?

v" Minimizing contamination is already achievable by implementation of simple
precautionary measures.

v' Washing the glans penis of men or the introitus of women results in a 20% reduction of
false positive urine cultures .The use of antiseptics or soap cannot be recommended due
to the influence on the viability of bacteria.

v' When deciding the best procedure, the patient's characteristics (suspected

microorganisms or presence of a urinary catheter) should be taken into consideration.
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Which precautions should be implemented?

v' Sample quality can only be warranted if standardized instructions for urine collection are
available. Midstream portions or clean-catch urine of first morning urine samples collected in a

sterile container are the most commonly obtained specimens in clinical practice. However,

overnight bacterial growth in the bladder may affect casts and cells.

v" Morphological studies could demonstrate a better reproducibility if incubation time was +1-2 hr.

v’ Using second morning urine specimens is sometimes recommended (urine samples voided 2 — 4
hr after the first morning urine) because of a better reproducibility in morphologic studies

v" Midstream urine is likely to be the most appropriate sample, since the presence of

contaminating elements (e.g. bacteria, analytes and formed particles) are minimized
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Transport and storage of urine samples

v Time between sampling and performance of the examination procedure is critical for
the reliability of urine results.

v Changes in concentration of urine constituents can appear, making the measured result
useless.

v Most parameters critically depend on the time window between sampling and analysis.
In particular in automated urinalysis, the importance of adherence to early time points

in urinalysis (within 90 min) has been stressed
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Transport and storage of urine samples

+* Use of preservatives

v Low osmolality, low relative density and alkaline pH can induce a rapid lysis of some
urine particles after collection

v Addition of stabilizers usually prevents metabolic changes of urine analytes and
overgrowth of bacteria.

v The value of preservatives for semiquantitative and qualitative assessment of urine

cultures gets especially important when the sample transport times exceed 2 hr
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Transport and storage of urine samples

+* Use of preservatives

v' However, preservatives may affect some chemical properties and alter the appearance of
particles.

v Unfortunately, a universal preservative that allows a complete urinalysis does not (yet) exist.

v" Lyophilized formulations are to be preferred as there is no risk of sample dilution or spillage.

v" Also, containers supplemented with boric acid alone or in combination with formic acid or

other stabilizing media are used
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Transport and storage of urine samples

+* Use of preservatives

v" White cells, casts, epithelial cells and bacteria are well preserved, whereas red cells tend to
shrink and are less stable

v As no preservative seems ideal for all tests required from one sample, the fact that 24-h
urine is only rarely needed, helps to solve this problem.

v’ Thus, spot urine in the morning is of equal value when proteinuria is differentiated. This is

possible by correcting concentration to creatinine.
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Transport and storage of urine samples

Table 2
Common urine preservatives and their interferences.
Preservative Possible interference
Boric acid Initial pH values are changed; borate may

inhibit growth of Pseudomonas spp. The
use of boric acid affects a number of test
strip reactions [26].

Sodium azide Recommended for preventing bacterial
overgrowth [25]

Formaldehyde False positive leukocyte esterase, peroxidase
reaction and urobilinogen on strips, lowers
pH [11]

Mercury salts Negative leukocyte esterase reaction

Chloral hexidine

Addition of polyethylene glycol Cellular analysis

(20 g/L) to the ethanol fixative
(Saccomanno’s fixative) (Schuman)
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Transport and storage of urine samples

Influence of temperature on stability of particle analysis (adapted from reference 21).

Particle -20 °C 4-8 °C 20-25 °C
Red blood cell NA 1-4h 1 h-24h (> 300 mOsmol/kg)
White blood cell NA 1-4h 1h(pH >75)-24h (pH < 6.5)
Acanthocytes NA 2 days 1 day (> 300 mOsmol/kg)
Casts Not allowed NA 2 days
Bacteria NA 24 h 12h
Epithelial cells NA NA 3h

NA - data not available.

The exact sampling time and delays exceeding the specified

limits should be documented
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Transport and storage of urine samples

TABLE 1B. Influence of temperature on test strip analysis (adapt-
ed from reference 21).

Analyte 4-8°C 20-25°C
Red blood cells 1-3h 4-8 h
White blood cells 1 day 1 day
Proteins NA > 2 h (unstable at pH > 7.5)
Glucose 2h <2h
Nitrites 8 h 4 days

NA - data not available.

The exact sampling time and delays exceeding the specified

limits should be documented
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Transport and storage of urine samples
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Transport and storage of urine samples
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Transport and storage of urine samples
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24-Hour Urine Collection Preservatives

TABLE 3.7

Preservative

None (refrigerate)

10g boric acid
10mL 6N HClI

0.5g sodium fluoride

If processing delayed lon-
ger than 24 hours: equal
amounts of 50% alcohol,
Saccomanno’s fixative, and
SurePath or Preserve CT

lylmandelic acid.

Tests

Amino acids, amylase, calcium, citrate,
chloride, copper, creatinine, delta ALA, glu-
cose, 5-HIAA, heavy metals (arsenic, lead,
mercury), histamine, immunoelectrophore-
sis, lysozyme, magnesium, methylmalonic
acid, microalbumin, mucopolysaccharides,
phosphorus, porphobilinogen, porphyrins,
potassium, protein, protein electrophoresis,
sodium, urea, uric acid, xylose tolerance

Aldosterone, cortisol

Catecholamines, cystine, homovanillic acid,
hydroxyproline, metanephrines, oxalate,
VMA

Glucose
Cytologic examination

ALA, Alanine aminotransferase; 5-HIAA, 5-hydroxyindoleacetic acid; VMA, vanil-
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Transport and storage of urine samples

** Use of preservatives

v’ Boric acid is considered to be a good preservative for flow cytometric urinalysis

v" For urinary proteomics analysis, the urine should be centrifuged to remove cell debris and
kept at 4 °C.

v The addition of boric acid (0.2 mol/L) or sodium azide (0.01 mol/L) is highly recommended
for the prevention of bacterial overgrowth in the urine

v" Chlorhexidine-containing preservative tubes seem advantageous for urine sample transport
from outside healthcare services. These tubes offer comparable results with urine samples

kept in a refrigerator for 4-8 hr for a broad spectrum of parameters
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Transport and storage of urine samples
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Transport and storage of urine samples

Table 4: Influence of preservatives on the most
important test strip reactions

Boricacid  Formaldehyde Hg salts hiTif:‘lIi:L
Leu - - +/- +/-
Ery ¥ ) + +/-
Bact + + +
Prot - + +
Glu - ; . )
pH - - ] _

-: no stabilisation , +: stabilisation, +/-: limited stabilisation
Adapted from reference 28
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Transport and storage of urine samples

TasLE 2B. Influence of preservatives on test strip reactions.

Amplyte Boric Reid Formaldehyde Hg salts Chloral hexidine
Red blood cells T —
White blood cells

Proteins

Glucose
pH

Bacteria

Legend: M Stabilisation ¥ Limited stabilisation M No stabilisation
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Transport and storage of urine samples

TasLE 2A. Influence of preservatives on particle analysis by flow cytometry.

Particle Borate + Formiate + Sorbitol 10 mL/L Formaline 0.15 mol/L NaCl 80 mL/L Ethanol + 20 g/L PEG

Red blood cells
White blood cells
Casts
Epithelial cells

Bacteria

Legend: M Verygood M Good M Notgood
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Sample dilution, an important preanalytical challenge

v As hydration is a major preanalytical confounder in urinalysis, a number of reference
parameters have been introduced to assess urine dilution and hydration.

v" The most commonly used reference analytes are osmolality, specific gravity, conductivity and
urinary creatinine determinations

v" Relative volumic mass (relative density) and conductivity are commonly used alternatives.
Due to its constant production rate, also urinary creatinine concentration is used as a marker

for diuresis
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Importance of the preanalytical phase in urine toxicology

v For inexpensive, noninvasive and quick substance abuse tests, urine is the preferred body fluid.
v’ After checking of the integrity of the sample, positive screening results should be confirmed.
v Appropriate collection, handling and testing of urine samples are necessary.

v" Several specimen tampering methods have been used to avoid detection: dilution of the urine

sample, substitution of urine by another fluid, adulteration by adding foreign material.

v An identification and laboratory data system should be implemented. Validity testing based can
be based on several parameters: urinary creatinine concentration, specific gravity, pH, nitrite,

and presence of exogenous or endogenous substances.
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Importance of the preanalytical phase in urine toxicology

** A number of countermeasures should be taken to prevent contamination
v’ placing bluing agent (dye) in the toilet bowl
v’ requesting “photo” identification of the subject
v’ leaving coats, briefcases or purses outside of the collection area;
v washing and drying hands before providing a sample;
v' observation of collection
v’ taking temperature of the urine within four minutes of collection
+* Samples for toxicological analysis can be stored at a temperature of 2 — 8 °C for up to 5 days.

Storage at <-5 °C is recommended if analysis has to be postponed for longer periods.
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Importance of the preanalytical phase in urine toxicology

+* Some OTC drugs (ephedrine, pseudoephedrine and phenylpropanolamine) may show cross-
reactivity with amphetamines screening immunoassays

*+* Poppy food ingestion has been reported to be a cause of false-positive opiate drug tests

+* Some additional requirements are prescribed for forensic specimens:

¢ (a) storage of the sample in the original container,

¢ (b) the number of freeze/thaw cycles should be minimized to reduce specimen degradation,

¢ (c) use of control measures to ensure specimen integrity

¢ (d) recordkeeping using internal and external chain-of-custody systems
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The Pre-analytical Errors in Urinalysis
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