V%

1
A

TroubleShooting
uidelines

A Compilation from

Crix

BIMONTHLY FORUM FOR THE LABORATARIANS

Microxpress [BioShields © | Vigla







Foreword

Tulip Diagnostics (P) Ltd., is one of the largest manufacturer of in-vitro
diagnostic reagents and kits in India.

Since its inception in 1988, Tulip Diagnostics has expanded significantly and
now has nine manufacturing facilities—7 in Goa and 2 in Uttarkhand—in India.
All the manufacturing facilities are ISO 13485 certified and most of the products
manufactured are CE certified.

The company’s diverse portfolio includes almost all areas of in-vitro
diagnostics as Immuno-hematology, Immunology, Immunoturbidimetry,
Immunochemistry, Hematology, Clinical biochemistry as well as Microbiology,
Disinfection, Bacteriology and products built on these essential platforms
including Instrumentation.

The company has created a global presence with exports to more than 88
countries worldwide.

Empowering customers and engaging in customer centric work is what Tulip
believes in. Knowledge building and sharing is a medium to empower our
esteemed customers towards continuous learning and growth. Knowledge
building is essential to keep abreast of all new developments in the medical
and diagnostic world.

With this in view, Tulip Diagnostics had launched The CRUX, the bimonthly
forum for the laboratorians in the year 2004. The contents of the magazine are
divided into 3 sections namely Disease Diagnosis, Troubleshooting, and
Interpretation.

This handbook ‘Trouble Shooting Guidelines’ is a compilation of the
Troubleshooting section from all The CRUX publications. We sincerely believe
that the contents of this handbook will be of immense use to all our esteemed
customers.

Happy Reading!
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Blood Collection

The tissue that is tested most often is blood. By and large most diseases
would produce some alteration in this liquid connective tissue of the
body. Before one tests it, one has to obtain it.

Blood can be obtained from a) the capillaries b) veins or ¢) arteries.

Procedure common to all sources of blood collection:

1. Explainto the patientwhat you are going to do.

2. Inawarm environment, relax (physically and mentally) and reassure
the patient properly. Excessive stress and exercise increase factor
VIIl, vWFAg and fibrinolysis. Warm the site of puncture. (Can forego
this under emergency situations).

3. Identify and sterilize the site of skin puncture with 70% alcohol (like
[PA). Letdry.

4. Obtain required quantity of blood, dispense the same in appropriate
containers (gently mixing wherever essential) and perform
necessary tests as soon as possible. Having collected the sample,
apply gentle pressure with sterile gauze with at least three fingers at
the site for a time that is longer than the patient’s clotting time.
Rubbing of the puncture site is strictly contraindicated. Place an
adhesive dressing at the puncture point.

5. Exercise all biohazard precautions. Wear disposable plastic or
rubber gloves. Do not injure yourself with syringes, needles and
lancets. Once used, they should be immediately discarded.

Capillary blood:

1. Useasalastresortonlyforinfants less than one year of age.

2. Use medial or lateral aspects of a pre-warmed heel. Under aseptic
precautions puncture to a depth of 2-3 mm with a sterile lancet. Wipe
the first drop with a sterile gauge. If necessary squeeze very gently
to encourage free flow of blood.

3. Collect into appropriate container, can be a micropipette, capillary
tube or a microtainer or a microvette.

Venous blood:

1. All sample collections (except arterial blood) should be from the
veins, eveninaneonate, if possible.

2. Whenever possible, venous blood samples must be collected
without the use of a cuff. Venous occlusion causes
haemoconcentration, increase in fibrinolytic activity, platelet release
and activation of some of the clotting factors.

3. Inthe majority of patients, however, light pressure using a tourniquet
is required. This should be applied for the shortest possible time (< 1
minute). A sphygmomanometer cuff can be used and inflated to
diastolic pressure and the skin over the site can be tapped for a few
times.

4. In obese patients veins over the dorsum of the hand can be used
after warming it by immersion in warm water. Dry the hand; clench
the fist and suitable veins will become apparent. This site tends to
bleed readily than other sites, elevate the hand, apply gentle
pressure for several minutes and place an adhesive dressing over
the puncture site.

5. Loose and rolling veins can be fixed between the thumb and the
index finger.

6. Sometimes one may transfix the vein and no blood flows, just retract
the needle a bitand blood will start flowing.

7. Loosen the tourniquet when you enter the vein.

8. Draw the piston of the syringe slowly and once adequate blood is

collected, dispense the same in appropriate anticoagulated or plain
containers.

9. Make sure that the patient has relaxed the fist after the blood has
been collected.

10. Venipuncture must be clean and blood from indwelling catheters
should notbe used.

Ideal site is the antecubital fossa of the arm. Needle gauge should be 21
or larger (this avoids unnecessary frothing and shearing stress).To
minimize the affects of contact activation good quality plastic or
polypropylene syringes should be used. If glass syringes are used they
should be adequately coated with silicon.

Differences between capillary and venous blood: PCV, RBC count and
Hb. of capillary blood are slightly greater than in venous blood. TLC and
neutrophils are higher by 8%; monocytes are higher by 12— 100%
(especially in children). Platelet count is lesser by 9 - 32 % (because of
adhesion of platelets to the skin puncture site).

Arterial blood:
Arterial blood is used to measure oxygen and carbon dioxide tension and
to measure pH. Arterial punctures are technically more difficult,
increased pressure within the arteries often leads to haematoma
formation. Reflex arterial spasm restricts blood flow with possible severe
effects on circulation. Patients may complain of uneasiness as aching,
tenderness, sharp piercing sensation, and cramp.

1. Select the puncture site. Most commonly, the radial artery is used.
Before starting, please ensure that the ulnar artery is present
(perform Allen’s test), if absent, choose another site. Femoral or
brachial arteries can also be used. Scalp arteries are used in infants;
catheterisation of the umbilical artery is frequently used in neonates
for up to 48 hours after birth.

2. Anaesthetise the puncture site, if necessary.

3. Patient should be absolutely calm. Hyperventilation caused by
anxiety may significantly alter the blood gas measurements.

4. Prepare the syringe. Wet the barrel and needle or cannula with

sterile anticoagulant (usually heparin). Expel excess solution.

Record the patient’s temperature.

Palpate the artery,

With the bevel of the needle facing up, puncture the skin 5 to 10 mm

distal to the finger which locates the artery. Aim for the artery at a

point directly below the finger. Blood rushing to the finger usually

forces the plunger back. If not, gently pull back on the plunger.

Obtain required amount of blood. Quickly withdraw the needle and

syringe. At the same time place a sterile cotton ball or a dry gauze

sponge over the puncture site. Apply firm pressure for at least five
minutes, or longer if the patient has a longer clotting time. Watch the
puncture site for another two minutes to avoid haematoma
formation. Expel any air bubbles from the syringe. Remove the
needle and cap the syringe with a tight-fitting Luer cap. Mix the
specimen with anticoagulant by gentle inversion of the syringe.
Immediately transport the specimen on ice to the laboratory.

No o

Allen’s test - Compress the radial and ulnar arteries at the wrist until the
palm of the hand becomes blanched. Release pressure from the ulnar
artery. Observe that the hand becomes flushed. If it does not, it means
thatthe ulnar artery is absent.
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Capillary Blood Collection: Best Practices

Skin puncture or capillary blood collection involves puncturing the
dermis layer of the skin to access the capillary beds which run through
the subcutaneous layer of the skin. Blood obtained via skin puncture is a
mixture of undetermined proportions of blood from arterioles, venules,
capillaries, plus interstitial and intracellular fluids. The proportion of
arterial blood is greater than that of venous blood, due to the increased
pressure in the arterioles leading into the capillaries versus the pressure
inthe venules exiting the capillaries. Warming of the puncture site further
“arterializes” the blood and increases blood flow. Capillary blood
collection is the preferred method of blood specimen collection for
newborns and infants. Clinical Laboratory Standards Institute (CLSI)
recommends capillary blood collection via heelstick for infants less than
one year of age. For children older than one year, capillary blood
collection via fingerstick should be considered, where appropriate.

Capillary blood collection may also be used for adults under
certain circumstances including:

o Patients with fragile, superficial or difficult to access veins

e Patients where multiple unsuccessful venipunctures have already
been performed, especially if the test(s) requested requires only a
small volume of blood

o Patients with burns or scarring in venous blood collection sites
e Extremely obese patients

e Patients requiring frequentblood tests

o Patientsreceiving IV therapy in either arms or hands

o Patients at risk for serious complications associated with
venipuncture, venous thrombosis, or deep venous puncture (e.g.
deep vein puncture in infants, thrombophlebitis)

e Patients requiring only one blood test for which a capillary specimen is
appropriate

e Patients whose veins are “reserved” for intravenous therapy or
chemotherapy

e Point-of-care testing where only a few drops of blood are needed

Capillary blood collection is inappropriate for:

« Severely dehydrated patients

o Patients with poor circulation

 Coagulation studies requiring plasma specimens

o Tests thatrequire large volumes of blood

(i.e. Erythrocyte Sedimentation Rate (ESR) and blood cultures)

It is important to understand that there are differences between some
analytes in capillary blood as compared to venous or arterial blood
specimens. Glucose, potassium, total protein, and calcium have been
reported to show statistically and/or clinically important differences. With
the exception of glucose, the concentration of these analytes is lower in
capillary blood.

The following tests are commonly performed using capillary blood:

e Point-of-Care testing (POCT, i.e. blood glucose monitoring)

o Complete Blood Count (CBC), haemoglobin & hematocrit (H&H)

e Peripheral Blood Smear (manual slide for white blood cell (WBC)
differential)

» Neonatal Blood Gases

* Neonatal Bilirubin
« Neonatal Screening (filter paper or blood spot testing)
e Electrolytes

According to CLSI, a skin puncture device should be a sterile,
disposable, single-use device with a permanently retractable blade or
needle to reduce the possibility of accidental needlestick injuries and
reuse. The use of manual lancets or blades without a retractable feature
is a violation of OSHA regulations.

General Site Selection

The patient's age, accessibility of the puncture site, and the blood
volume required should all be taken into consideration when selecting
the skin puncture device type and puncture site. Select a site that is
warm, pink and free of any calluses, burns, cuts, scars, bruises, or
rashes. The site should not be cyanotic (bluish from lack of oxygen),
edematous (swollen), or infected. Avoid skin areas that have evidence of
previous punctures or are otherwise compromised.

Fingerstick Site Selection

The recommended site for capillary collection on adults and children
over one year of age is the palmar surface of the distal (end) segment of
the third (middle) or fourth (ring) finger, ideally of the non-dominant hand.
Fingers on the non- dominant hand are generally less calloused. The
puncture should be made slightly off center from the central, fleshy
portion of the fingertip and if using a blade-type puncture device,
perpendicular to the fingerprint whorls. Puncturing along or parallel to
the whorls may cause the blood to follow the pattern of the fingerprint,
redirecting the flow and making it more difficult to collect. The index
finger is often calloused and potentially more sensitive to pain due to
additional nerve endings. The thumb also may be calloused and has a
pulse, indicating arterial presence, and, therefore, should be avoided.
The distance between the skin surface and the bone in the fifth finger
also makes it unsuitable for puncture. The side and tip of the finger
should be avoided, as the tissue is about half as thick as the central
portion of the fingertip.

Heelstick Site Selection

The recommended site for heel punctures is the lateral (outside) or
medial (inside) plantar surface of the heel. In small or premature infants,
the heel bone (calcaneus) may be no more than 2.0 mm beneath the skin
surface and no more than half this distance at the posterior curvature of
the heel. Puncturing deeper than 2.0 mm on the plantar surface of the
heel of small infants may, therefore, risk bone damage. When using
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incision devices, puncturing the heel at a 90° angle to the length of the
footis recommended. Such incisions create a “gap” puncture (one which
opens when pressure is applied) and further enhance blood flow.
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Forinfants, punctures must not be performed on:
e The posterior curvature of the heel.
 The central area of aninfant's foot (area of the arch).

¢ Punctures to this area may result in injury to nerves, tendons and
cartilage.

e Thefingers of anew born orinfantless than one yearold.
e Earlobes.
Best Practice for Capillary Blood Collection

The following steps should be performed in accordance with the
facilities' recommended procedures.

1. Reviewthe testrequisition(s).

2. Gather the appropriate supplies (lancing device, gloves, gauze,
alcohol, bandages, etc.).

3. Positively identify the patient.

4. Verify dietrestrictions (fasting required, etc.) and any latex sensitivity
(if products containing latex are being used).

5. Wash hands and puton gloves.

NOTE: All patient and laboratory specimens are treated as potentially
infectious and handled according to “standard precautions”. The patient
should be sitting or lying down.

6. Selectappropriate puncture site.
7. Warmthe puncture site.

8. Clean the puncture site with 70% isopropyl alcohol and allow to air
dry. The site must be allowed to air dry in order to provide effective
disinfection.

9. Notify older children and adults of the imminent puncture.

10. Puncture the skin with the disposable lancing/incision device.

11. Wipe away the first drop of blood with a dry gauze pad (refer to each
point-of-care device manufacturer's instructions).

12. Collect the specimen in the appropriate container, and mix according
to the manufacturer's instructions.

13. Seal the specimen container.

14. Apply direct pressure to the wound site with a clean gauze pad and
slightly elevate the extremity.

15. Label the specimen container in direct view of the patient or guardian
to verify identification, and record time of collection. Label each
containerindividually.

16. Properly dispose of the lancet/incision device in a puncture-resistant
disposal container.
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17. Properly dispose of any other contaminated materials (gloves,
gauze, etc.) ina container approved for their disposal.

18. After removing gloves, wash hands before proceeding to the next
patient.

Special Specimen Collection Requirements:

1. Bilirubin samples must be protected from light, both during and after
collection, as light breaks down bilirubin. If collecting a capillary
specimen from an infant in an incubator, turn off the ultraviolet (UV)
light source above the infant during specimen collection. Collect
capillary blood specimen quickly to minimize exposure of the blood
specimen to light. Use amber collection containers or foil to protect
specimens from light. Ensure that the UV light is turned back on
before leaving the nursery.

2. Fornewborn screening (filter paper collection), gently touch the filter
paper against the blood drop in a single step to allow a sufficient
quantity of blood to soak completely through the paper and fill the
preprinted circle. The paper must not be pressed against the
puncture site on the heel. If the circle does not fill entirely, wipe the
heel and touch a different circle to the blood drop until the circle is
completely filled. Blood must soak through the paper within the circle
tothe other side, and must be applied to one side of the paper only.

Top 10 Keys to Obtaining a High Quality Capillary Blood Specimen

1. Positively Identify the Patient — Positive identification of the patient
is the most important step in specimen collection. Patient
misidentification can lead to incorrect diagnosis, therapy and
treatment. The consequences can be serious, even fatal to the
patient.

2. Puncture Site and Lancing/Incision Device Selection —Determine the
appropriate puncture site and lancing/incision device for the patient
and the tests requested. Using the wrong size lancet/incision device
may result in excessive squeezing, prolonged or incomplete
collection, poor specimen quality (hemolysis, clotting) and possible
redraws, as well as injury to the patient (mainly children).

3. Warming the Puncture Site — Only a limited amount of blood will
easily flow from a capillary puncture. Warming the puncture site will
increase blood flow up to seven times and is critical for the collection
of blood gases and pH specimens. CLSI guidelines recommend
warming the skin puncture site for three - five minutes with a moist
towel or commercially available warming device at a temperature no
greaterthan42°C.

4. Cleaning the Puncture Site — Allow the alcohol to air dry. Performing
skin puncture through residual alcohol may cause hemolysis and
can adversely affect test results. It also may cause additional
discomfort for the patient. Do not use povidone-iodine to cleanse the
puncture site. Povidone-iodine interferes with bilirubin, uric acid,
phosphorus and potassium.

5. Wipe Away the First Drop of Blood — Immediately following skin
puncture, platelets aggregate at the puncture site to form a platelet
plug, initiating the clotting process. Without wiping away the platelet
plug, bleeding may stop prior to completion of the blood collection,
resulting in insufficient blood volume and redraws. In addition, the
first drop of blood contains tissue fluid, which can cause specimen
dilution, hemolysis and clotting.

NOTE: For point-of-care testing (i.e. blood glucose monitoring), use

of the first drop of blood may be appropriate. Refer to the
manufacturer's instructions for use.

Crix
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. Avoid Milking, Scooping or Scraping of the Puncture Site — It is

recommended to touch the collector end of the container to the drop
of blood. After collecting 2 or 3 drops, the blood will freely flow down
the container wall to the bottom of the tube. Excessive squeezing
(milking), scooping and scraping may cause hemolysis and/or tissue
fluid contamination of the specimen. Using a “scooping”or scraping
motion along the surface of the skin can also result in platelet
activation, promoting platelet clumping and clotting.

. Collect Specimen Quickly — Puncturing the skin releases

thromboplastin, which activates the coagulation process.
Specimens must be collected quickly to minimize the effects of
platelet clumping and microclot formation (hematology testing).
Specimens also should be collected quickly to avoid exposure to
atmospheric airand light (blood gases and bilirubin testing).

. Fillto the Correct Fill Volume — Fill containers to the recommended fill

volume (if indicated). Underfilled containers will have higher
concentrations of additives. For K2 EDTA, higher concentrations
may cause erroneous results for MCV and red cell indices and cause
RBC and WBC morphological artifacts. Consequently, overfilled
containers will have lower concentrations of EDTA and may result in
clotting.

. Mix Specimen - Microcollection tubes must be inverted the

appropriate number of times to ensure that the blood and

10.
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anticoagulant are sufficiently mixed. Mixing is essential to prevent
the formation of microclots and platelet clumps, which can cause
inaccurate or erroneous test results. Small clots can also occlude
sample aspiration probes or tubing in laboratory instruments,
resulting in instrument downtime and/or additional unscheduled
maintenance. While modern analyzers have sophisticated detection
systems to recognize platelet clumps, it is still possible for platelet
clumps to cause erroneous test results (e.g. platelet count, platelet
volume, red cell volume, white cell count). Adequate mixing, both
during and after the completion of capillary blood collection, will help
minimize these occurrences.

Properly Label Specimen — Each tube should be individually labeled
at the bedside prior to leaving the area. Mislabeling of the specimen
can lead to incorrect diagnosis, therapy and treatment. The
consequences can be serious, even fatal, for the patient.

In summary, there truly is an “art” to capillary blood collection.
These 10 steps provide guidelines to assist your facility in
selecting the appropriate lancing/incision device and puncture
site for a successful capillary blood collection—the first time. A
high-quality specimen minimizes errors and possible re-draws,
while enhancing customer satisfaction and patient care.
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Phlebotomy

BLOOD COLLECTION

ROUTINE VENIPUNCTURE AND SPECIMEN HANDLING
VENIPUNCTURE PROCEDURE
The venipuncture procedure is complex, requiring both knowledge and
skill to perform. Each phlebotomist generally establishes a routine that is
comfortable for her or him. Phlebotomists are considered to have
occupational exposure to blood borne pathogens. The performance of
routine vascular access procedures by skilled phlebotomists requires, at
a minimum, the use of gloves to prevent contact with blood. Laboratory
coats or work smocks are not typically needed as personal protective
equipment during routine venipuncture, but an employer must assess
the workplace to determine whether certain tasks, workplace situations,
or employee skill levels may result in an employee's need for laboratory
coats or other personal protective equipment to prevent contact with
blood. Itis an employer's responsibility to provide, clean, repair, replace,
and/or dispose of personal protective equipment/clothing. As part of
presenting a professional appearance, an institutional dress code may
include wearing of a laboratory coat or smock.

Several essential steps are required for every successful collection

procedure:

1. Patient comfort. Is the seating comfortable and has the patient been
seated for atleast 5 minutes to avoid being rushed or confused?

2. Carry out hand hygiene before and after each patient procedure,
before putting on and after removing gloves.

3. Identify the patient using two different identifiers, asking open ended
questions such as, "What is your name?" and "What is your date of
birth?"

4. Assess the patient's physical disposition (i.e. diet, exercise, stress,
basal state).

5. Check the requisition form for requested tests, patient information,

and any special requirements.

Labelthe collection tubes at the bedside or drawing area.

Select a suitable site for venipuncture.

Prepare the equipment, the patientand the puncture site.

Perform the venipuncture, collecting the sample(s) in the

appropriate container(s).

10. Recognize complications associated with the phlebotomy
procedure.

11. Assess the need for sample recollection and/or rejection.

12. Promptly send the specimens with the requisition to the laboratory.

© o N o

ORDER FORM/REQUISITION

A requisition form must accompany each sample submitted to the
laboratory. This requisition form must contain the proper information in
order to process the specimen. The essential elements of the requisition
formare:

Patient's surname, firstname, and middle initial.

Patient's ID number.

Patient's date of birth and sex.

Requesting physician's complete name.

Source of specimen. This information must be given when
requesting microbiology, cytology, fluid analysis, or other testing
where analysis and reporting is site specific.

Date and time of collection.

Initials of phlebotomist.

Indicating the test(s) requested.

An example of a simple requisition form with the essential elements is
shown below:

LABORATORY SERVICE - UNIVERSITY OF UTAH HOSPITAL
Patient Name:
Patient ID:
Patient Birthdate: Sex:

Source of Specimen:

Date Collected: Time: Phleh:
Physician: Location:
Diagnosis:

Tests Requested:
Electrolyte Panel Complete Blood Count

Hepatic Panel Protime /PTT

LABELING THE SAMPLE

A properly labeled sample is essential so that the results of the test

match the patient. The key elements in labeling are:

® Patient's surname, firstand middle.

® Patient's ID number.

® NOTE: Both of the above MUST match the same on the requisition
form.

® Date, time and initials of the phlebotomist must be on the label of
EACH tube.

Automated systems may include labels with bar codes.
Examples of labeled collection tubes are shown below:

E
DT

Hatt, Edward C =
9999939 E
March 13, 1997 4:07pm <S ~

7

EQUIPMENT:

THE FOLLOWING ARE NEEDED FOR ROUTINE VENIPUNCTURE:

® Evacuated Collection Tubes - The tubes are designed to fill with a
predetermined volume of blood by vacuum. The rubber stoppers are
color coded according to the additive that the tube contains. Various
sizes are available. Blood should NEVER be poured from one tube
to another since the tubes can have different additives or coatings
(seeillustrations atend).

® Needles - The gauge number indicates the bore size: the larger the
gauge number, the smaller the needle bore. Needles are available
for evacuated systems and for use with a syringe, single draw or
butterfly system.

® Holder/Adapter - use with the evacuated collection system.

Crix
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Tourniquet - Wipe off with alcohol and replace frequently.

Alcohol Wipes - 70% isopropyl alcohol.

Povidone-iodine wipes/swabs - Used if blood culture is to be drawn.

Gauze sponges - for application on the site from which the needle is

withdrawn.

® Adhesive bandages / tape - protects the venipuncture site after
collection.

® Needle disposal unit - needles should NEVER be broken, bent, or
recapped. Needles should be placed in a proper disposal unit
IMMEDIATELY after their use.

@ Gloves - can be made of latex, rubber, vinyl, etc.; worn to protect the
patientand the phlebotomist.

® Syringes - may be used in place of the evacuated collection tube for

special circumstances.

ORDER OF DRAW
Blood collection tubes must be drawn in a specific order to avoid cross-
contamination of additives between tubes. The recommended order of
draw for plastic collection tubesiis:
1. First-blood culture bottle or tube (yellow or yellow-black top)
2. Second - coagulation tube (light blue top). If just a routine
coagulation assay is the only test ordered, then a single light blue top
tube may be drawn. If there is a concern regarding contamination by
tissue fluids or thromboplastins, then one may draw a non-additive
tube first, and then the light blue top tube.
Third - non-additive tube (red top)
4. Lastdraw-additive tubes in this order:
1. SST (red-gray or gold top). Contains a gel separator and clot
activator.
2. Sodium heparin (dark green top)
3. PST (light green top). Contains lithium heparin anticoagulant
and agel separator.
4. EDTA(lavendertop)
5. ACDAorACDB (pale yellow top). Contains acid citrate dextrose.
6. Oxalate/fluoride (light gray top)
NOTE:Tubes with additives must be thoroughly mixed. Erroneous
test results may be obtained when the blood is not thoroughly mixed
with the additive.

w

PROCEDURALISSUES

PATIENT RELATIONS AND IDENTIFICATION:

The phlebotomist's role requires a professional, courteous, and
understanding manner in all contacts with the patient. Greet the patient
and identify yourself and indicate the procedure that will take place.
Effective communication - both verbal and nonverbal - is essential.
Proper patient identification MANDATORY. If an inpatient is able to
respond, ask for a full name and always check the armband or bracelet
for confirmation. DO NOT DRAW BLOOD IF THE ARMBAND OR
BRACELET IS MISSING. For an inpatient the nursing staff can be
contacted to aid in identification prior to proceeding. An outpatient must
provide identification other than the verbal statement of a name. Using
the requisition for reference, ask a patient to provide additional
information such as a surname or birthdate. A government issued photo
identification card such as a driver's license can aid in resolving
identification issues. If possible, speak with the patient during the
process. The patient who is at ease will be less focused on the
procedure. Always thank the patient and excuse yourself courteously
when finished.

PATIENT'S BILL OF RIGHTS:

The Patient's Bill of Rights has been adopted by many hospitals as
declared by the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO). The basic patient rights endorsed by the
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JCAHO follow in condensed form are given below.
The patient has the right to:

Impartial access to treatment or accommodations that are available
or medically indicated, regardless of race, creed, sex, national
origin, or sources of payment for care.

Considerate, respectful care.

Confidentiality of all communications and other records pertaining to
the patient's care.

Expect that any discussion or consultation involving the patient's
case will be conducted discretely and that individuals not directly
involved in the case will not be present without patient permission.
Expect reasonable safety congruent with the hospital practices and
environment.

Know the identity and professional status of individuals providing
service and to know which physician or other practitioner is primarily
responsible for his or her care.

Obtain from the practitioner complete and current information about
diagnosis, treatment, and any known prognosis, in terms the patient
can reasonably be expected to understand.

Reasonable informed participation in decisions involving the
patient's health care. The patient shall be informed if the hospital
proposes to engage in or perform human experimentation or other
research/educational profits affecting his or her care or treatment.
The patient has the right to refuse participation in such activity.
Consulta specialist at the patient's own request and expense.
Refuse treatment to the extent permitted by law.

Regardless of the source of payment, request and receive an
itemized and detailed explanation of the total bill for services
rendered in the hospital.

Be informed of the hospital rules and regulations regarding patient
conduct.

VENIPUNCTURE SITE SELECTION:

Although the larger and fuller median cubital and cephalic veins of the
armare used most frequently, the basilic vein on the dorsum of the arm or
dorsal hand veins are also acceptable for venipuncture. Foot veins are a
last resort because of the higher probability of complications.

Certain areas are to be avoided when choosing a site:

Extensive scars from burns and surgery - itis difficult to puncture the

scar tissue and obtain a specimen.

The upper extremity on the side of a previous mastectomy - test

results may be affected because of ymphedema.

Hematoma - may cause erroneous test results. If another site is not

available, collect the specimen distal to the hematoma.

Intravenous therapy (IV) / blood transfusions - fluid may dilute the

specimen, so collect from the opposite arm if possible. Otherwise,

satisfactory samples may be drawn below the IV by following these

procedures:

® Turnoffthe IV for atleast 2 minutes before venipuncture.

® Apply the tourniquet below the IV site. Select a vein other than
the one withthe IV.

® Perform the venipuncture. Draw 5 ml of blood and discard before
drawing the specimen tubes for testing.

Lines - Drawing from an intravenous line may avoid a difficult

venipuncture, but introduces problems. The line must be flushed

first. When using a syringe inserted into the line, blood must be

withdrawn slowly to avoid hemolysis.

Cannulaffistula/heparin lock - hospitals have special policies

regarding these devices. In general, blood should not be drawn from

an arm with a fistula or cannula without consulting the attending

physician.

Edematous extremities - tissue fluid accumulation alters test results.
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PROCEDURE FOR VEIN SELECTION:

Palpate and trace the path of veins with the index finger. Arteries
pulsate, are most elastic, and have a thick wall. Thrombosed veins
lack resilience, feel cord-like, and roll easily.

If superficial veins are not readily apparent, you can force blood into
the vein by massaging the arm from wrist to elbow, tap the site with
index and second finger, apply a warm, damp washcloth to the site
for 5 minutes, or lower the extremity over the bedside to allow the
veins tofill.

PERFORMANCE OF AVENIPUNCTURE:

Approach the patient in a friendly, calm manner. Provide for their
comfortas much as possible, and gain the patient's cooperation.
Identify the patient correctly.

Properly fill out appropriate requisition forms, indicating the test(s)
ordered.

Verify the patient's condition. Fasting, dietary restrictions,
medications, timing, and medical treatment are all of concern and
should be noted on the lab requisition.

Check for any allergies to antiseptics, adhesives, or latex by
observing for armbands and/or by asking the patient.

Position the patient. The patient should either sit in a chair, lie down
orsitupin bed. Hyperextend the patient's arm.

Apply the tourniquet 3-4 inches above the selected puncture site. Do
not place too tightly or leave on more than 2 minutes (and no more
than a minute to avoid increasing risk for hemoconcentration). Wait 2
minutes before reapplying the tourniquet.

The patient should make a fist without pumping the hand.

Select the venipuncture site.

Prepare the patient's arm using an alcohol prep. Cleanse in a circular
fashion, beginning at the site and working outward. Allow to air dry.
Grasp the patient's arm firmly using your thumb to draw the skin taut
and anchor the vein. The needle should form a 15 to 30 degree angle
with the surface of the arm. Swiftly insert the needle through the skin
and into the lumen of the vein. Avoid trauma and excessive probing.

When the last tube to be drawn is filling, remove the tourniquet.
Remove the needle from the patient's arm using a swift backward
motion.

Press down on the gauze once the needle is out of the arm, applying
adequate pressure to avoid formation of a hematoma.

Dispose of contaminated materials/supplies in designated
containers.

Mix and label all appropriate tubes at the patient bedside.

Deliver specimens promptly to the laboratory.

PHLEBOTOMY PROCEDURE ILLUSTRATED:
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Patient identification

Filling out the requisition

Equipment

Apply tourniquet and palpate for vein
Sterilize the site

Cr

Insert needle

Drawing the specimen
Releasing the tourniquet
Applying pressure over the vein
Applying bandage

Disposing needle into sharps
Labeling the specimens

PERFORMANCE OF AFINGERSTICK:

Follow the procedure as outlined above for greeting and identifying
the patient. As always, properly fill out appropriate requisition forms,
indicating the test(s) ordered.

Verify the patient's condition. Fasting, dietary restrictions,
medications, timing, and medical treatment are all of concern and
should be noted on the lab requisition.

Position the patient. The patient should either sit in a chair, lie down
orsitup inbed. Hyperextend the patient's arm.

The best locations for fingersticks are the 3rd (middle) and 4th (ring)
fingers of the non-dominant hand. Do not use the tip of the finger or
the center of the finger. Avoid the side of the finger where there is less
soft tissue, where vessels and nerves are located, and where the
bone is closer to the surface. The 2nd (index) finger tends to have
thicker, callused skin. The fifth finger tends to have less soft tissue
overlying the bone. Avoid puncturing a finger that is cold or cyanotic,
swollen, scarred, or covered with a rash.

Using a sterile lancet, make a skin puncture just off the center of the
finger pad. The puncture should be made perpendicular to the ridges
of the fingerprint so that the drop of blood does not run down the
ridges.

Wipe away the first drop of blood, which tends to contain excess
tissue fluid.

Collect drops of blood into the collection device by gently massaging
the finger. Avoid excessive pressure that may squeeze tissue fluid
into the drop of blood.

Cap, rotate and invert the collection device to mix the blood
collected.

Have the patient hold a small gauze pad over the puncture site for a
couple of minutes to stop the bleeding.

Dispose of contaminated materials/supplies in designated
containers.

Label all appropriate tubes at the patient bedside.

Deliver specimens promptly to the laboratory.

FINGERSTICK PROCEDURE ILLUSTRATED:

Equipment

Proper location on finger
Puncture with lancet
Drop of blood

Wipe first drop
Collecting the specimen
Specimen container

ADDITIONAL CONSIDERATIONS:
To preventa hematoma:

Puncture only the uppermost wall of the vein

Remove the tourniquet before removing the needle

Use the major superficial veins

Make sure the needle fully penetrates the upper most wall of the
vein. (Partial penetration may allow blood to leak into the soft tissue
surrounding the vein by way of the needle bevel)

Apply pressure to the venipuncture site

SPECIMEN HANDLING
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To prevent hemolysis (which can interfere with many tests):

@ Mixtubes with anticoagulant additives gently 5-10 times

@ Avoid drawing blood from a hematoma

@ Avoid drawing the plunger back too forcefully, if using a needle and
syringe, or too small a needle, and avoid frothing of the sample

@ Make sure the venipuncture site is dry

@ Avoid a probing, traumatic venipuncture

@ Avoid prolonged tourniquet application or fist clenching.

Indwelling Lines or Catheters:

@ Potential source of test error

® Mostlines are flushed with a solution of heparin to reduce the risk of
thrombosis

® Discard a sample at least three times the volume of the line before a
specimen is obtained for analysis

Hemoconcentration: An increased concentration of larger molecules

and formed elements in the blood may be due to several factors:

® Prolonged tourniquet application (no more than 1 minute)

® Massaging, squeezing, or probing a site

® |ong-term[Vtherapy

® Sclerosed oroccluded veins

Prolonged Tourniquet Application:

® Primary effect is hemoconcentration of non-filterable elements (i.e.
proteins). The hydrostatic pressure causes some water and
filterable elements to leave the extracellular space.

@ Significant increases can be found in total protein, aspartate
aminotransferase (AST), total lipids, cholesterol, iron

® Affects packed cell volume and other cellular elements

® Hemolysis may occur, with pseudohyperkalemia.

Patient Preparation Factors:

® Therapeutic Drug Monitoring: Different pharmacologic agents have
patterns of administration, body distribution, metabolism, and
elimination that affect the drug concentration as measured in the
blood. Many drugs will have "peak" and "trough" levels that vary
according to dosage levels and intervals. Check for timing
instructions for drawing the appropriate samples.

® Effects of Exercise: Muscular activity has both transient and longer
lasting effects. The creatine kinase (CK), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), and platelet
countmay increase.

® Stress: May cause transient elevation in white blood cells (WBC's)
and elevated adrenal hormone values (cortisol and
catecholamines). Anxiety that results in hyperventilation may cause
acid-base imbalances, and increased lactate.

® Diurnal Rhythms: Diurnal rhythms are body fluid and analyte
fluctuations during the day. For example, serum cortisol levels are
highest in early morning but are decreased in the afternoon. Serum
iron levels tend to drop during the day. You must check the timing of
these variations for the desired collection point.

® Posture: Postural changes (supine to sitting etc.) are known to vary
lab results of some analytes. Certain larger molecules are not
filterable into the tissue, therefore they are more concentrated in the
blood. Enzymes, proteins, lipids, iron, and calcium are significantly
increased with changes in position.

® Other Factors: Age, gender, and pregnancy have an influence on
laboratory testing. Normal reference ranges are often noted
according to age.

REASONS FOR CANCELINGALABORATORY TEST
A test that has been ordered may be cancelled due to problems
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unrelated to drawing the specimen, and these are the most common
causes for cancellations:

® Duplicate testrequest

® [ncorrecttestordered

® Testnolongerneeded

A test may be cancelled due to a technical problem in the specimen
collection process:

Hemolysis of the specimen

Clotted specimen

Quantity of specimen not sufficient

Collection of specimeninincorrect tube

Contaminated specimen

Identification of the specimen is suspect

Delay intransport - specimen too old

SAFETY AND INFECTION CONTROL
Because of contacts with sick patients and their specimens, it is
important to follow safety and infection control procedures.

PROTECTYOURSELF
® Practice universal precautions:
® Wear gloves and a lab coat or gown when handling blood/body
fluids.
@ Change gloves after each patient or when contaminated.
® Wash hands frequently.
® Dispose ofitems in appropriate containers.
® Dispose of needles immediately upon removal from the patient's
vein. Do not bend, break, recap, or resheath needles to avoid
accidental needle puncture or splashing of contents.
® Clean up any blood spills with a disinfectant such as freshly made
10% bleach.
@ Ifyou stick yourselfwith a contaminated needle:
Remove your gloves and dispose of them properly.
Squeeze puncture site to promote bleeding.
Wash the area well with soap and water.
Record the patient's name and ID number.
Follow institution's guidelines regarding treatment and follow-
up.
NOTE: The use of prophylactic zidovudine following blood
exposure to HIV has shown effectiveness (about 79%) in
preventing seroconversion

PROTECT THE PATIENT

® Place blood collection equipment away from patients, especially
children and psychiatric patients.

® Practice hygiene for the patient's protection. When wearing gloves,
change them between each patient and wash your hands frequently.
Always wear a clean lab coat or gown.

TROUBLESHOOTING GUIDELINES:

IFANINCOMPLETE COLLECTION ORNO BLOOD IS OBTAINED:

@ (Change the position of the needle. Move it forward (it may not be in
the lumen)

——
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ormove it backward (it may have penetrated too far).

Adjust the angle (the bevel may be against the vein wall).

Loosen the tourniquet. It may be obstructing blood flow.

Try another tube. Use a smaller tube with less vacuum. There may
be no vacuum in the tube being used.

Re-anchor the vein. Veins sometimes roll away from the point of the
needle and puncture site.

Have the patient make a fist and flex the arm, which helps engorge
muscles tofill veins.

Pre-warm the region of the vein to reduce vasoconstriction and
increase blood flow.

Have the patient drink fluids if dehydrated.

IFBLOOD STOPS FLOWINGINTO THE TUBE:

The vein may have collapsed; resecure the tourniquet to increase
venous filling. If this is not successful, remove the needle, take care
of the puncture site, and redraw.

The needle may have pulled out of the vein when switching tubes.
Hold equipment firmly and place fingers against patient's arm, using
the flange for leverage when withdrawing and inserting tubes.

PROBLEMS OTHER THAN AN INCOMPLETE COLLECTION:
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A hematoma forms under the skin adjacent to the puncture site -
release the tourniquet immediately and withdraw the needle. Apply
firm pressure.
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Hematoma formation is a problemin older patients.
The blood is bright red (arterial) rather than venous. Apply firm
pressure for more than 5 minutes.

BLOOD COLLECTION ON BABIES:

The recommended location for
blood collection on a newborn
baby or infant is the heel. The
diagram below indicates in
green the proper area to use for
heel punctures for blood
collection:

Prewarming the infant's heel (42
°C for 3to 5 minutes) is important
to obtain capillary blood gas
samples and warming also
greatly increases the flow of
blood for collection of other
specimens. However, do not use
too high a temperature warmer,
because baby's skin is thin and
susceptible to thermal injury.
Clean the site to be punctured with an alcohol sponge. Dry the
cleaned area with a dry cotton sponge. Hold the baby's foot firmly to
avoid sudden movement.

Using a sterile blood lancet, puncture the side of the heel in the
appropriate regions shown above in green. Do not use the central
portion of the heel because you might injure the underlying bone,
which is close to the skin surface. Do not use a previous puncture
site. Make the cut across the heelprint lines so that a drop of blood
canwell up and notrun down along the lines.

Wipe away the first drop of blood with a piece of clean, dry cotton.
Since newborns do not often bleed immediately, use gentle pressure
to produce a rounded drop of blood. Do not use excessive pressure
or heavy massaging because the blood may become diluted with
tissue fluid.

Fillthe capillary tube(s) or micro collection device(s) as needed.
When finished, elevate the heel, place a piece of clean, dry cotton on
the puncture site, and hold itin place until the bleeding has stopped.

O%
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® Be sure to dispose of the lancet in the appropriate sharps container.
Dispose of contaminated materials in appropriate waste
receptacles. Remove your gloves and wash your hands.

HEELSTICK PROCEDURE ILLUSTRATED:
® Heelstick on baby

PEDIATRIC PHLEBOTOMY:

@ Children, particularly under the age of 10, may experience pain and
anxiety during the phlebotomy procedure.

® Avariety of techniques can be employed to reduce pain and anxiety.
Effective methods use distraction. These may include listening to
music or a story, watching a video, playing with a toy, having a parent
provide distraction with talk or touch, using flash cards, and
squeezing arubberball. (Umanetal, 2013)

COLLECTION TUBES FOR PHLEBOTOMY

® Collection tubes can vary in size for volume of blood drawn,
appropriate to the tests ordered with sample size required, and vary
in the kind of additive for anticoagulation, separation of plasma, or
preservation of analyte. Larger tube sizes typically provide for
collection of samples from6to 10 mL.
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Gold Top

7 mi

ADDITIVE None

MODE OF ACTION  Serum separator tube (SST) contains a
gel at the bottom to separate blood from
serum on centrifugation

USES Chemistries, Immunology and Serology

Light Green Top

7 mi

)

ADDITIVE Plasma Separating Tube (PST) with
Lithium heparin

MODE OF ACTION Anticoagulates with lithium heparin;
Plasma is separated with PST gel at the

p— E bottom of the tube
— s USES Chemistries
® Smaller collection tubes for sample sizes of 2 mL or less may be
appropriate in situations where a smaller amount blood should be Purple Top
drawn, as in pediatric patients, or to minimize hemolysis during
collection, or to avoid insufficient sample volume in the collection =
tube. 0
J— — ADDITIVE EDTA
—_— 5 ) MODE OF ACTION Forms calcium salts to remove calcium
— USES Hematology (CBC) and Blood Bank
(Crossmatch); requires full draw - invert
8 times to prevent clotting and platelet
clumping
Red Top
E ) Light Blue Top
=
— T )
ADDITIVE None — b
MODE OF ACTION Blood clots, and the serum is separated
by centrifugation ADDITIVE Sodium citrate
USES Chemistries, Immunology and Serology, MODE OF ACTION  Forms calcium salts to remove calcium
Blood Bank (Crossmatch) USES Coagulation tests (protime and

prothrombin time), full draw required
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Green Top Black Top
E ) = )
= ~
ADDITIVE Sodium heparin or lithium heparin i )
MODE OF ACTION  Inactivates thrombin and thromboplastin ADDITIVE Sodium citrate (buffered) ,
USES For lithium level, use sodium heparin MODE OF ACTION Forms calcium salts to remove calcium
For ammonia level. use sodium or lithium USES Westergren Sedimentation Rate; requires
heparin ’ full draw
Orange Top
Dark Blue Top
- ] )
= "~
ADDITIVE EDTA- ADDITIVE Thrombin
MODE OF ACTION  Tube is designed to contain no MODE OF ACTION  Quickly clots blood
contaminating metals USES STAT serum chemistries
USES Trace element testing (zinc, copper, lead,
mercury) and toxicology
Light Brown Top
Light Gray Top
E
— z - )
= )
. . . ADDITIVE Sodium heparin
ADDITIVE Sodium fluoride and potassium oxalate MODE OF ACTION  Inactivates thrombin and thromboplastin;
MODE OF ACTION Antiglycolytic agent preserves glucose up contains virtually no lead
to 5 days USES Serum lead determination
USES Glucoses, requires full draw (may cause
hemolysis if short draw)
Pink Top
Yellow Top
- E e -
= )
o ADDITIVE Potassium EDTA
ADDITIVE ACD (acid-citrate-dextrose) MODE OF ACTION  Forms calcium salts
MODE OF ACTION Complement |r]act|vat|on . . USES Immunohematology
USES HLA tissue typing, paternity testing, DNA
studies
White Top
Yellow - Black Top
& — ~
=
. ADDITIVE Potassium EDTA
ADDITIVE Broth mixture | MODE OF ACTION  Forms calcium salts
MODE OF ACTION Preserves viability of microorganisms USES Molecular/PCR and bDNA testin
USES Microbiology - aerobes, anaerobes, fungi olecula a esting
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Haemolysis: A Major Challenge in the Lab

Haemolysis is defined as the release of haemoglobin and other
intracellular components from erythrocytes, thrombocytes and
leukocytes into the extracellular fluid i.e. the plasma or serum, following
damage or disruption of cell membranes. Haemolysed specimen is the
most common reason for rejection of specimens in the lab. Studies have
shown that out of the total specimens received in the lab, 3.3% are found
to be haemolysed, and out of the total rejected; 40-70% has been
identified to be due to haemolysis. The American Society of Clinical
Pathology has established a 2%, or lower, benchmark for haemolysis
rates amongst laboratory blood samples. Haemolysis may occur either
invivo or in vitro, and is a most undesirable condition that influences the
accuracy and reliability of laboratory testing. It has been observed that
3.2% of all detectable haemolysis is in vivo. In vivo haemolysis can
originate from hereditary, acquired and iatrogenic conditions, such as
autoimmune haemolytic anaemia, severe infections, intravascular
disseminated coagulation, haemoglobinopathies, drug transfusion
reactions etc. In vivo haemolysis does not depend on the techniques of
the healthcare provider and is virtually unavoidable and cannot be
resolved. In vitro haemolysis occurs more often and is caused by
improper sample drawing, improper sample processing and improper
sample transport (see figure 1).

Figure 1. In Vitro Hemolysis

IMPROPER SAMPLE DRAWING

Improper selection of the venepuncture site
Prolonged tourniquet time

Continuous clenching of the fist

Improper drying of the alcohol at venepuncture site
Needle guage

Tube underfilling

Syringe Transfer

Catheter IV collection

Traumatic draw

Capillary collection

SPECIMEN PROCESSING

Excessive mixing or vigorous shaking of the tube
Not allowing clotting for sufficient time

Applicator sticks

Time delay before centrifugation

Centrifuge conditions, Speed, time and temperature

TRANSPORT

Mechanical trauma drug transport

Temperature humidity at the time of transport

Length, speed and number of times the sample is transported.

IMPROPER SAMPLE DRAWING

One of the most important reasons for haemolysis is improper selection
of the venipuncture site. Drawing blood from distal arm rather than
anticubital fossa can result in haemolysis. A study done by Edward et al
clearly shows that the anticubital fossa may be more favourable than the
distal arm because of the faster flow of blood due increased diameter of
the vein and reduced resistance. Difficulty to locate easy venous access,
small or fragile veins (alternate sites to the anticubital area, such as small
hand veins, are fragile and easily traumatised) unsatisfactory attempts,
and missing veins can all lead to haemolysis. An improper venipuncture
is indicated by a slow blood flow due to the lumen of the needle not
centred in the vein, meaning the bevel opening of the needle is partly in
the vein and partly in the vein wall, leading to an increasing aspiration
force and rupture of the RBC. The Clinical and Laboratory Standards
Institute (CLSI) recommends the use of a tourniquet for localising
suitable veins for < 60 sec. Prolonged tourniquet time, or continuous
clenching the fist, results in rupture of the RBC. Venous stasis greater
than one minute affects potassium, calcium and albumin by 2.8%, 1.6%
and 3.5% respectively, and venous stasis greater than three minutes
affects potassium, calcium and albumin by 4.8%, 3.6% and 8.6%
respectively. Cleaning the vein puncture site with alcohol and not
allowing the site to air dry results in transfer of alcohol from the skin to the
blood specimen resulting in haemolysis. The choice of needle gauge
size is very important. The use of large bore needles may result in a
much faster and more forceful flow of blood through the needles
resulting in haemolysis. Using a smaller gauge needle results in a large
vacuum force applied to the blood and may cause sheer stress on the
RBC, causing them to rupture. The ideal gauge of needle for
venipuncture is usually 20-22. Haemolysis from excessive aspiration
force is relatively frequent, mainly in cases of small or superficial veins.
Pulling the syringe plunger back too fast or forcefully can result in
haemolysis. Forcefully expelling the blood from the syringe into the
blood tubes can also rupture the RBC. A study done by Edward et al
shows that under-filling tubes with blood will cause improper blood-to-
additive ratios (especially EDTA), resulting in haemolysis. Haemolysis
can be avoided by filling the tubes to the required level. When blood is
drawn from a peripheral IV catheter, a higher incidence of haemolysis
occurs due to frothing of the blood from a loose connection of the blood
collection assemblies.

SPECIMEN PROCESSING

Excessive mixing or shaking of the blood after collection, not allowing to
clot for recommended amount of time (30 mins), use of applicator sticks
to dislodge the fibrin, prolonged contact of serum or plasma with cells,
failure to separate serum from red cells within 60 minutes of
venipuncture, exposure to excessive heat or cold, can all cause RBC
rupture and haemolysis. Centrifugation at too high a speed frequently
compromises the integrity of the blood samples. Re-centrifugation (re-
spin) of tubes with gel separators (the gel barrier may open and allow any
supernatant that has been in contact with erythrocytes, to mix the
supernatant previously above the separator).

TRANSPORTATION

Mechanical trauma during transport may occur, resulting in haemolysis.
Variable factors such as temperature, humidity, length, speed, and
number of times the specimen is transported, as well as the number of
angles or turns the system uses also affects the integrity of the sample.
Placing ice or frozen gel packs directly on tubes of blood can result in
haemolysis.
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HAEMOLYSIS INDEX/SERUMINDEX

The index aids in evaluating sample integrity by determining the level of
haemoglobin in serum or plasma. It improves the quality of reported
results, in almost no time, with minimal cost and also improved handling
of paediatric samples.

The extent of haemolysis can be detected in two ways:

1. Visual haemolysis detection

2.Automated Serum Index.

Visual haemolysis detection Visually, haemolysis is defined as free
haemoglobin concentration >30-50mg/dL conferring detectable pink/red
hue to serum or plasma. It becomes clearly visible in specimens
containing as low as 0.5% lysed erythrocytes. It is based on comparing
patient samples with photographs of samples containing various
concentrations of haemoglobin. Drawbacks of the visualising method
are that it is unreliable since it may over and underestimate the actual
prevalence of haemolysed serum specimens (i.e., trained observers are
unable to accurately rank the degree of interference in serum). Elevated
concentration of bilirubin may further impair the ability to detect
haemolysis by visual inspection and therefore lead to serious
underestimation of haemolysis in neonatal samples, where elevated
bilirubin concentration is commonplace.

Automated Serum Index This is by directly measuring haemoglobin
concentration photometrically followed by comparing it with the serum
index values for haemolysis that have been determined by the
instrument vendor. (These values represent the levels at which the
haemoglobin significantly interferes with the analyte testing.) The
advantage of an Automated Serum Index is its consistency,
reproducibility and improvement in detection of haemolysis.

Notable examples of tests affected by hemolysis are found in the table
below.

Degreeof | Testresult Testresult Testresult
changein | increased by decreased by |increased or
analyte hemolysis hemolysis decreased by
hemolysis
Slight Phosphate, Total Protein, Haptoglobin,
change Albumin, Magnesium, Bilirubin
Calcium,
Alkaline Phosphatase
Noticeable | Alanine Amino Transferase,
change Creatinine Kinase, Iron,
Coagulation tests
Significant | Potassium, Troponin T Hemoglobin,
change Lactate Dehydrogenase, Red Blood Cells,
Aspartate Amino Transferase MCHC, Platelet Count

Note: If the specimen is grossly hemolyzed, a recollected specimen will be
requested. If the recollected specimen is also grossly hemolyzed, it will be
processed and acomment added.

INFLUENCE OF HAEMOLYSIS ON ROUTINE CLINICAL TESTING

B | eakage of haemoglobin and other intracellular components into the
surrounding fluid may induces false elevation of some analytes or
dilution effect. If the analyte in question is present in a higher
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concentration in blood cells than in plasma, then the analytical value
will be increased. Conversely, if the concentration in blood cells is
lower, the plasma becomes diluted, and the analytical result is too
low. Caraway reported that erythrocytes contain 160-fold as much
lactate dehydrogenase, 68-fold as much acid phosphatase, 40-fold
as much aspartate aminotransferase, and 6.7-fold as much alanine
aminotransferase as does plasma

B Haemoglobin absorbs light strongly at 415, 540 and 570nm.
Haemolysis therefore increases absorption in this wavelength range
and causes apparent increase in the concentration of analytes
measured in this range

B |n addition to haemoglobin, erythrocytes also contain proteins,
enzymes, lipids and carbohydrates and many of these may also
interact or compete with the assay reagents. e.g. free haemoglobin
with its pseudo-peroxidase activity interferes in the bilirubin
procedure by inhibiting the diazonium colour formation and thereby
resulting in low values. Increased concentration of CK is most likely
due to analytical interference, due to release of intracellular
adenylate kinase, which is not completely inhibited under operating
conditions

B Release of intracellular and thromboplastic substances from either
leukocytes or platelets, results in prolongations in prothrombin time
and dimerised plasmin fragments D(D-dimer) whereas shortening of
activated partial thromboplastin time and decrease in fibrinogen
values.

OVERCOMING THE CHALLENGE OF HAEMOLYSIS

There should be proper laboratory guidelines and recommendations for
the management of haemolysed samples. Proper training and
knowledge of the factors that can influence laboratory results, along with
appropriate training of the phlebotomists, are essential prerequisites to
minimise errors. Every laboratory personnel should be trained properly.
Standardised blood collection and handling procedures should be
followed. Collection from a haematoma site and prolonged tourniquet
time should be avoided. Equipment and connections that may lead to
turbulent blood flow leading to haemolysis should be avoided. Vigorous
mixing of the specimens after collection should be prevented and
appropriate conditions of temperature and humidity should be
maintained. Standardised practices for sample transportation and
storage should be observed. The blood specimens should be
centrifuged within a suitable time of collection, with appropriate
conditions of centrifugation (force, spin, time and temperature),
supernatant (serum or plasma) timely separated from the blood cells
unless the primary tube is provided with a gel separator. There has
always been a debate as to whether we should or should not process the
haemolysed samples. Basically when a haemolysed sample reaches
the laboratory, we can; 1. Reject the sample for analysis and ask for re-
collection 2. Perform the analysis and report the results with a comment
3. When a haemolysed sample is referred to the laboratory, the
personnel should always ask for new sample(s). In case new sample(s)
cannot be obtained, it is the responsibility of the laboratory specialist to
communicate the problem to the concerned physician and seek for the
best solution for the best of the patient care. It is pointed out by the
authors of the recommendations that it is always better not to report the
result rather than producing spurious data on unsuitable samples.
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Blood Samples Transportation

This protocol is for human clinical blood specimens collected for analysis
and to be transported. Collect specimens and package them for
shipment as described below unless otherwise directed.

REQUIRED SPECIMENS

Collect the specimens defined below. Blood should be collected only by
trained personnel using aseptic methods and working under the
direction of a qualified, licensed practitioner. Standard venipuncture
blood collection and handling procedures (CLSI Guideline H3 and H18)
should be followed.

SPECIMEN COLLECTION

Collect a whole blood specimen into the type of blood tube as directed.
The tube will be one of those listed below. Collect the specimen by full-
draw, vacuum-fill only (unopened) directly into the blood tube. Do not
collect by a syringe draw and transfer. Plastic (PET) tubes are preferred.
Lavender-top (EDTA) tube. Mix by inverting 8-10 times. Gray-top
(oxalate/fluoride) tube. Mix by inverting 8-10 times. Green-top (heparin)
tube. Mix by inverting 8-10 times.

EVIDENTIARY REQUIREMENTS

Apply evidence tape and the tape applicator’s initials to each specimen
container and secondary packaging as described below. Evidence
tape- Place a single, unbroken strip of waterproof, tamper-evident
forensic evidence tape on the container being careful not to cover the
specimen ID label. Begin by sticking the tape to the specimen container
at one side, somewhat below the top, then apply it over the top, and
finally bring it down and stick it to the opposite side of the container. Also
apply evidence tape to the blank containers. Initialing - The individual
applying the evidence tape must write their initials in indelible ink on the
tape and container so their initials are approximately %z on the tape and
Y on the container. Apply tape to the secondary container and initial in
the same manner. Chain-of-custody - A chain of custody form must be
completed for the specimens. Chain of custody forms do not need to be
transported with specimens. Each entity/organization handling the
specimens is responsible for the specimens only during the time that
they have control of the specimens. Each entity/organization receiving
the specimens must sign-off on the chain of custody form of the
entity/organization relinquishing the specimens to close that chain.
When receiving specimens, each new entity/organization must begin
their own chain of custody and have the entity/organization relinquishing
the specimens sign their chain of custody to start the chain and indicate
that they have transferred the specimens. When specimens are
transferred between entities/organizations, each entity/organization
retains their chain of custody forms. NOTE: When the individual
relinquishing the specimens (relinquisher) and the individual receiving
the specimens (receiver) are not together at the time of specimen
transfer, the relinquisher will document on their chain of custody that the
receiver is Courier Tracking Number or have the individual transporting
the specimens sign the chain of custody to indicate that they have taken
control of the specimens. Likewise, when the receiver receives the
specimens, they will document on their chain of custody that the
relinquisher is Courier Tracking Number or the have the individual
transporting the specimens sign the chain of custody.

STORAGE REQUIREMENTS
Specimens must be refrigerated within 30 minutes of collection and
maintained at refrigeration temperature (4°C) continuously. Do not

freeze blood specimens. BLANKS: Tube blanks for measuring
background contamination must be included with each shipment of
specimens. For each lot number of tubes used for collection, please
provide two (2) unopened tubes.

DOCUMENTATION AND LABELING

Label specimens with labels generated by your facility. Follow your
facility's procedures for proper sample labeling. Do not include any
personal identifiers on the specimen containers. Inclusion of the
collector’s initials, and date and time of collection will allow law
enforcement officials to trace the specimen back to the collector should
there be a need to have the collector testify as to the specimen collection.
Maintain a list of names with corresponding sample identification
numbers or bar codes at the collection site to enable results to be
reported to the patients. Prepare an itemized shipping list for each
secondary package.

PACKAGING SPECIMENS FORTESTING

Follow all current regulations in the packaging and shipping of
specimens. Pack and ship these samples as DIAGNOSTIC
SPECIMENS. Packaging for diagnostic specimens requires triple
packaging, consisting of a leak-proof primary receptacle (the tube), a
leak-proof secondary packaging that meets 49CFR173.199(b), and an
outer packaging. Use styrofoam-insulated corrugated fiberboard outer
packaging containers. Specimens must be maintained at refrigeration
temperature (4°C) during transportation. Secondary packaging:
Primary receptacles must be packed in secondary packaging so they will
not break, be punctured, or leak their contents into the secondary
packaging under normal handling conditions. Fragile primary
receptacles packaged together must be individually wrapped or
separated so they are not in physical contact. If more than one type of
blood tube specimen s collected package them into separate secondary
containers. Separate each tube of blood collected from other tubes (e.g.,
using a gridded box or a foam rack) or wrap tubes to prevent contact
between tubes. To facilitate processing upon receipt, package blood
tubes so that similar tubes are packaged together (e.g., all purple-tops
together) and not mixed (i.e., purple-tops and green/gray-tops in the
same package) in the secondary packaging. Place absorbent material
between the primary receptacle and the secondary packaging. Use
enough absorbent material to absorb the entire contents of primary
receptacles. Place tubes in secondary packages. A variety of secondary
packages may be used, for example, a gridded box wrapped with
absorbent material and sealed inside a rigid leak-proof container or a
two-part system of a plastic bag and envelope. Secondary containers
must be marked with a Biohazard warning label or be completely red in
color. Wrap a single continuous piece of evidence tape around the
secondary container and initial, in indelible ink, %2 on the tape and %2 on
the packaging. Outer packaging: Use Styrofoam-insulated corrugated
fiberboard containers. Outer packaging may not exceed a 4 L (1 gallon)
capacity. Place additional absorbent material in the bottom of the outer
container for cushioning and to absorb condensation from the cold
packs. Add a layer of frozen cold packs. Do not use ice. Place secondary
containers on top of the cold packs. Both purple-top and gray/green-top
containing secondary packages may be packaged in the same outer
packaging. Place additional cold packs or absorbent material between
the secondary containers to reduce their movement within the outer
container. Place a layer of frozen cold packs on top of the secondary
containers. Place a complete, itemized list of contents (with sample
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identification numbers) in a plastic zippered bag on top of the secondary
packaging before closing the Styrofoam lid. Place the completed chain-
of-custody forms in a plastic zippered bag on top of the Styrofoam lid.
Affix labels and markings on the top of the packaging to increase the
probability the package will be kept in the upright position. Clearly label
the package with “From” sender’s address and “To” recipient’s address.
Ensure that two (2) upwards-pointing orientation arrows are located on
two opposite sides of the outer container. Place a label on the outer
container that indicates the proper name, “DIAGNOSTIC SPECIMENS”
adjacentto the shipper’s address that appears on the package.

Crix

CRITERIAFOR SPECIMEN REJECTION

Specimens may be rejected if any of the following conditions are evident
upon receipt: Specimen tube is broken or leaking. Specimen has
warmed above 8°C. Primary receptacle not sealed with evidence tape.
Evidence tape has been tampered with. ltemized list of specimens is not
included.
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Specimen Preparation

ALLPOTENTIALLY INFECTIOUS MATERIAL SHOULD BE HANDLED,
LABELEDAND TRANSPORTEDACCORDINGLY.

Itis essential that the following instructions be followed exactly to assure
delivery of a specimen that is adequate for testing. All specimens must
be properly identified by indicating the patient's name on every tube or
container. The test request form has to be completed and has to include
the time and date of the specimen collection, as well as the signature of
the Physician requesting the patient's tests.

CHEMISTRY, HEMATOLOGY AND MISCELLANEOUS

Blood: When whole blood is requested, obtain the full amount into a
vacuum tube. Lavender, Gray, Green, and Blue Top tubes contain
different anticoagulants that inhibit blood coagulation. When drawing
these specimens, immediately invert the tube 10-12 times. Do not shake
the tube as this can cause Hemolysis or else dispense required quantity
of blood into appropriate non-vacuumed vials and gently mix several
times.

Serum: Obtain sufficient blood to yield the required volume of Serum. A
plain Red Top tube or Red/Mottled top Barrier tube (Corvac, SST, etc.)
should be used. When drawing these specimens, immediately invert the
tube 5 times. Allow the blood to clot for about 30 minutes and centrifuge
for 15 minutes to separate the serum. If a Barrier tube is used, no other
manipulations are required. Make sure that the gel has formed a thick,
solid, intact barrier between the serum and the clotted cells. If the gel
trails into the bottom of the tube, re-centrifuge the tube for another 10
minutes. If a plain Red Top tube or an ordinary bulb is used, transfer the
serum with a pipette to a Transfer tube. Itis important to avoid hemolysis.
Serumin contact with red cells will produce erroneously high Potassium,
LDH, and SGOT results and erroneous low Glucose results. Red top
tubes for blood banking specimens should not be centrifuged.

Plasma: Treat the specimen as in blood (above)

Urine:

Urinalysis: To adequately test urine specimens the sample should be
collected in a tube with a stabilizing chemical present. The tube provided
contains a yellow "pop off" cap and a "Stabilur" tablet (or any other
stabilizing substance) which preserves the formed elements such as red
cells, white cells, casts and epithelial cells. For urinalysis, use a paper
cup and transfer about 10 mL of urine to the stopped tube. If no stabilizing
substance is used test the urine sample immediately or within an hour at
best.

Urine Chemistry: Most assays require a 24 hour collection that should
contain boric acid, hydrochloric acid, or sodium carbonate as a
preservative. Some analysis require a urine specimen without any
additive. Refer to the specific test in this Compendium for specific test
details. Instruct the patient to discard the first urine voided upon arisingin
the morning and thereafter save all urine specimens in the 24 hour
container, including the first morning voiding of the following day. Fluid
intake during the 24 hour period should be restricted as much as
possible. Measure the 24 hour volume and record it on the container and
the test request form. Keep the specimen refrigerated until picked up by
the laboratory.

Urine, Drugs of Abuse (DAU): For routine DAU testing, submit a
specimenin a blue "pop-off" capped tube.

Urine Culture: Collect the urine into a yellow-label screw capped vial
(Boricon). It is not necessary to urinate directly into the vial. It is
satisfactory to urinate into a paper cup (non-sterile) and to immediately
pour the specimen into the Boricon. Refrigerate the specimen as soon as
possible. Otherwise sample may be collected in a sterile urine culture
container, if delay is expected, refrigerate (not freeze) the specimen.

Frozen Specimens: Certain tests must be submitted frozen because of
the stability of the analyte being tested. Keep all frozen specimens
separate from the routine tests and submit a separate test request form.
As soon as possible separate the serum or plasma and transfer to a
plastic transfer tube. Place the specimen in the office freezer and keep
until it is solid. Notify the laboratory Logistics Department as soon as
possible that you have a frozen specimen for pick up.

PLEASE STORE YOUR SPECIMEN IN THE REFRIGERATOR OR

FREEZER UNTIL PICK UP, UNLESS SPECIFICALLY INSTRUCTED

TO DO OTHERWISE. Your driver will pick up specimens from the nurse

orreceptionist at your office or from a box outside your door if after hours.

Cytology: Use Cytology requisition form for all Cytology specimens.

Relevant clinical information should be written down in the space

provided.

Directions for making Direct Smears:

1. Write patient's name with lead pencil on frosted end of clean slide

2. Spread material evenly over slide

3. Fiximmediately with cytology spray fixative from a distance of 10- 12
inches until liquid droplets form

4. Allow slides to dry before sending outin designated slide holders.

Directions for sending Fluids (Collected or Aspirated):

1. Write patient's name on container.

2. Allfluids including gastric washings, pleural and peritoneal (ascitic)
fluids, have to be placed in a container with an equal volume of 50%
ethyl alcohol.

3. Send fluidimmediately in securely closed containers.

NOTE: A sputum specimen will be considered unsatisfactory for

diagnosis if no pigmented macrophages (dust cells) are present.

Aspiration Biopsy by Fine Needle (FNA):

1. Use the form for Non-Gyn Cytology for all FNA requests. Relevant
information and clinical data should be written down as requested, in
the space provided.

2. Solid masses: Do direct smears and spray with Cytology spray
fixative immediately

3. Fluids: Add directly to fixative supplied in special container.
Method For Obtaining An Optimum Fine Needle Aspiration
Specimen:
A high percentage of smears are difficult, and sometimes impossible, to
accurately diagnose. This difficulty is primarily due to poorly preserved
cellular material or a lack of adequate cellular material. Poorly preserved
material is usually due to a delay in fixing the smears or spraying them
too closely with the fixative and freezing the material. Alack of adequate
cells is generally the result of a hypocellular cystic fluid spread too thinly
overthe slide

Bio-Reference recommends the following procedure

Fine needle Aspiration Technique

Local anesthesia is not necessary.

1. Cleanthe skin overlaying the mass with an antiseptic

2. Afterthe needle has entered the mass, retract the plunger to create a
vacuum in the syringe

3. Move the needle back and forth several times in the lesion as the
material is being sucked into the needle by negative pressure

4. The cell sample should remain in the needle and should not be
visible in the syringe barrel

5. Before withdrawing the needle from the lesion, the suction must be
released to avoid aspiration of the material into the syringe barrel.

Slide Preparation

6. The needle is quickly detached from the syringe and the plunger is

Chix




retracted to allow air to fill the syringe

7. Reattach the needle and eject its contents forcefully onto the slides
by pushing down on the plunge

8. With the two slide method, place the slides together and gently pull
the slides apart with one continuous motion

9. IMMEDIATELY PLACE THE SLIDE(S) IN 50 ML TUBE
CONTAINING 95% ALCOHOL to achieve preservation of material

10. After slides are prepared, the syringe is thoroughly rinsed in a
separate 50 mL tube of 95% alcohol. Both tubes are then sent along
with slides and/or cyst fluid to the laboratory where the specimen is
processed using the cytocentrifuge. Using this procedure, even the
most hypocellular specimens will generally show a yield of cells
which is adequate for diagnosis.

ThinPrep Pap Test Broom-Like Device Protocol

1. Obtain an adequate sampling from the cervix using a broom-like
device. Insert the central bristles of the broom into the endocervical
canal deep enough to allow the shorter bristles to fully contact the
ectocervix. Push gently, and rotate the broom in a clockwise
direction five times

2. Rinse the broom into the Preservative Solution vial by pushing the
broom into the bottom of the vial 10 times, forcing the bristles apart.
As afinal step, swirl the broom vigorously to further release material.
Discard the collection device

3. Tighten the cap so that the torque line on the cap passes the torque
line onthe vial.

4. Record the patient's name and ID number on the vial. Record the
patient information and medical history on the cytology requisition
form.

5. Place the vial and requisition in a specimen bag for transport to the
laboratory.

Directions for Obtaining a Routine Cervical Smear

Do not use lubricating gel. Do not use Q-tip to obtain endocervical cells;
consider using endocervical brush or a specially designed wooden/
plastic spatula. Do not obtain during menstruation. Obtain a direct
scrape of the cervix, preferably at the junction between exocervix and
endocervix; consider adding a vaginal pool sample to the cervical
sample in women over 40 years of age. Follow directions for making
Direct Smears.

Note: In order to comply with the standards established internationally,
the following guidelines should be followed. The pap smear will be
reported as unsatisfactory with the following conditions: Smears
unlabeled. Scant cellularity. Poor fixation or preservation. Cells are
obscured by inflammation, foreign material or blood. Not representative
of anatomic site. Slides broken beyond repair.

A Gyn pap smear will be considered less than optimal when there is no
endocervical component present.

Directions for Obtaining a Vaginal Smear for Hormonal Evaluation
(Maturation Index)

Do not use lubricating gel. Obtain a lateral vaginal wall scrape. Follow
directions for making Direct Smears.

Directions for Obtaining Gastrointestinal Tract Washings

Collect fasting specimen and put in labeled container. Inject 300 mL of
normal saline rapidly. Aspirate as much as possible of the injected
saline and place in labelled container. If possible, repeat steps 2. and 3.
with patient in different positions. Specimens may be pooled or
collected separately in containers of 95% alcohol. Send immediately to
lab.
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Directions for Obtaining Urine for Cytology

Specimen can be randomly collected anytime. Female patients should
be instructed to wash their genitalia with soap and water prior to
collection.

Void directly into container with 50% alcohol. Send immediately to the
laboratory in securely closed container.

Note: INCLUDE PATIENT AGE AND PERTINENT CLINICAL DATA ON
THE REQUEST FORM. If there are any questions about specimen
collection or if you need to order the container of fixative, call the
Laboratory's Cytology Department.

Pathology, Anatomic (Biopsies and Surgical Specimens)

General Instructions: Use Surgical Pathology requisition form for all
biopsies and surgical specimens. Relevant clinical information should
be written down in the space provided. Write patient's name on
specimen container. Place all tissues immediately in 10% buffered
formalin at ten times the volume of the specimen. Specimen containers
with 10% formalin are provided by the laboratory. Send immediately to
the laboratory in securely closed container. For additional information,
please contact the laboratory.

Collection and Transport of Microbiology Specimens:

Correct specimen collection and transport of clinical specimens to the
laboratory are extremely important for rapid and accurate identification
of significant microorganisms from patient samples. Please send
separate test requisitions for each culture.

General Consideration for Collection and Transport: Use sterile
technique and transport to the laboratory as soon as possible. Close
collection containers securely to prevent leaking of sample during
transport. These specimens are biohazards. Whenever possible obtain
specimens prior to the administration of antibiotics. Do not use expired
tubes or media for specimen collection. Please write the patient's name
on each specimen container. Send specimens in one of the following
transport systems: Swabs with transport media (culturettes): eye, ear,
nose, stool, strep screen, throat, wounds- give site. (Hold at room
temperature or refrigerate). Non sterile containers: sputum. Sterile
containers: body fluids (except blood and urine, see below). Special
transport systems: Blood - 2, 20 mL vacutainer tubes with
Supplemented Peptone Broth (or any other system). G.C. Specimens -
Urethral discharge or any source: JEMBEC plates with bag. Urine -
Container with preservative (boric acid) "Boricon" or even ordinary
sterile urine culture container could do. Parasitology - Special collection
kits with Formalin and PVA.

Body Fluid Culture (For PD fluid see Peritoneal Fluid)

Pleural, pericardial, and synovial fluids must be aspirated aseptically.
The body site should be disinfected with an iodophor/povidone prior to
aspiration. Use sterile technique. Inoculate into sterile tube or container
orblood culture media.

Blood Culture

Disinfect body site with iodophor/povidone prior to venipuncture. Use
sterile technique. Inoculate 2 vacutainer tubes containing 18 mL
Supplemented Peptone Broth (SPB) - 2 mL draw. disinfect top of tubes
with alcohol prior to inoculation. Two sets from separate venipuncture
sites recommended. If appropriate Hartleys' broth and Glucose broth
may suffice.

Eye, Ear

Collect specimen with a culturette swab. After collection, place swab
back into plastic tube. REFRIGERATE OR LEAVE AT ROOM
TEMPERATURE.
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Fluid

See Body Fluid or Peritoneal Fluid

Environmental (Water and Dialysate) Cultures

See separate instructions for use of Millipore Sampler

Genital Culture

Collect these specimens using a Culturette swab. The swab may be
used to culture urethral exudate or inflammation of the vaginal area.
While these specimens are not optimal for gonococcal isolation, the
diagnosis of vaginitis or urethritis may be made by the recovery of other
pathogens. Swabs must be stored at room temperature until transported
to the laboratory. If Gonorrhoeae is suspected, do mention that the
purpose of the investigation is for Gonorrhea Culture.

Gonorrhea Cultures

JEMBEC (or any other system) plates are provided for the isolation of
Neisseria gonorrhoeae from rectal, pharyngeal, and genital sites.
JEMBEC plates contain antibiotics to allow the isolation of N.
gonorrhoeae from these heavily contaminated areas and must be stored
at refrigerated temperatures before use. However, it is important that
they be at room temperature at the time of inoculation because cold
temperatures inhibit growth of gonococci. Exudate is obtained with a
sterile swab and immediately inoculated on the JEMBEC agar. Urethral
discharge may be collected with a swab which is then immediately
streaked onto the agar surface. A CO, atmosphere is necessary to
recover neisseria gonorrhoeae. This may be performed by placing a CO,
generating tablet in the small well present in the plate. The plate is then
sealed in a plastic bag. No water is needed to activate the tablet. ONCE
SEALED, THE BAG SHOULD BE STORED AT ROOM TEMPERATURE
UNTILTRANSPORTED TO THE LABORATORY.
Gonorrhea/Chlamydia DNA Probe

Specimen collection swabs and transport media are supplied by the
laboratory. Remove excess mucus from the cervical os and surrounding
mucosa using one of the swabs provided; discard this swab. Insert the
second swab from the collection kit 1.0 - 1.5 cm into the endocervical
canal. Rotate the swab 30 seconds in the endocervical canal to ensure
adequate sampling. Withdraw the swab, avoiding any contact with the
vaginal mucosa. Insert this swab into the Gen-Probe transport tube,
snap off the shaft at the score-line, cap the tube, and store at 2 - 25°C
until tested.

Mycology (Yeast)

Cultures for yeast can be submitted on a Culturette. For fluids and
sputum, best results are obtained by submitting the entire specimen. If
dermatophytes are suspected, the specimen should be submitted in a
dry sterile tube.

Nasal Culture

A Culturette swab is gently inserted through the nose to the posterior
nasopharynx where it is gently rotated. It should remain in this position
for several seconds. The withdrawal should be slow to minimize
irritation. Place the inoculated swab into the sterile plastic tube and crush
theampule.
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Parasitology Specimens

Stools for Ova and Parasites should be shipped in Ova and Parasite kits-
5 gm minimum of stool in EACH of the paired vials. CLEAR tape
preparation or pinworm paddle is appropriate for submission of
specimens for pinworm examination. Submit intact parasites (insects or
worms)in 70% alcohol.

Peritoneal Fluid or Dialysate Culture

Disinfect bag's injection sampling port. Use sterile collection technique.
Inoculate 3 mL each into four vacutainer tubes with SPB (Supplemented
Peptone Broth). Disinfect top of tubes with alcohol prior to inoculation.
Sputum Culture

Instruct the patient to obtain material from a deep cough which is
expectorated into a sterile container. Sputum containers are best suited
for this collection. The volume of specimen need not be large (3 mL).
Once collected, sputum should be refrigerated until transport. Be sure
that the cap is tightly sealed on the container once the specimen is
collected. Aleaky container s a biohazard.

Stool Culture

Use Culturette swab. Obtain pea-size feces on swab and place in
culturette.

Throat swab Culture

Use Culturette swab to obtain all types of throat specimens. Rub the
sterile swab firmly over the back of the throat (posterior pharynx), both
tonsils or tonsillar fossa, and any area of inflammation. Once the
specimen is collected, the swab should be replaced in the plastic tube
and the ampule at the base crushed to wet the swab.

Throat, Group A Strep Screen

Use Culturette to obtain specimen for Group A Strep only. Results take
oneday versus 2 - 3 days for complete culture.

Urine Culture Screen

Collect a "clean-catch" mid stream urine into a paper cup. Immediately
transfer to Boricon tube with Bacteriostatic preservative. A first morning
specimen is preferable and should be refrigerated until pick-up.

Note: Itis not necessary to collect a specimen for culture in a sterile cup if
the urine isimmediately transferred to the Boricon tube.

Wound Culture

A superficial wound culture should be collected with a Culturette swab.
After collection, place swab back into plastic tube, and refrigerate or
leave at room temperature until transport. If the lesion is not open, a
sterile needle and syringe should be employed to remove material. the
culturette may be inoculated with this sample.

Important

All test requests are to be signed by the ordering physician and the time
and date of the specimen collection are to be clearly added to the request
form.

Note: Reference Ranges are method dependent and may change if a
methodology changes. Check the final report for all reference ranges.
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Specimen Quality

Hemolysis

Some analytes may be reported erroneously if the serum is not promptly
removed from the clot, orif the barrier tube is not centrifuged after the clot
has formed.

Major discrepancies are low glucose, high potassium and LD.
Additionally, if hemolysis takes place during initial processing and
venipuncture, or if prolonged contact with the clot takes place, elevation
in cholesterol, creatinine, iron, phosphorus, calcium and most enzymes
will be found. Hemolyzed hematological specimens are unsuitable for
testing.

Quantity Not Sufficient (QNS)

Most hematology tests require that a full tube of blood be obtained. This
is because there is a defined quantity of anticoagulant in each tube and
the ratio of this to the blood volume has to be exact to ensure quality
results. Particularly important are blue-top tubes used for Blood
Coagulation tests. For prothrombin time, activated partial
thromboplastin time and fibrinogen determinations exactly 4.5 mL of
blood must be obtained (a full tube). The ratio is 1 part of 3.2% buffered
sodium citrate added to 9 parts of blood. For CBCs a "short draw"
lavender tube will result in red cell crenation, reduced MCV and
hematocrit, and possible changes in leukocyte morphology, platelets
and total leukocyte counts.

Clotted Specimens

Allhematological testing utilizes anticoagulated blood.

For blood counts, a lavender top tube containing the anticoagulant EDTA
is required. All specimens should be collected and the tube filled to the
limit of the vacuum. Clotted samples, either macroscopic or microscopic
in nature, cannot be processed for CBC testing, as such results will
produce false leukopenia, lower red cell counts, and aberrant red cell
indices.As the equipment used to test blood counts incorporates a clot
detector, it is occasionally possible that specimens that appear
macroscopically normal will have small microscopic clots that are

detected which will produce incorrect results. Similarly, small clots found
in blue top tubes (for coagulation tests) will resultin falsely prolonged test
results.

Icteric Specimens
If the specimen is deeply icteric, falsely elevated cholesterol results may
be obtained. Italso interferes with usual creatinine estimations.

Lipemic Specimens

Lipemia can falsely elevate ALT and AST. Additionally, it can indicate that
the patient did not adequately fast for 12-18 hours before having the
specimen collected. In this situation, glucose and triglycerides will be
elevated.

Decreased Bilirubin
Bilirubin is photodegradable. Prolonged exposure of the specimen to
bright light will produce depressed results.

Decreased CO, Levels

Carbon dioxide levels are decreased if the specimen is not tested
promptly. CO, escapes from red cells in vitro, at a rate proportional to
time. This can be minimized by keeping the stopper on the tube and by
refrigeration.

Poor Cell Preservation

Blood cells, particularly leukocytes become fragile and can be distorted
morphologically if the specimen is older than 24 hours. In such
situations, a reliable differential white cell count cannot be performed.

Old Specimens

Blood specimens older than 24 hours cannot be adequately tested for
some analytes. Particularly sensitive are most Hematology tests
including Blood Coagulation procedures.
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Specimen Form Submission

Request Forms
Use individual requisition forms available from the laboratory. All test
requests require a physician's written order to process a specimen.

Follow the collection instructions for each type of specimen.

Patient Identification

All patients from whom clinical specimens are obtained must be
positively identified, utilizing at least two unique identifiers prior to
specimen collection. Positive identification is the responsibility of the

person collecting the sample.
® Required Information
® All specimens must be labeled.

Specimen Labeling: The following information must be legibly recorded
on a label affixed in an irreversible fashion to the specimen container:
Patient's full name (nota nickname)

Medical Record Number or other unique identifier (ID)

Date and, if appropriate, time when specimen was obtained
Specimen source

Signature/initials of collector

The label should be affixed directly to the specimen container and
notthe bag

Bar-coded pre-printed labels with accession numbers generated by
an information system may be used

® Place the labeled specimen in the provided leak proof sealed plastic
biohazard bag

® Place the matching requisition in the outside pouch of the bag.

Transport specimens promptly: See specific test for temperature
requirements. The date and signature/ initials of the collector must be
recorded after the specimen has been collected and after verifying that
the patient name and ID on the label agrees with that on the test
requisition. This is the single most important factor in preventing errors
in patient specimen identification.

Use of a request form wrapped around the container is not acceptable
as a specimen label. Specimens will not be accepted if the information
on the specimen label does not match the information on the
accompanying requisition.

Required Information on the Requisition Form

On all requests forms, the following information is required

® Patient'sname & address

Patient's gender

Date of birth

The last six digits of the patient's social security number or other
unique identifier (ID#) wherever mandatory legally and applicable
Date and ifappropriate, time of collection

Test/srequested

Type or source of the specimen

Requesting physician/ or Client Number

Clinical information if requested

All applicable medical necessity codes (ICD-9)

Complete billing and insurance information wherever indicated.

Providing additional relevant information may be important in alerting
the laboratory of the need for special handling or specimen work-up.
Tests sent to reference laboratories must have patient history
information. The need for such information is indicated on the test
request form.

Reliability and Value of Test Results

The reliability and value of test results depends on numerous factors.
Improper collection, transport, or processing of a specimen can
decrease the quality of patient care or result in unnecessary additional
testing or treatment. Laboratory personnel cannot label specimens nor
complete requisition forms (source, time of collection, patient's name),
which they have not collected. Mislabeled (specimen label does not
match requisition) or unlabeled specimens should be rejected.
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Nongynecological Cytology Practice Guidelines

Quality Control and Quality Assurance Practices

Quality control (QC) and quality assurance (QA) can be considered as
the first two levels, respectively, in the hierarchical stages of quality.
Quality control is defined as a system for verifying and maintaining a
desired level of quality using operational techniques for an individual test
or process. Quality control activities span the testing process, from pre-
analytic (specimen collection and processing) through analytic
(interpretive) and post-analytic (receipt of the report and analysis of
results) phases. Quality assurance (QA) is defined as systematic
monitoring of quality control results and quality practice parameters to
assure that all systems are functioning in a manner appropriate to
excellence in health care delivery. Quality assurance is a coordinated
system designed to detect, control and prevent the occurrence of errors
and, ultimately, to further a clinician’s ability to appropriately care for his
or her patient. The third stage, quality system, consists of the
comprehensive and coordinated efforts to meet quality objectives
including the organizational structure and resources. Quality
management, the fourth stage includes the first three and also the cost of
quality. The hierarchy culminates with total quality management, which
is management centered on quality, and aimed at long-term success
through customer (patient, physician and payer) satisfaction. A number
of quality control and quality assurance measures for cytopathology
have been specified by the Clinical Laboratory Improvement
Amendments of 1988. All QC and QA processes must be described and
documented in the laboratory. Pre-analytical Quality Control: Each
laboratory must perform and maintain records of routine quality control
relating to specimen collection, receipt and preparation. Most of these
activities are required by lab accreditation agencies and include such
things as: Preparation and distribution of clinical specimen collection
and handling instructions, Assurance of properly labeled specimens,
Use of a requisition that provides space for all pertinent demographic
and clinical data, Accessioning and assignment of a unique specimen
identifier, Criteria for specimen rejection, Review of stain quality and
maintenance of stain quality records, Procedure for preventing
nongynecological specimen cross contamination, Microscope and
instrument maintenance, Instrument calibration records.

Analytical Quality Control

Screening of Nongynecological Cytology Specimens: Federal
regulations require that the individual examining a cytology specimen be
a qualified cytotechnologist or pathologist in a certified laboratory. These
individuals may examine up to 100 slides (gynecological and
nongynecological) per 24 hours (average 12.5 slides/ hour) and in not
less than eight hours. This number is not a performance target but a
maximum allowed by law. Pathologists are limited by this ceiling when
they perform primary screening. This includes nongynecological slides
that have not been previously screened. Each laboratory must establish
individual workload limits for each cytotechnologist. The Technical
Supervisor of the laboratory must review these limits every six months
and re-assess using lab defined performance standards. The record of
slides reviewed by the primary screening cytotechnologist or pathologist
must be documented and retrievable for inspectors during the retention
period as prescribed. Cytotechnologists and pathologists must also
maintain work logs for any primary screening site (in cases of multiple
site employment), again, for the applicable retention period. As
discussed later, all specimens must be reported using descriptive
nomenclature; use of a numerical reporting system alone is
unacceptable. Review and Reporting of Nongynecological Cases:

All nongynecological specimens must be referred to a pathologist for
final interpretation and final report. Discordance between pathologist
and cytotechnologist interpretation, if the cases are screened prior to
pathologist examination, can be used as a basis for identifying areas for
continuing education. Peer review is often included in a quality
assurance program. Multiple people may review difficult or interesting
cases for educational and interpretive purposes. Laboratories may
require a second pathologist opinion for specific diagnoses and/or type
of specimen. See below for variability of documenting intralaboratory
consultations. Seeking the opinion of an outside consultant may be
considered for unusually difficult cases with significant clinical
implications. Documentation of all reviews is essential for quality
assurance monitoring. Rescreening of Negative Cases: Quality
control rescreening of nongynecological cases is usually not required by
accreditation agencies. However, re-examination of a subset of cases by
a second pathologist prior to release of the final report may be
incorporated into the anatomic pathology quality assurance program.
The re-examined cases may be randomly chosen or may be selected
based on volume and complexity of workload and cytopathology
resources.

Post-analytical Quality Control

Cytological-Histological Correlation and Clinical Follow Up: The
laboratory must make an effort to correlate nongynecological
cytopathology findings with histology and clinical findings. This can be
for all specimens or for a focused subset of specimens. It is suggested
that if significant disparities exist they should be reconciled. Cytological-
histological correlation can be an educational tool used to refine
methods of evaluation for both cytology and tissue specimens. The
correlation process should be documented in the laboratory quality
assurance program. If a nongynecological cytology specimen is
collected concurrently with a tissue specimen, cytological-histological
correlation is best performed prospectively. Ideally, the cytology and
tissue reports should each refer to the other with integration of the
correlation statement into either report. Reporting cytological-
histological discordance may be helpful in directing further patient
management. If an abnormal or nondiagnostic nongynecological
cytology result is subsequently followed with tissue sampling, and
retrospective correlation is performed, then the result of the correlation
should be documented. If histological material is not available, the
laboratory may attempt to obtain patient follow-up by sending a letter to
the ordering physician requesting this information. Retrospective
Reviews: There are no federal or accrediting agency requirements for
retrospective review of nongynecological cytology specimens. In certain
clinical situations, review of previously examined specimens may affect
current patient care by determining subsequent management protocols.
Retrospective comparison of specimens from multiple body sites within
a relatively short time span may be required for clinical staging, or
comparison of a current specimen with one from the remote past may
distinguish a metastasis from a second primary neoplasm. Amended
reports are not indicated in these situations. Results of the review can be
incorporated in the current cytology or tissue report or in a separate
document. Retrospective reviews are subject to the biasing effect of
knowledge of outcome, and this fact should be kept in mind during any
such review. Measures of Performance: Nongynecological cytology
can be both a screening test and a diagnostic procedure depending
upon the clinical circumstances and specimen examined.
Nongynecological cytology is limited (as are all laboratory tests) by both
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false positive (FP) and false negative (FN) results. As a screening test, a
false positive is defined as a “positive” test result for a patient who does
not have an abnormality. As a diagnostic procedure, a false positive
could be defined as a malignant interpretation when in fact the patient
has a benign neoplasm or perhaps as the presence of any neoplasm
when the condition is reactive or inflammatory. Since “positive” results
are variably defined in the medical literature, a standard definition for a
false positive nongynecological cytology specimen does not exist. A
false negative is defined in this document as a negative or nondiagnostic
nongynecological cytology result in a patient with an abnormality or
lesion. False negative results may be a consequence of (a.) Sampling
variance, (b.) Laboratory interpretation, or (c.) General limitations of the
method. Sampling false-negatives occur when diagnostic cellular and
noncellular material is not collected or is not transferred to the slide. A
laboratory interpretive false negative is one in which diagnostic material
is present on the slide, but is not identified during slide examination or is
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misinterpreted as to its significance. The false negative rate is the sum of
lesions missed in sampling plus the false negative proportion (FNP.) The
FNP is the measure of the laboratory component of false negative
results and is defined as the number of false negative reports divided by
the total number of patients sampled who have an abnormality (False
Negative Proportion = False Negative reports/True Positive reports +
False Negative reports). FNP = FN/TP + FN. The value of determining
the FNP for a laboratory is widely acknowledged; however, precise
calculation of the FNP requires 100% accurate determination of the true
diagnosis. For nongynecological cytology this requires exhaustive cyto-
histologic and clinical correlation, which is impractical. Q-Probes studies
provide a comprehensive resource for comparative laboratory data and
performance benchmarks. These data are a good starting point for
laboratory self-assessment since operational definitions, laboratory
methods and statistical analyses are specified.
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Proper Handling of Breast Cancer Specimen

Assessing Hormone Receptor Status:

Breast cancer is one of the first malignancies for which the use of
targeted therapy has become a routine and life-extending practice. For
more than 3 decades, management of breast cancer has largely been
determined by the measurement of the estrogen receptor (ER), primarily
because of the substantial benefit that endocrine therapy provides for
patients with ER-positive but not ER-negative tumors. Large overviews
of randomized clinical trials have confirmed that women with ER-
negative invasive breast cancers do not derive benefit from endocrine
treatments. The clinical significance of this biomarker has rendered the
assessment of the ER status of primary invasive breast cancer
mandatory. Progesterone receptor (PgR), a product of the interaction of
estrogen with ER, is also commonly measured but has value mostly as a
prognostic marker. In the early 1990s, immunohistochemical (IHC)
testing of ER and PgR receptor-specific antibodies was developed for
use on sections of frozen tissue; subsequent development of new
antigen retrieval methods and the development of new antibodies
allowed ER testing to be performed on formalin-fixed and paraffin-
embedded material, as well. Despite significant experience with ER and
PgR assessments in most laboratories, confirmation studies associated
with recent breast cancer clinical trials have shown that there is a 5%-
10% false-negative rate and a 5% false-positive rate when institutional
results are compared with central laboratory determinations. Although
some of this discrepancy is attributable to differences in threshold
values, the percentages of error are nevertheless very alarming. In
addition, significantly discrepant results in ER testing have been
uncovered in several Canadian provinces, where variations in tissue
handling, testing methods, training, and staffing were all implicated.

Determining HER2 Overexpression:

The human epidermal growth factor receptor-2 gene ERBB2 (commonly
referred to as HER2), which is amplified in approximately 15%-20% of
breast cancers, is also a significant biomarker in breast cancer. Gene
amplification results in overexpression of a breast cancer tumor cell
surface receptor protein, which possesses tyrosine kinase activity and
potentiates tumor cell growth. HER2 protein overexpression and HER2
gene amplification are associated with poor clinical outcomes in patients
with breast cancer. However, in the 1990s, trastuzumab, a new human
monoclonal antibody that targeted this protein, was developed. When
used in HER2-overexpressing metastatic breast cancer, trastuzumab,
either alone or added to chemotherapy, has been found in clinical trials to
reduce the risk for disease recurrence by 50% and the risk for mortality
by 30%.ltis also highly effective in the adjuvant treatment of early-stage
breast cancer. Recent results with a small-molecule HER1/HER2
tyrosine kinase inhibitor, lapatinib, demonstrate that the oral agent,
added to capecitabine, improves clinical outcomes in patients with
advanced disease. HER2 overexpression determined by IHC testing is
now accepted as a strong predictive marker for clinical benefitin both the
metastatic and adjuvant settings when drugs targeting the HER2
receptor protein are used. The trials that provided evidence of benefit
with these therapies, however, also showed a false-positive rate of 15%-
18% in institutionally performed assays relative to those done in a central
laboratory. There was also a significant false-negative rate of up to 5%.

Specimen Handling:

Many of the factors leading to poor test accuracy are related to specimen
handling before the actual test is performed. Data are emerging on the
impact of this variation on testing results. To understand the contribution

of specimen handling to breast cancer testing inaccuracy, researchers
conducted a retrospective trial involving review of 5077 patient records
from 1999 to 2003. It was found a significant discrepancy in the rate of
ER-negative tumors when those removed Sunday through Thursday
were compared with those removed on the weekend (Friday/Saturday).
The testing was performed in a central laboratory with standardized
processes and 3 trained pathologists. Although it was concluded that
variable specimen handling explained the results, the exact cause of the
variation was not known. Researchers therefore conducted a
prospective trial comparing facilities that recorded time of tumor removal
and time into formalin (test group) with those that did not record those
times. It was found that the mean time from removal of tumor to
specimen fixation in the test group was 18 minutes. The PgR- (but not
the ER-) negative rate was significantly lower in facilities that did not
record the time, suggesting that merely documenting the specimen
handling is an effective intervention for controlling variation. Frequency
of ER-negative test results on breast cancer specimens by hospital and
by specimen handling group. *Designates the hospital where the tests
were performed. Number of samples included was 5077. Other
compelling data about the impact of variable fixation practices come
from researchers in far eastern countries where, until recently, all breast
cancer was considered ER negative, based on results obtained after
prolonged specimen handling. Researchers have published data
establishing that the ER-positive rate for breast cancer tumors in far
eastern women is identical to that observed in western women when
tissue is properly collected and fixed promptly. Previous observations
about the lack of ER positivity was attributed to delays in appropriate
fixation of tumor specimens.

Warm and Cold Ischemia Time:

The interval from the interruption of the tumor blood supply to the
initiation of tissue fixation is widely accepted as an important variable in
the analysis of labile macromolecules such as proteins, RNA, and DNA
from clinical tissue samples. Warm ischemia time is the time from the
interruption of the blood supply to the tumor by the surgeon to the
excision of the tissue specimen; cold ischemia time is the time from
excision of the tumor to the initiation of tissue fixation. Numerous studies
and articles have discussed the progressive loss of activity of these
labile molecules following the surgical interruption of blood flow, which
leads to tissue ischemia, acidosis, and enzymatic degradation. Although
there are data about the impact of variation in cold ischemic time on
protein expression in tissues, the contribution of the warm ischemic
interval to this macromolecular degradation is currently under study. The
standardization of the cold ischemia time is an important step to help
ensure that differences in levels of protein expression for clinically
relevant targets such as ER are biologically meaningful and are not
artifacts related to the manner in which the tissue was handled.

Optimal Fixation Processes:

Timing and documentation. The breast tumor specimen should be
fixed quickly in an adequate volume of fixative (optimally 10-fold greater
than the volume of the specimen). The time of tissue collection (defined
as the time that the tissue is removed from the surgical field) and the time
the tissue is placed in fixative both must be recorded on the tissue
specimen requisition to document the cold ischemic time. Ideally, when
pathologists and surgeons communicate effectively with OR staff, the
appropriate recording process (Table given below) becomes routine.
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Table. Pathology Responsibilities for Documenting Fixation
Intervals

GrossingRoom: Ensure adequate documentation of specimen
removal, fixation start, and duration of fixation
times.

Include specimen removal and fixation start and
fixation duration times as part of the dictation.

Transcription:  Ensure that times are included as part of the
dictation.
Transcribe times to be included in pathology
report.

Pathologist: Ensure times are documented and included as part

of the pathology report.

Inquire about cases with missing fixation times and
ensure proper documentation.

Evaluate test results taking fixation interval
documentation into account.

Fixation techniques. It is also critical that specimens be adequately
fixed in 10% neutral buffered formalin (NBF). To ensure proper fixation,
specimens must be promptly examined and sectioned by the pathologist
so that fixative will penetrate all the areas of tumor to be microscopically
examined. In situations where excision specimens are obtained
remotely from the gross examination laboratory, the pathologists should
work with operating suite personnel to ensure that the sample is bisected
through the tumor and promptly placed in NBF before transport. The time
to insertion of tumor sample into fixative, as well as the time of tumor
removal from the patient, should be noted on the specimen requisition by
the personnelin the surgical suite. Although less optimal than immediate
gross examination of the fresh sample by the pathologist, this process is
preferable to storage of the sample in the refrigerator unfixed or in
fixative without sectioning. Only 10% NBF should be used as the fixative
for breast tissue specimens; higher or lower concentrations of NBF are
not acceptable. This recommendation is based on published literature
regarding the expected or characteristic immunoreactivity of NBF for
ER, PgR, and HER2 in breast cancer, which has been accrued over
many years and has been clinically validated with patient outcomes in
numerous clinical trials. In addition, the US Food and Drug
Administration (FDA) approval for assay kits analyzing ER, PgR, and
HER?2 explicitly states that formalin fixation should be used and that FDA
approval for the kits is not applicable if an alternative fixative is used. If
the laboratory uses a formalin alternative for fixation, the assay must be
validated against tissue fixed in NBF to assure that the alternative
fixative vyields identical results. The laboratory director assumes
responsibility for the validity of assay results when nonstandard
procedures are followed. Breast tissue specimens must be fixed in 10%
NBF for no less than 6 hours and no more than 72 hours before
processing. Formalin, which is aqueous, completely dissolved
formaldehyde, penetrates tissue at a rate of approximately 1 mm/hr.
Breast excision samples must be incised in a timely fashion to initiate
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formalin fixation throughout the tissue; fixation does not begin until
formaldehyde has penetrated into the tissue. However, permeation of
tissue by formalin is not the same as the chemical reaction of fixation,
which involves protein cross-linking by formaldehyde. Chemical fixation
requires time, with the rate-limiting step being the equilibrium between
formaldehyde and methylene glycol in solution, which is time dependent
and can be measured in hours ("clock reaction"). Although complete
tissue fixation usually requires 24 hours, published studies have
documented that breast samples require a minimum of 6-8 hours of
formalin fixation to obtain consistent IHC assay results for ER and HER2.
Underfixation of breast tissue may lead to false-negative ER results and
false-positive HER2 results. In these situations, the tissue is actually
fixed in 100% ethanol, which is used to dehydrate the specimens after
fixation. Overfixation is likely to be less problematic than underfixation
but potentially could also lead to false-negative results due to excessive
protein cross-linking by formaldehyde. Standard antigen retrieval
protocols are optimized for 24 hours of fixation time. These
recommendations apply also to needle biopsy specimens and cytology
specimens.

Improving the Process:

Although the new guidelines for ER, PgR, and HER2 specify ideal
processes and conditions, both OR and pathology personnel will have to
cooperate to implement these practices and make them routine. OR
staff, encouraged by surgeons, must routinely record the time of
specimen removal from the patient. Samples must be promptly
transported to the gross examination room of the pathology laboratory
so that they may be promptly examined and fixed. This process change
must be explained and enforced by the pathologist. Both pathologists
and surgeons must be alert to the potential for nonroutine handling of
specimens on Friday afternoons and Saturdays, or at remote locations,
and should be vigilant in following up on processes used under these
circumstances. Armed with adequate information about the specimen
handling conditions for each breast cancer sample, the pathologist who
observes an unexpected ER, PgR, or HER2 result will be able to do
some problem solving to discover potential reasons for that unusual
finding and guide the surgeon and patient correctly. Such unexpected
findings might include ER-negative and/or PgR-negative and/or HER2-
positive results on low-grade breast cancer specimens, or HER2-
negative results on high-grade ER-negative or ER-positive breast
cancer specimens. Targeted therapies are highly effective when applied
in appropriate patients. Without accurate testing, patients whose tumors
will not respond may nevertheless face treatment with expensive and
potentially toxic drugs, whereas patients whose lives may be prolonged
by effective treatment may be denied those options. In the early days of
ER measurement, virtually all US laboratories froze and shipped breast
cancer samples to properly qualified laboratories that performed these
assays in a controlled manner. Itis not unreasonable to expect the same
type of uniform compliance with conditions required for today's breast
cancer specimen analyses of ER, PgR, and HER2 status. This reality
must be kept in mind as healthcare providers face the challenges of
altering "business as usual" to comply with new requirements and
conditions. Patients will be the ultimate beneficiaries of these changes.
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Bone Marrow Aspiration / Biopsy

Bone Marrow Aspiration and Biopsy

Overview

The procedure known as trepanning, or trephination, of bone is the
oldest surgical practice that continues to have clinical relevance in
modern times. The method dates as far back as the Neolithic period and
initially entailed the drilling of cranial bones as a form of medical
intervention for headaches and mental illnesses. However it was not
until 1905, when the ltalian physician Pianese reported bone marrow
infiltration by the parasite Leishmania, that this procedure was applied
toward clinical evaluation. In the present day, inspection of the bone
marrow is considered one of the most valuable diagnostic tools to
evaluate hematologic disorders. Indications have included the
diagnosis, staging, and therapeutic monitoring for lymphoproliferative
disorders such as chronic lymphocytic leukemia (CLL), Hodgkin and
Non-Hodgkin lymphoma, hairy cell leukemia, myeloproliferative
disorders, and multiple myeloma. Furthermore, evaluation of cytopenia,
thrombocytosis, leukocytosis, anemia, and iron status can be
performed. The application of bone marrow analysis has grown to
incorporate other, nonhematologic, conditions. For example, in the
investigation for fever of unknown origin (FUO), specifically in those
patients with autoimmune deficiency syndrome (AIDS), the marrow may
reveal the presence of microorganisms, such as tuberculosis,
Mycobacterium avium intracellulare (MAI) infections, histoplasmosis,
leishmaniasis, and other disseminated fungal infections. Furthermore,
the diagnosis of storage diseases (e.g. Niemann-Pick disease and
Gaucher disease), as well as the assessment for metastatic carcinoma
and granulomatous diseases (e.g. sarcoidosis) can be performed. Bone
marrow analysis can also be performed in patients with idiopathic
thrombocytopenia purpura (ITP), incidental elevated serum paraprotein
levels, iron deficiency anemia, B,, / folate deficiency, polycythemia vera,
or infectious mononucleosis; but these conditions are more
appropriately diagnosed by routine laboratory. Bone marrow consists of
stem cells, which are large, "primitive," undifferentiated cells supported
by fibrous tissue called stroma. There are 2 main types of stem cells and,
therefore, the bone marrow consists of 2 types of cellular tissue. One
type of stem cell is involved in producing blood cells and the other is
involved in producing stromal cells, which are responsible for the
supporting stroma. Sampling of the marrow consists of either aspiration
of the cellular component and/or acquirement of tissue fragments.
Aspiration of the marrow, as shown below, has been primarily utilized for
cytologic assessment, with analysis directed toward morphology and
obtainment of a differential cell count. Further sampling allows for
material to be directed toward other ancillary test such as cytogenetics,
molecular studies, microbiologic cultures, immunohistochemistry, and
flow cytometry. Biopsies, on the other hand, allow for studies of the
marrow’s overall cellularity, detection of focal lesions, and extent of
infiltration by various pathologic entities.

For patient education information, visit eMedicine's Osteoporosis and
Bone Health Center and Cancer Screening Center, as well as Bone
Marrow Biopsy.

Preliminary Assessment

An initial review of the patient’s clinical background is necessary to
determine whether a bone marrow evaluation is warranted.

Medical history: Travel history: exposure to parasites (leishmaniasis),
fungi (histoplasmosis, Cryptococcus), mycobacteria. Immune
compromise or immune deficiency status: This may contribute to a high
infection risk, such as in patients with human immunodeficiency virus
(HIV) infection, underlying autoimmune deficiency (e.g. Wiskott Aldrich
Syndrome), and/or the use of immunosuppressive agents. Risk of bone
fragility: Previous surgeries, chemotherapy, and radiation therapy can
increase the risk of bone fragility, as well as pathologic processes that
may contribute to bone resorption (e.g. osteoporosis, multiple
myeloma). Previous diagnosis of malignancies: These are a risk for
metastasis to bone. Glycogen storage diseases. Risk for hematologic
anomalies: Contributing factors include a patient's nutrition status,
alcoholism, medications, and history of a coagulation factor deficiency.
Allergies: Testing and/or knowledge of a patient's allergy status are
preventive measures to the potential allergens exposed during bone
marrow sampling, such latex, anesthetics (e.g. lidocaine), antiseptics
(e.g. povidone-iodine).

Clinical presentation: Perform a thorough physical examination to
assess the patient for signs of malignancy, infections, lesions associated
with hemorrhagic injury, as well as disorders of hemostasis and
coagulation. Laboratory tests should initially include complete blood cell
(CBC) counts, a reticulocyte count, peripheral blood smears,
prothrombin time/international normalized ratio (PT/INR), and activated
partial thromboplastin time (aPTT). Other studies take into account the
clinical presentation and may consist of the following: serum iron
studies, serum ferritin study, vitamin B., and folate levels, erythrocyte
sedimentation rate (ESR), serum protein electrophoresis, platelet
function studies, coagulation mixing study, fibrin D-dimers, serum
fibrinogen levels, serum bilirubin levels, and radiographs. Obtain
informed patient consent that provides procedural information and
potential complications (e.g. hemorrhage, infections, pain). This will
minimize any apprehension that the patient may have.

Collection Site

The safe and preferred sites for bone marrow aspiration and/or biopsy
are described below. Aspiration and biopsy: Posterior superior iliac
crest: This is the most commonly employed site for reasons of safety, a
decreased risk of pain, and accessibility. The posterior superior iliac
crestsite is localized to the central crest area. See the image below.

Patient position (posterior superior iliac crest).
Anterior superior iliac crest: This is an alternative site when the posterior
iliac crest is unapproachable or not available due to infection, injury, or
morbid obesity. The anterior superior iliac crest site is localized to the
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center prominence, under the lip of the crest. This location is generally
not preferred due to the dense cortical layer, which makes obtaining
samples more difficult and smaller in size, as well as creates arisk for an
increased painful event. Aspiration only: The sternum is sampled only
as a last resort in those older than 12 years and in those who are
morbidly obese, but it should be avoided in highly agitated patients. To
decrease the risk of penetrating the underlying soft-tissue organs, the
sternal site is limited to a region that spans between the second and third
intercostal spaces. The tibia is sampled only for infants younger than 1
year, and the procedure is conducted under general anesthesia. This
site is localized to the proximal anteromedial surface, below the tibial
tubercle. The tibial location is not utilized in older patients because the
marrow cellularity is not consistent.

Procedure

A marrow biopsy of the posterior/anterior iliac crest is generally
performed before aspiration sampling due to the fact the biopsy
technique induces elevated thromboplastic substances. The
consequence of this is a reduction in the effectiveness of an aspiration
sampling. However, as many clinical requests are for an aspiration
sample only, this technique is described first.

Aspiration: The patient is placed in the lateral decubitus position, with
the top leg flexed and the lower leg straight. Palpate the iliac crest, and
mark the preferred sampling site with a pen. Aseptic technique is
employed, including sterile gloves and gown. The site is prepared with
an antiseptic (e.g. povidone-iodine or chlorhexidine gluconate),
scrubbed, and draped, exposing only the site to be sampled. See the
images below.

Skin preparation. Site preparation.
The skin and the underlying tissue to the periosteum are infiltrated with a
local anesthetic (e.g. approximately 10 mL of 1% Xylocaine [lidocaine]).
A 10-mL syringe with a 25-gauge needle is used to inject an initial 0.5 mL
directly under the skin, raising a wheal. A 22-gauge needle is used to
penetrate deeper into the subcutaneous tissue and the underlying
periosteum, anarea roughly 1 cmin diameter.

Local anesthetic injection.

Adequacy of the anesthesia is tested by gently prodding the periosteum
with the tip of the needle and questioning the patient for any painful
sensation. Itis important to be aware of changes in the patient's comfort
level throughout the procedure to not only decrease the patient's anxiety
level, but to minimize movements that may affect the efficacy of the
procedure. Having a family member present may help to alleviate the
patient's anxiety. To ensure sufficient pain control is being managed well,
the person performing the procedure should talk to the patient, discuss
the steps taken throughout the process, and listen to the manner as well
as the content of the patient's response.
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A skin incision is made with a small surgical blade, through which the
bone marrow aspiration needle, with a styletlocked in place, is inserted.
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Aspiration needle placement. Bone marrow aspiration.
Once the needle contacts the bone, it is advanced by slowly rotating
clockwise and counterclockwise until the cortical bone is penetrated and
the marrow cavity is entered. Contact with the marrow cavity is usually
noted by a sudden reduction in pressure. The depth of the penetration
should not extend beyond aninitial 1 cm.

Once within the marrow cavity, the stylet is removed. Using a 20 mL
syringe, approximately 0.3 mL of bone marrow is aspirated. A volume
greater than 0.3 mL may dilute the sample with peripheral blood and thus
is not recommended. The material collected for bone marrow slides is
generally not mixed with an anticoagulant, and it is processed
immediately by a technologist; this avoids any cellular morphologic
artifacts. If there is to be a delay in slide preparation, place the sample in
an EDTA (ethylenediaminetetraacetic acid) anticoagulant-containing
tube, preferably a pediatric-sized tube to avoid exposure to excess
anticoagulant.

If additional marrow is needed for ancillary studies, subsequent
specimens are obtained by attaching a separate syringe, collecting 5 mL
at a time. The samples are then transferred into an anticoagulant-
containing tube that is appropriate to the requested study: heparin for
cytogenetic analysis; either heparin or EDTA for immunophenotyping;
formalin for a Cytoblock preparation; and, glutaraldehyde for
ultrastructural examination.

The marrow needle is removed, and pressure is applied to the aspiration
site with gauze until any bleeding has stopped (see Postprocedure
Care).

Once the aspiration is completed, the specimen is processed by the
hematopathology technician.

Bone marrow biopsy: Any of several needle models can be utilized;
however, the Jamshidi needle is considered the most popular. This
disposable needle is tapered at the distal end to help retain the specimen
forimproved extraction.

Patient preparation is to be followed in the manner previously described
for bone marrow aspiration.

The needle, with stylet locked in place, is held with the palm and index
finger and repositioned so that a new insertion site is created for biopsy
sampling. Once the needle touches the bone surface, the stylet is
removed.

Bone marrow biopsy. Jamshidi needle placement.

Using firm pressure, slowly rotate the needle in an alternating clockwise-
counterclockwise motion, and advance it into the bone marrow cavity to
obtain an adequate bone marrow specimen measuring approximately
1.6-3cminlength.
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Rotate the needle along its axis to help loosen the sample, pull back
approximately 2-3 mm, and advance the needle again slightly, at a
differentangle, to help secure the specimen.

Following this procedure, slowly pull the needle out, while rotating in an
alternating clockwise and counterclockwise motion.

Remove the specimen from the needle and introduce a probe through
the distal cutting end. If the aspirate was unsuccessful (i.., a "dry tap"),
the core biopsy may be used to make touch preparations (see Slide
Preparation). This must be performed before placing the specimen in
formalin.

Place the specimen in formalin solution for histologic processing.

Bone marrow biopsy specimen in fixative solution.
The marrow needle is removed, and pressure is applied to the site with
gauze until any bleeding has stopped (see Postprocedure Care).
The Sternum
Note: With this site, only aspiration is to be performed, and it is only to be
performed on adolescent and adult patient populations.
The second to third intercostal level of the sternum is palpated, and the
selected sample site is marked with a pen. Note: The area chosen
should be to one side of the midline as the marrow cellularity is
considered to be diminished at that location.
The designated area is prepared with an antiseptic scrub and draped.
Aseptic technique is employed, including sterile gloves and gown.
Local anestheticis used to infiltrate from the skin to the periosteum.
After small cut is made in the skin with a surgical blade, the aspiration
needle with the styletlocked in place, is inserted until the needle touches
the bone.
With the same technique described in the above section (see Procedure:
Posterior/Anterior lliac Crest), advance the needle into the marrow
cavity, obtain the specimen, and remove the needle. Note: Unlike other
sites, the attached guard is not to be removed; rather, it is adjusted to
allow for the maximum depth of needle penetration to 0.5 cm. This
prevents needle slippage that can result in injury to the underlying
mediastinal organs.
Core biopsies are not to be performed from the sternum.

Unilateral Versus Bilateral lliac Crest Biopsy

Controversy exists in the application of bilateral iliac biopsies. However,
recent studies have indicated that this technique increases the
probability of detecting focal lesions, such as in the case of carcinoma
and lymphoma staging, where 11-16% of cases may be missed with
unilateral biopsies. Wang et al reported an improvement in identifying
bone malignancy in the following pathologic cases: Hodgkin disease by
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19.5%, sarcomas by 14%, carcinomas by 11.5%, and non-Hodgkin
lymphoma by 4.6%. Unilateral iliac sampling was considered sufficientin
patients diagnosed with multiple myeloma, chronic myeloproliferative
disorders, and myelodysplastic syndromes.

Postprocedure Care

After the procedure, firm pressure is applied for 5 minutes to several
layers of sterile gauze placed over the wound site. Remove residual
antiseptic to avoid further skin irritation by the solution. If hemorrhage
from the wound persists, then place the patient in the supine position,
with gauze over the wound site, so that consistent pressure can be
applied for a minimum of 30 minutes. Rarely, bleeding may be present; if
that is the case, consider placing a pressure dressing, again with the
patient in a supine position, for an additional 1 hour. The patient is to be
discharged with orders that the wound dressing is to be maintained in a
dry state for 48 hours. The wound site is to be checked frequently, and if
persistent bleeding or worsening pain occurs, these findings are to be
reported to the clinician’s office.

Slide Preparation

This stage in bone marrow preparation should be performed by trained
personnel, such as a hematopathology technician. Thin-spread
preparations of aspiration-collected samples, placed onto glass slides,
can be prepared in numerous ways, all of which have the aim to retain
and evaluate marrow particles. These spicules of fat droplets (not
prominently seen in pediatric cases) and fragmented bone are likely to
have adherent cellular material and thus be a target for morphologic
evaluation. An aspirate smear is the most simplistic of the methods,
similar in presentation as a peripheral blood smear. A drop of the
acquired specimen is placed 1 cm from the edge that opposes the
frosted "labeled” end and, with a second glass slide placed at a 30°
angle, the sample is pushed toward the opposing side in one rapid
smooth stroke. Excess sample can be removed by tilting the glass slide
onto gauze or pipetting the extraneous fluid. Squash preparations are
prepared on glass slides by placing marrow particles on a slide and
pressing the particles with another slide. These preparations are used to
better observe cellular interactions as the architecture of the marrow unit
is preserved. The cover slip method produces samples that have been
concentrated more than the squash preparation. The aspirate particles
are selected from a petri dish and directly placed onto a glass cover slip.
In a manner similar to the squash method, a second cover slip is gently
applied to crush the sample. Each cover slip is then stained individually.
Thus, enhanced removal of contaminating peripheral blood is
performed, again with retention of the marrow unit architecture. At times,
biopsy touch prints are useful, especially if the aspirate is dry and the
only sample available is the bone marrow biopsy. In touch preparations,
the hematopathology technician gently touches the tissue fragment onto
a glass slide; this can provide morphologic details similar to that of an
aspirate. Marrow particles can be collected in aggregate as a clot and
processed in a similar manner to that of tissue. The solid component is
concentrated by placing the specimen in a finely meshed bag that retains
the tissue fragments, but which allows excess fluid to escape.
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Bone marrow aspiration and biopsy slides before staining.
Standard stains used for the initial evaluation include Wright or May-
Grunwald-Giemsa staining which enhance cytologic detail. Other
special stains can be utilized for various purposes such as Prussian blue
for iron in cases of suspected hemosiderosis or for the ringed
sideroblasts of myelodysplastic syndromes. Myeloperoxidase, Sudan
Black B, and leukocyte alkaline phosphatase are used in the
categorization of acute myeloid leukemias. Periodic acid-Schiff (PAS)
stain enhances depiction of cells that are implicated in glycogen storage
diseases.

Morbidity/Mortality

In 2002 the British Society of Haematology initiated an annual survey to
assess the various types and incidence of bone marrow biopsy adverse
events.Bain summarized results of a 7-year (1995 to 2001) retrospective
study and identified 26 adverse events among approximately 54,890
biopsies, with an overall annual incidence of 0.05%. The most common
side effects in order of decreasing frequency were the following:
hemorrhage, needle breakage, and infections. Risk factors for
hemorrhage included concurrent anticoagulation therapy or underlying
myeloproliferative/ myelodysplastic syndrome, in which platelet function
was affected. Two cases were fatal and were attributed to sepsis and
massive hemorrhage. Four years later, a prospective study by Bain
revealed 15 adverse events in a single year, with an overall incidence of
0.07%, not significantly different from the previous study's results.
However, although hemorrhage was still considered the most commonly
encountered side effect, this study revealed that pain, anaphylactic
reaction, and fractures were prominent secondary consequences. Two
fatality cases, attributed to laceration of blood vessels, were reported
from 20,323 bone marrow aspiration and biopsy procedures.
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Special Concerns

General anesthesia is required for pediatric cases, some sternal bone
marrow sampling cases, and in those patients who are highly anxious.
Sternal bone marrow aspiration has a higher risk of complications than
other sites due to the delicate bone structure (approximately 1 cm thickin
adults). Penetration of the underlying mediastinal organs can result in
mediastinitis, pulmonary embolism, pneumothorax, cardiac tamponade,
and cardiac tissue injury. For these reasons, biopsies are not to be
performed from the sternum. Awareness of anatomic variations and
pathologies that may affect bone density (e.g. osteoporosis, multiple
myeloma) can prevent further complications and injuries.
Thrombocytopenia is not a contraindication to bone marrow aspiration
and biopsy. Corrective action is required for coagulation disorders before
bone marrow sampling. Application of sterile techniques is required in
the prevention of infections. Dry tap, or the lack of specimen obtainment
during the aspiration sampling process, is most commonly due to
technical problems such as misalignment of the needle. Other
conditions that should be considered and may contribute to the decision
of obtaining a biopsy are recent radiation therapy exposure, aplastic
anemia, myelofibrosis, or bone infiltrative neoplasm. Knowing that tissue
shrinkage can occur at an approximate rate of 25% after processing, the
desired biopsy sampling size should initially be greater than 1.5 cm,
preferably 2-3 cm in length (pediatric samples may be as small as 0.5
cm). Such a size will allow for the evaluation of 5 or 6 intertrabecular
spaces, which is considered sufficient sampling for a diagnosis. Rarely,
chronic pain may occur at the site of bone marrow sampling, thus
requiring further clinical management.

Medical-Legal Pitfalls

Failure to prevent, recognize, or initiate rapid response to excessive
bleeding or, rarely, to an anaphylaxis anesthetic event during the bone
marrow sampling procedure . Failure to use proper safety techniques,
such as having a guard device to prevent needle slippage, specifically
during sternal aspiration. Failure to identify complications in sampling
an iliac crest that results in penetration of the underlying gastrointestinal
tract as well as blood vessels—the latter which runs the risk of the
development of massive retroperitoneal hemorrhage and gluteal
compartment syndrome.
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Pleural Effusion Workup

Pleural Fluid Culture and Cytology

Cultures of infected pleural fluids yield positive results in approximately
60% of cases. This occurs even less often for anaerobic organisms.
Diagnostic vyields, particularly for anaerobic pathogens, may be
increased by directly culturing pleural fluid into blood culture bottles.
Malignancy is suspected in patients with known cancer or with
lymphocytic, exudative effusions, especially when bloody. Direct tumor
involvement of the pleura is diagnosed most easily by performing pleural
fluid cytology. Heparinized samples (1 mL of 1:1000 heparin per 50 mL of
pleural fluid) should be submitted for analysis if the pleural fluid is bloody
and they should be refrigerate if samples will not be processed within
one hour. The reported diagnostic yields in cytology vary from 60-90%,
depending on the extent of pleural involvement and the type of primary
malignancy. Cytology findings are positive in 58% of effusions related to
mesothelioma. The sensitivity of cytology is not highly related to the
volume of pleural fluid tested. Sending more than 50-60 mL of pleural
fluid for cytology does not increase the yield of direct cytospin analysis,
and volumes of approximately 150 mL are sufficient when both cytospin
and cell block preparations are analyzed. Tumor markers, such as
carcinoembryonic antigen, Leu-1, and mucin, are suggestive of
malignant effusions (especially adenocarcinoma) when pleural fluid
values are very high. However, because of low sensitivity, they are not
helpful if the values are normal or only modestly increased.

Tuberculous pleuritis

Suspect tuberculous pleuritis in patients with a history of exposure or a
positive PPD finding and in patients with lymphocytic exudative
effusions, especially if less than 5% mesothelial cells are detected on
differential cell counts. Because most tuberculous pleural effusions
probably result from a hypersensitivity reaction to the Mycobacterium
rather than from microbial invasion of the pleura, acid-fast bacillus stains
of pleural fluid are rarely diagnostic (< 10% of cases). Pleural fluid
cultures grow M. tuberculosis in less than 65% of cases. In contrast, the
combination of histology and culture of pleural tissue obtained by pleural
biopsy increases the diagnostic yield for TB to 90%. Adenosine
deaminase (ADA) activity of greater than 43 U/mL in pleural fluid
supports the diagnosis of tuberculous pleuritis. However, the test has a
sensitivity of only 78%. Therefore, pleural ADA values of less than 43-50
U/mL do not exclude the diagnosis of TB pleuritis. Interferon-gamma
concentrations of greater than 140 pg/mL in pleural fluid also support the
diagnosis of tuberculous pleuritis. Unfortunately, this test is not routinely
available.

Additional Laboratory Tests

Additional specialized tests are warranted when specific etiologies are
suspected. Measure pleural fluid amylase levels if a pancreatic origin or
ruptured esophagus is suspected or if a unilateral, left-sided pleural
effusion remains undiagnosed after initial testing. Of note, increased
pleural fluid amylase can also be seen with malignancy. An additional
assay of amylase isoenzymes can help distinguish a pancreatic source
(diagnosed by elevated pleural fluid pancreatic isoenzymes) from other
etiologies. Measure triglyceride and cholesterol levels in milky pleural
fluids when chylothorax or pseudochylothorax is suspected. Consider
immunologic studies, including pleural fluid antinuclear antibody and
rheumatoid factor, when collagen-vascular diseases are suspected.

CT Scanning and Ultrasonography
A study involving 41 consecutive patients with hepatic hydrothorax
indicated that hepatic hydrothorax virtually always presents with ascites

that can be revealed by ultrasonography or computed tomography (CT)
scanning. Point of care bedside ultrasonography has become the
standard of care in many facilities. Chest CT scanning with contrast
should be performed in all patients with an undiagnosed pleural effusion,
if it has not previously been performed, to detect thickened pleura or
signs of invasion of underlying or adjacent structures. The two diagnostic
imperatives in this situation are pulmonary embolism and tuberculous
pleuritis. In both cases, the pleural effusion is a harbinger of potential
future morbidity. In contrast, a short delay in diagnosing metastatic
malignancy to the pleural space has less impact on future clinical
outcomes. CT angiography should be ordered if puimonary embolism is
strongly suggested.

Chest Radiography

Effusions of more than 175 mL are usually apparent as blunting of the
costophrenic angle on upright posteroanterior chest radiographs. On
supine chest radiographs, which are commonly used in the intensive
care setting, moderate to large pleural effusions may appear as a
homogenous increase in density spread over the lower lung fields.
Apparent elevation of the hemidiaphragm, lateral displacement of the
dome of the diaphragm, orincreased distance between the apparent left
hemidiaphragm and the gastric air bubble suggests subpulmonic
effusions. Lateral decubitus films more reliably detect smaller pleural
effusions. Layering of an effusion on lateral decubitus films defines a
freely flowing effusion and, if the layering fluid is 1 cm thick, indicates an
effusion of greater than 200 mL that is amenable to thoracentesis.
Failure of an effusion to layer on lateral decubitus films indicates the
presence of loculated pleural fluid or some other etiology causing the
increased pleural density. Note that decubitus films are almost never
performed in those institutions with bedside ultrasonography

Diagnostic Thoracentesis

A diagnostic thoracentesis should be performed if the etiology of the
effusion is unclear or if the presumed cause of the effusion does not
respond to therapy as expected. Pleural effusions do not require
thoracentesis if they are too small to safely aspirate or, in clinically stable
patients, if their presence can be explained by underlying congestive
heart failure (especially bilateral effusions) or by recent thoracic or
abdominal surgery. Depending on the clinician's experience, a
pulmonologist or interventional radiologist can be consulted for
assistance with high-risk diagnostic thoracentesis.

Contraindications

Relative contraindications to diagnostic thoracentesis include a small
volume of fluid (< 1 cm thickness on a lateral decubitus film), bleeding
diathesis or systemic anticoagulation, mechanical ventilation, and
cutaneous disease over the proposed puncture site. Reversal of
coagulopathy or thrombocytopenia may not be necessary as long as the
procedure is performed under ultrasound guidance by an experienced
operator. Mechanical ventilation with positive end-expiratory pressure
does not increase the risk of pneumothorax after thoracentesis, but it
increases the likelihood of severe complications (tension pneumothorax
or persistent bronchopleural fistula) if the lung is punctured. An
uncooperative patient is an absolute contraindication for this procedure.

Complications

Complications of diagnostic thoracentesis include pain at the puncture
site, cutaneous or internal bleeding from laceration of an intercostal
artery or spleen/liver puncture, pneumothorax, empyema, reexpansion
pulmonary edema, malignant seeding of the thoracentesis tract, and
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adverse reactions to anesthetics used in the procedure. Pneumothorax
complicates approximately 6% of thoracenteses but requires treatment
with a chest tube drainage of the pleural space in less than 2% of cases.
The use of needles larger than 20 gauge increases the risk of a
pneumothorax complicating the thoracentesis. In addition, significant
chronic obstructive or fibrotic lung disease increases the risk of a
symptomatic pneumothorax complicating the thoracentesis.

Procedure

In patients with large, freely flowing effusions and no relative
contraindications to thoracentesis, diagnostic thoracentesis can usually
be performed safely, with the puncture site initially chosen based on the
chest radiograph and located 1-2 rib interspaces below the level of
dullness to percussion on physical examination. In other situations,
ultrasonography or chest CT scanning should be used to guide
thoracentesis. Ultrasonography guidance at bedside significantly
increases the likelihood of obtaining pleural fluid and reduces the risk of
pneumothorax. A postprocedure chest film may not be needed, but it is
always a good practice to look for ultrasonic evidence of a
pneumothorax. The presence of lung sliding would confirm the absence
of a pneumothorax. After the site is disinfected with chlorhexidine
(preferred) or povidonefiodine (no longer recommended) solution and
sterile drapes are placed, anesthetize the skin, periosteum, and parietal
pleura with 1% lidocaine through a 25-gauge needle. If pleural fluid is not
obtained with the shorter 25-gauge needle, continue anesthetizing with
a 1.5-inch, 22-gauge needle. For patients with larger amounts of
subcutaneous tissue, a 3.5-inch, 22-gauge spinal needle with inner
stylet removed can be used to anesthetize the deeper tissues and to
aspirate pleural fluid. Confirm the correct location for thoracentesis by
aspirating pleural fluid through the 25- or 22-gauge needle before
introducing larger-bore thoracentesis needles or catheters. If pleural
fluid is not easily aspirated, stop the procedure and use ultrasonography
or chest CT scanning to guide thoracentesis. While there is no
consensus amount for a diagnostic thoracentesis, a minimum of 20 mL
would be enough for basic analysis and culture. Most of these
procedures remove less than 100 mL of fluid. When possible, patients
should sit upright for thoracentesis. Patients should not lean forward,
because this causes pleural fluid to move to the anterior costophrenic
space and increases the risk of puncture of the liver or spleen. For
debilitated and ventilated patients who cannot sit upright, obtain pleural
fluid by puncturing over the eighth rib at the midaxillar to posterior axillary
line. To avoid puncturing liver or spleen, the needle should not be
inserted below the ninth rib. In such patients, imaging may be required to
guide thoracentesis. Supplemental oxygen is often administered during
thoracentesis to offset hypoxemia produced by changes in ventilation-
perfusion relationships as fluid is removed and to facilitate reabsorption
of pleural air if pneumothorax complicates the procedure. The frequency
of complications from thoracentesis may be lower when a more
experienced clinician performs the procedure and when
ultrasonographic guidance is used. Consequently, a skilled and
experienced clinician should perform thoracentesis in patients who have
a higher risk of complications or relative contraindications for
thoracentesis and in patients who cannot sit upright. Postprocedure
expiratory chest radiographs to exclude pneumothorax are not needed
in asymptomatic patients after uncomplicated procedures (single needle
pass without aspiration of air). However, postprocedure inspiratory chest
radiographs are recommended to establish a new baseline for patients
likely to have recurrent symptomatic effusions.

Idiopathic Exudative Effusions
Despite evaluations with repeated diagnostic thoracenteses,
approximately 20% of exudative effusions remain undiagnosed. Clues
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to the diagnosis that may have been overlooked include (1) occupational

exposure to asbestos 10-20 years earlier, which may suggest benign

asbestos effusion; (2) medication exposure to nitrofurantoin,

amiodarone, or medications associated with a drug-induced lupus

syndrome; and (3) hepatic hydrothorax unrecognized in a patient with

minimal or undetectable ascites. Among patients with undiagnosed

pleural effusions after the primary evaluation, those who meet all 6 of the

following clinical parameters are predicted to have a benign course, and

no further evaluation is necessary:

® Patientsare clinically stable

® Patients do nothave weightloss

® The results of the purified protein derivative (PPD) test, used in
detecting tuberculous pleural effusion, are negative and the pleural
adenosine deaminase (ADA) value, also used in diagnosing
tuberculous pleural effusion, is less than 43 U/mL

® The patientdoes nothave a fever

® The pleural fluid differential blood cell count has less than 95%
lymphocytes

® The effusion occupies less than 50% of the hemithorax

For other patients with undiagnosed exudative effusions, approximately

20% have a specific etiology determined, including malignancy. For

such patients, weigh the benefits and risks of pursuing a diagnostic

strategy that will involve using progressively more invasive procedures,

given the low likelihood of finding a curable etiology. Note the following:

® Bronchoscopy - Consider only if a patient has parenchymal
abnormalities or hemoptysis

® Surgical approaches to the diagnosis of pleural effusions - Includes
video-assisted thoracoscopy (pleuroscopy) and open thoracotomy,
allows direct visualization and biopsy of the pleura for diagnosis of
exudative effusions, which reveals an etiology in 92% of effusions
that remain undiagnosed after a medical evaluation, with an
operative mortality of less than 0.5%

® Medical thoracoscopy - Where available, may be diagnostic and
therapeutic; complete drainage of the effusion and talc sclerosis can
be performed at the time of the procedure

Note that in most medical centers, surgical exploration using

thoracoscopy or thoracotomy entails the risks of general anesthesia and

is probably warranted only in patients who are symptomatic and anxious

fora (potentially incurable) diagnosis.

Biopsy

Pleural biopsy should be considered, only if TB or malignancy is
suggested. Medical thoracoscopy with the patient under conscious
sedation and local anesthesia has emerged as a diagnostic tool to
directly visualize and take a biopsy specimen from the parietal pleura in
cases of undiagnosed exudative effusions. As an alternative, closed-
needle pleural biopsy is a blind technique that can be performed at the
patient's bedside. Medical thoracoscopy has a higher diagnostic yield for
malignancy. Closed-needle pleural biopsy findings aid in diagnosis of
only 7-12% of malignant effusions when cytology findings alone are
negative. However, the yield of closed-needle pleural biopsy (histology
plus culture) is as high as thoracoscopy for tuberculous pleuritis and is a
useful alternative procedure for this diagnosis when available. A
randomized comparison of medical thoracoscopy with CT scan-guided
cutting-needle pleural biopsy (CT-CNPB), found no statistically
significant difference in diagnostic sensitivity between these two
approaches. The study included 124 patients with exudative pleural
effusion who could not be diagnosed by cytologic analysis. These
researchers recommended using CT-ANPB as the primary diagnostic
procedure in patients with pleural thickening or lesions observed on CT
scans, and using medical thoracoscopy in patients whose CT scans
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demonstrate only pleural fluid, as well as in those who may have benign
pleural pathologies otherthan TB.

Pleural Effusion Treatment & Management

Approach Considerations

Transudative effusions are managed by treating the underlying medical
disorder. However, regardless of whether transudative or exudative,
large, refractory pleural effusions causing severe respiratory symptoms
can be drained to provide symptomatic relief. The management of
exudative effusions depends on the underlying etiology of the effusion.
Pneumonia, malignancy, and TB cause most exudative pleural
effusions, with the remainder typically deemed idiopathic. Complicated
parapneumonic effusions and empyemas should be drained to prevent
development of fibrosing pleuritis. Malignant effusions are usually
drained to palliate symptoms and may require pleurodesis to prevent
recurrence. Medications cause only a small proportion of all pleural
effusions and are associated with exudative pleural effusions. However,
early recognition of this iatrogenic cause of pleural effusion avoids
unnecessary additional diagnostic procedures and leads to definitive
therapy, which is discontinuation of the medication. Implicated drugs
include medications that cause drug-induced lupus syndrome (eg,
procainamide, hydralazine, and quinidine), nitrofurantoin, dantrolene,
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methysergide, procarbazine, and methotrexate. A meta-analysis and
systemic review of 19 observational studies determined that pleural
effusion drainage in patients on mechanical ventilation is safe and
appears to improve oxygenation. No data supported or refuted claims of
beneficial effects on clinical outcomes, such as duration of ventilation or
length of stay.

Parapneumonic effusions

Of the common causes for exudative pleural effusions, parapneumonic
effusions have the highest diagnostic priority. Even in the face of
antibiotic therapy, infected pleural effusions can rapidly coagulate and
organize to form fibrous peels that might require surgical decortication.
Therefore, quickly assess pleural fluid characteristics predictive of a
complicated course to identify parapneumonic effusions that require
urgent tube drainage. These are observed more commonly in indolent
anaerobic pneumonias than in typical community-acquired pneumonia.
Indications for urgent drainage of parapneumonic effusions include
(1) frankly purulent fluid, (2) a pleural fluid pH of less than 7.0-7.1,
(3) loculated effusions, and (4) bacteria on Gram stain or culture.
Patients with parapneumonic effusions who do not meet the criteria for
immediate tube drainage should improve clinically within one week with
appropriate antibiotic treatment.
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Large Scale Lab Errors

Extensive use of automation in the clinical laboratory creates the
potential for systematic errors that affect a large number of patient
results before the erroris discovered. When a large-scale testing error is
found, the approaches recommended for responding to individual
medical mishaps are often inadequate. This report uses 2 case studies
to illustrate some of the unique challenges facing laboratory managers
confronted with a large-scale testing error. 9 distinct constituencies have
been identified that may be impacted by large-scale testing errors, each
of which requires laboratory management's thoughtful and timely
attention.

Introduction

In October 2008, Quest Diagnostics (QD) initiated what may have been
the largest recall of clinical test results, due to a systematic laboratory
error that potentially affected more than 300,000 vitamin D values.
According to a company spokesperson, 7% of vitamin D tests performed
by QD from early 2007 to mid 2008 were impacted by incorrect
calibrators used at 4 of 7 QD testing facilities. Because of the
controversial usefulness of vitamin D testing in patient management, it
was not clear whether any patients were harmed as a result of testing
inaccuracy. Although the QD recall and retesting program received
national publicity, in our experience large-scale testing errors involve
many (possibly most) testing facilities. Laboratories with the most highly
developed quality management systems may, ironically, be most adept
at identifying systematic errors that pass undetected at less capable
facilities. Much has been written about how to respond to errors in health
care. Professional societies have advocated discussion of a serious
error with the affected patient and the assumption of responsibility. One
hospital accrediting organization, The protocols require use of a specific
investigatory technique called "root cause analysis" to examine "sentinel
events" associated with certain types of serious errors and to address
latent causes that can lead to recurrence of problems. The extensive use
of automation and other mass-production techniques in the clinical
laboratory creates the potential for systematic errors to affect a large
number of patient results before the error is discovered. The term "large-
scale testing error" is used to mean an error thatimpacts a large number
of clinical laboratory results because of a defect in a system used for
high-volume testing. Large-scale testing errors differ from the type of
errors that most commonly occur in other health care settings. Most
health care errors are one-of-a-kind or rare events that require some
individual caregiver's cognitive failure—a slip, lapse, or
mistake—usually in concert with other factors. When a large-scale
testing error is found, the approaches recommended for responding to
individual medical mishaps are often inadequate. Patients potentially
impacted by a large-scale testing error may not be immediately
identifiable or easily contacted and often number in the thousands. The
clinical impact of the error is likely to be incompletely understood at the
time the error is discovered, clouding decisions about whether and how
to notify caregivers and patients. Finally, large-scale testing errors are
likely to be ongoing at the time a laboratory problem s first detected, with
additional errors being produced every day. Post discovery investigatory
techniques used to study isolated errors, such as root cause analysis,
are generally conducted over the course of several weeks during what is
assumed to be a safe window in which the error in question is unlikely to
recur. When large-scale testing errors are discovered in the laboratory,
the potential for additional ongoing damage must be addressed
immediately, often before root causes of the error are fully illuminated.
This report uses 2 case studies to illustrate some of the unique

challenges facing laboratory managers confronted with a large-scale
testing error. We use these cases as a springboard for discussing 9
distinct constituencies that may be impacted by large-scale testing
errors, each of which requires laboratory management's thoughtful and
timely attention.

Table 1.

Constituency Responsibility

Patients about to undergo Prevent additional errors
testing

Assess risk of adverse
consequences; notify and correct
results or offer retesting as
appropriate

Patients who have
undergone testing

Caregivers and other Assess risk of adverse

customers consequences; notify and correct
results or offer retesting as
appropriate

Payers Reverse charges for results known

or likely to be inaccurate
Regulators and accreditors | Notify of incident as appropriate or
required; cooperate in investigation
and industry notification as required
General public Proactive communication of any
ongoing risk to public health and
safety

Vendors and suppliers Notify of incident; cooperate in
investigation of cause as required

Laboratory owners Notify of incident; assist with
vulnerability assessment and
communication

Laboratory workers Notify of incident; define authorized

communication channels for
responding to incident; assess risk
to laboratory staff and follow up as
appropriate

Example 1. Incorrect International Normalized Ratio Results

In 2007, during a certification inspection of Laboratory X, an inspector
attempted to verify the laboratory's international normalized ratio (INR)
calculation using the laboratory's measured prothrombin time (PT),
mean normal PT, and the labeled International Sensitivity Index (ISI) of
the manufactured prothrombin reagent. The INR value manually
calculated by the inspector was found to be 8% greater than the INR
reported by the analyzer that had measured the PT. Manually calculated
INR values for 2 more PTs were also greater than the INR reported by the
analyzer. The inspector cited the laboratory for a deficiency, and the
analyzer in question was immediately taken out of service while the
problem was investigated. Investigation the day after the inspection

Crix

LAB ERRORS & BIOSAFETY



LAB ERRORS & BIOSAFETY

revealed that the analyzer had been calibrated 2 months before the
inspection. Although the reagent ISI had been correctly entered into the
coagulometer at the time of calibration, examination of calibration
records showed that an additional "adjustment ratio" had not been
calculated and entered into the analyzer, as required by a technical
bulletin issued by the instrument manufacturer. Instead, the adjustment
ratio that had been calculated and entered during an earlier calibration
remained in the instrument. The laboratory's written recalibration
procedure included instructions to enter the adjustment ratio, but this
step had been omitted during the most recent calibration. The
technologist who performed the calibration was experienced with
coagulation testing and calibration but recently had been transferred
from another laboratory within the health care system that used a
different model coagulometer produced by the same manufacturer. The
model with which the technologist was familiar did not require entry of the
adjustment ratio. As a result of the omission during calibration, all INR
values calculated by the coagulometer since the recalibration were 8%
lower than what they would have been if the correct ratio adjustment
factor had been entered during the calibration procedure. No proficiency
testing events had occurred during the 2 months between the
coagulometer recalibration and the inspection of Laboratory X. On the
day after the inspection, the analyzer was recalibrated using the
appropriate adjustment ratio. Ten samples were run on the analyzer, the
INR was manually calculated for each sample, and all reported results
were in agreement with manual calculations. The instrument was then
placed back in clinical service. Laboratory X served a large outpatient
facility but no inpatients. The laboratory was cited for a total of 6
deficiencies as a result of the inspection. The other 5 deficiencies
concerned process issues that did not directly impact the accuracy of
test results. The laboratory medical director was aware of all 6 citations
and tasked the laboratory technical director with documenting corrective
action that had been taken in relation to each deficiency. Three weeks
after the inspection, a representative from the Laboratory Accreditation
Program called the technical director and inquired into the specific steps
that the laboratory had taken to notify caregivers about erroneous INR
results. After receiving the call, the laboratory's medical and technical
directors organized a "look-back" program to address erroneous results
that had been released. A search program was developed using the ad
hoc query language that formed part of Laboratory X's laboratory
information system. The search revealed that 1,620 INR values had
been reported by the coagulometer since its last calibration. Each of the
1,620 reported INR results were presumed to be 8% lower than the value
that would have been reported had the instrument calibration been
performed correctly. A computer program was then written to generate
letters to each physician who had ordered an implicated assay. Each
physician was informed of the names of impacted patients, the
incorrectly reported INR value, and the correct value. To facilitate follow-
up, patients and their INR results were divided into 3 groups: (1) patients
with values that were reported as subtherapeutic (INR < 1.5) but that
were actually therapeutic (INR between 1.5 and 3); (2) patients with
values that were reported as therapeutic but that were actually
supratherapeutic (INR >3); and (3) patients with values that when
corrected did not cross from one category to another. Of the implicated
results, 93% fell into this third group (no change in category). Caregivers
were given lists of their patients who fell into each category. The risk
management department of the hospital system associated with the
laboratory was contacted, as was executive management of the
hospital. Six days elapsed before the risk management department
cleared for release a letter from the laboratory describing the nature and
cause of the problem. This letter was sent to all physicians who had
ordered 1 of the 1,620 assays, along with a list of corrected results.
Retesting at no charge was offered to all impacted patients, and
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physicians were encouraged to contact the laboratory if they believed
any patient had experienced an adverse event as a result of the error. No
communications about adverse events were received. Because letters
informing physicians about the erroneous test results were released
approximately 5 weeks after the error was discovered, many patients
involved by the incident had already been retested as part of routine
monitoring of oral anticoagulant therapy. Approximately 20 patients and
their caregivers availed themselves of the offer for follow-up testing at no
charge. All charges related to the 1,620 incorrectly reported test results
were reversed. A sentinel event investigation was initiated that identified
the use of multiple models of coagulometers within the health care
system as a causal factor for the incident, and the model that required
manual entry of the ratio adjustment was replaced approximately 6
months after the sentinel eventinvestigation concluded.

CASE 2: INCORRECT HIV SCREENING RESULTS

In 2006, a technologist at Laboratory Y was reviewing HIV1 and HIV2
enzyme-linked immunosorbent assay screening results and noted that
the laboratory had reported a negative result 2 days previously for a
patient who had tested positive several weeks earlier. The technologist
brought the matter to her supervisor who informed Laboratory Y's
medical and technical directors. The medical director had the patient's
negative specimen retested twice, and on both retests, the result was
positive. As a matter of policy, the laboratory tested 3 levels of controls
with each run, and review of control results showed expected levels of
absorbance on the day the incorrect negative patient result had been
obtained. Laboratory Y's medical director had the negative patient result
corrected to positive and called the director of the laboratory that had
referred the specimen to Laboratory Y. Until the cause of the problem
could be determined and corrected, the medical director of Laboratory Y
also instructed testing personnel to have all HIV specimens tested twice
before results were released and to release patient results only if both
tests produced the same result. The decision to test all specimens twice
was made on the day the issue was first noted, as was correction of the
erroneous result. The laboratory used an automated system for testing
antibodies to HIV1 and HIV2 that had been cleared by the appropriate
authorities (AA) under the review paradigm. An understanding of the
likely cause of the error developed during the next 2 weeks as additional
clues were discovered. Two days after the initial error, a technologist
noticed that one of the patient wells in the HIV microtiter tray contained
less fluid than the other wells. The instrument was stopped, and
examination of the tray revealed that patient specimen had not been
dispensed into the well in question by the instrument's automated
pipettor but had been properly dispensed into all of the other wells in the
tray. The batch was discarded, and testing was resumed (again in
duplicate). The technologist was instructed to watch the instrument as it
divided the patient specimen to ensure that specimen was dispensed
into each reaction well. The service representative from the instrument
manufacturer was summoned to investigate the issue. The
representative told Laboratory Y's section manager that technologists
should check for bubbles in pipette tips and check each pipette tip to
make sure it had a hole in the end. Neither of these instructions was in
the AA cleared product insert. During the next week 1 additional
“nondispense event" was observed, in which the automated dispensing
arm did not dispense patient specimen into a test well. Visual
examination of the disposable pipette tip revealed no bubble or obvious
defects. The director of product service at the instrument manufacturer
was contacted. The instrument manufacturer committed to cooperate in
investigating the problem and offered to pay for all reagents associated
with retesting until the problem was resolved. Based on the nondispense
events that had been observed, Laboratory Y's management estimated
that approximately 1 in 400 specimens was not being properly
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dispensed into test wells. A nondispense event had the potential to
produce a false-negative result, but not a false-positive result, and would
only cause incorrect results in truly positive specimens. Because 99% of
specimens tested by Laboratory Y were negative, management
estimated that approximately (1in 400 tests) x (1 in 100 specimens) or 1
in 40,000 test results reported by the laboratory would be incorrect.
Because the date on which erratic dispensing started was unknown,
management considered all results produced on the test instrument to
be potentially impacted. Approximately 30,000 specimens had been
tested since the instrument was first placed in service, 8 months before
the index error became known. The manufacturer of the HIV test system
denied receiving other reports of nondispense events. Nevertheless, the
director of Laboratory Y reported the problem to the AA Office of In Vitro
Diagnostic Device Evaluation and Safety and posted the issue on the
AAs Web-based voluntary reporting system. Laboratory Y was not
contacted by the AA in follow-up. Laboratory Y was a reference
laboratory that received specimens from other clinical laboratories. The
director of Laboratory Y determined that a look-back and retesting
program should be instituted to notify caregivers and patients about the
small but real possibility of false-negative HIV test results. In
implementing the look-back program, a number of issues surfaced: (1)
As areference facility, Laboratory Y did not have the addresses of tested
patients and, in a number of cases, did not know the names of ordering
physicians. Laboratory Y offered to assist client laboratories in notifying
ordering physicians and their patients and to defray the costs of printing
self-addressed patient letters that could be mailed to ordering
physicians. (2) Although it was clear that ordering physicians needed to
be informed that the problem potentially impacted HIV test results, it was
not clear whether patient letters should include the name of the test
because a misunderstanding might cause patients anxiety out of
proportion to actual risk. (3) Some people were of the opinion that
patients needed to be informed directly, irrespective of the wishes of the
patients' ordering physicians. Others believed that the risk of harm (1 in
40,000 results) was too low to require direct patient communication and
that communication with the patients' caregiver was adequate. The
question of whether retesting should be recommended or simply offered
was also debated. (4) There was controversy about whether the name of
the instrument manufacturer should be included in letters to referring
laboratories or physicians. (5) A special process needed to be created to
facilitate no-charge retesting. (6) Debate ensued about whether
laboratory charges should be reversed, given the low risk of error in any
given specimen. (7) It was not clear whether caregiver notification letters
should be signed by the director of Laboratory Y or the director of the
referring laboratory or be unsigned. The risk management department at
several hospitals that referred specimens to Laboratory Y contacted
Laboratory Y management for information and updates. Some risk
management departments prepared press releases, but no statements
were released to the press. When 2 subsequent nondispense events
were detected, Laboratory Y revised its risk estimate and calculated that
the risk of an incorrect result might be as high as 1 in 10,000 tests. One
hospital risk management department wanted Laboratory Y to send
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follow-up letters to caregivers with the revised risk estimate, since a risk
of approximately 1 in 40,000 tests had been previously reported. Three
months after the incident, Laboratory Y replaced its HIV test system with
another system that was programmed to detect dispensing failures. The
manufacturer of the original test system paid for all reagent expenses
associated with testing and part of the look-back and notification
expenses and subsequently modified its own HIV test system to
automatically detect dispensing failures. Six months after the incident,
only 1 patient who had initially tested negative subsequently tested
positive. This patient had initially tested negative on 5 occasions, was
known to be engaging in high-risk behavior, and was being tested on a
regular basis because of his risk profile. The patient was considered to
have seroconverted and not to have been subject to a false-negative
result.

DISCUSSION

Laboratories use a portfolio of "controls” or "good laboratory practices" to
prevent errors and ensure the integrity of laboratory processes and the
accuracy of test results. These practices range from contemporaneous
quality control testing to periodic employee competency assessment
and from preproduction validation of new test methods to external
proficiency testing and on-site laboratory inspection. Some controls
used in laboratories are prescribed by legislation, regulation, or health
care accrediting agencies (eg, CAP efc), others are adopted by
laboratory management in response to local imperatives or perceived
vulnerabilities. An example of the latter might include the decision by
laboratory management to double check the output of a printer that has
shown variable function in the past. Although the application of good
laboratory practices undoubtedly reduces the frequency of mistakes or
"nonconformances," laboratory errors nevertheless occur. As is the case
in other branches of medicine, most laboratory errors do not impact
patient outcomes. As case 1 illustrates, only a small fraction of laboratory
errors affect management of a patient's condition, and only a subset of
these errors cause injury to patients. Nevertheless, the potential to injure
patients is implicit in most laboratory errors, and for that reason every
laboratory error deserves some sort of investigation and response.
When automated testing produces laboratory errors on a large scale, the
risk of adverse patientimpactis increased. Large-scale laboratory errors
vary considerably with respect to their cause and potential
consequences. The 2 case reports presented in the article concern
errors related to execution of calibration procedures and instrument
design. The cause of other systematic errors known to us have ranged
from defects in reagent quality, variation in manufacture of blood
collection tubes, and defects in automated flow cytometry gating
software or computer screens used to collect gestational age
information for prenatal testing. The diverse causes and consequences
of large-scale testing errors make us hesitant to recommend a standard
"cookie cutter" approach to error recovery. Incidents that involve blood
specimens and chronic diseases offer the opportunity for retesting.
Incidents involving irreplaceable specimens or testing that occurs in
acute high-stakes settings reduce recovery options.
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Reporting Critical Values in Laboratory Practice

Among the most important functions of a pathology or laboratory
medicine service is the clear, accurate, and rapid communication of
critical test results (critical values) to patient care providers. Pathologists
and laboratory professionals are often confronted with many obstacles
in the reporting of such critical values, including establishing clinically
relevant criteria for critical values, resolving difficulties in locating an
ordering provider when a critical value is obtained, and ensuring that the
provider understands the severity and implications of a critical result
when he or she has questions.

Case Scenario:

Apatient with atrial fibrillation who is receiving warfarin has an afternoon
cardiology appointment for routine care and anticoagulant monitoring. A
basic metabolic profile and prothrombin time are ordered. The specimen
is transported to the laboratory by courier, and laboratory testing is
completed at 7:30 PM. All values are within normal limits except for an
elevated potassium level (K") of 6.9 mEg/L (6.9 mmol/L; reference range,
3.2-5.2mEq/L [3.2-5.2 mmol/L]) and a prothrombin time of 64.7 seconds
(reference range, 11.1-13.2 seconds), corresponding to an international
normalized ratio of 7.4. These results qualify as critical values by your
clinical laboratory policy, and the laboratory technologist attempts to
contact the ordering clinician by telephone. Calls to the physician's office
are not forwarded to an answering service or covering clinician, but
rather directed to an office answering machine. The ordering physician
does not respond to pages or telephone calls made to the contact
numbers listed in the hospital telephone directory or laboratory
information system (LIS). The laboratory technologist contacts the on-
call pathology resident and asks for assistance.

Questions:

(1) What are laboratory critical values? (2) What are the requirements for
critical value reporting? (3) How should clinical laboratories establish
critical value lists and determine appropriate thresholds? (4) Who should
make and receive critical value notifications? (5) How might critical value
reporting be improved? (6) What are the responsibilities of pathologists
and laboratory directors in the critical value process?

Background:

Lundberg first outlined the fundamental components of critical value
reporting in a Medical Laboratory Observer article, describing critical
laboratory values as "values which reflect pathophysiological
derangements at such variance with normal as to be life threatening if
therapy is not instituted immediately." They have more recently been
described as "laboratory results that indicate a life-threatening situation
for the patient. Because of their critical nature, urgent notification of a
critical value to the appropriate healthcare professional is necessary."
Alternative terms for critical values include critical results, panic values,
and alert values. The term panic values carries a suggestion of
emotional stress and runs against the thoughtful and organized process
of communicating important information clearly. Its use is therefore
discouraged. Laboratories are required by numerous regulatory
agencies to develop and putinto practice critical value policies. Although
the content of these policies varies according to institutional needs, the
core components are often quite similar. This article begins by describing
the usual current regulatory requirements for critical value reporting.
This information will be followed by a detailed analysis of the
fundamental components of critical value notification. Aspects of critical
value reporting that have been evaluated in the literature are

emphasized, as are current technological advances that may change
the way in which critical value reporting takes place.

Establishing a Critical Values List:

Although there are many regulations specifying that laboratories must
define and communicate critical values, it may seem surprising that
regulations where they exist do not state which laboratory tests require
critical value limits and notification. Indeed, individual clinical
laboratories face unique challenges that reflect institutional
organization, clinical demand, patient population, instrumentation, and
staffing. Such variations have hindered the development of universal
standards for critical value reporting across laboratories. The idea of a
universal critical value list is appealing to many laboratorians and
clinicians. For example, many clinicians would likely consider a sodium
(Na") level of 168 mEq/L (168 mmol/L) a "critical" value regardless of
which laboratory performs the test. Indeed, the practice of assigning the
laboratory director responsibility for creating and refining the critical
value list has led to similar overall inclusion of tests between laboratories
without there being a universal mandate or requirement. As an example,
virtually all laboratories include Na" on their critical value list precisely
because itis important for patient care. Furthermore, not communicating
a critically elevated Na" level could have medicolegal ramifications if an
adverse clinical outcome occurred. Defining (and then mandating) a
universal set of thresholds for tests, however, would be a daunting task
given the scarcity of outcomes-based data on critical value thresholds.
Inherent variability in assay-specific reference intervals between
institutions is also a complicating factor. An individual laboratory director
can account for this variability by defining critical ranges consistent with
his or her own assays and instrumentation. How should a laboratory
determine which tests to include on a critical value list? Moreover, how
should the critical high and low thresholds be established? While
ultimately, this determination is the responsibility of the laboratory
director, it should be made in communication with the clinicians who use
laboratory services, as well as with a medical review board of the
institution, if applicable. This task may include meeting with relevant
physicians, medical and surgical section chiefs, hospital administrators,
and/or nurse managers to discuss critical value policies and to
determine if there are any tests that should be included (or omitted) and
whether any thresholds should be adjusted according to clinical needs.
Not every laboratory test should have critical values associated with it.
Critical value lists are, by nature, limited to not hinder the clinical
effectiveness of notification. Critical lists that are too inclusive (or that
have critical value thresholds that require excessive notification) place
an unnecessary burden on laboratory staff. Such lists annoy clinicians,
foster a negative attitude toward important laboratory services, and,
most important, provide uncertain additional benefit to patient care. At
the other extreme, lists that are too exclusive (or with thresholds that are
too high or low) might not prevent adverse clinical outcomes, as a delay
in the recognition of life-threatening laboratory results by clinicians can
be disastrous. Abalance must be achieved. The best place to start when
establishing or modifying critical value lists is by comparison with
previously published lists, practice parameters, and consensus
documents because these sources have been refined with the benefit of
time, institutional comparison, and clinical performance. Several
published studies from CAP (Q-Probes and Q-Tracks) have compared
critical value reporting across hundreds of institutions and are a valuable
resource for critical value policy assessment. Although most published
critical value lists do not include blood bank testing, we have included a

Crix




number of transfusion medicine—related scenarios that may benefit from
rapid communication and discussion with a responsible clinician. [t
should be noted that most published reports focus on critical value
notifications in general laboratory testing. Finally, many institutions place
their laboratory policies (including critical value lists) online, facilitating
comparison of lists between peer laboratories.

Critical Value Notification Procedures:

The initial step in the critical value communication process involves
identification of an abnormal result by someone in the laboratory. For
automated assays, the instrument, middleware, or LIS will notify the
laboratory staff (usually the performing technologist) of the critical value.
Laboratory policies must clearly indicate whether the assay should be
verified and/or repeated before reporting and, if so, within what time
frame. Repeat testing is not feasible in many circumstances (e.g. blood
culture results), and ongoing improvements in laboratory assays may
decrease the clinical usefulness of routine repeat testing before
reporting. This is a topic of continued clinical interest and debate. The
Patient Safety Goals state that laboratory procedures must indicate "by
whom and to whom" critical results are reported, as well as "the
acceptable length of time between the availability and reporting of critical
results." Documentation is required. The CAP checklist specifies what
information must be documented during critical value notifications,
including "date, time, responsible laboratory individual, [and] person
notified." Laboratory personnel who perform the actual tests are
currently responsible for making the vast majority of critical value
notifications. Itis recommended that critical value notifications should be
made by one of the "team members" involved in performing the
procedure. Laboratories face an ever-increasing dilemma in critical
value notification-the overall volume of laboratory testing is increasing,
but a continued shortage in the number of laboratory professionals
means that fewer people are expected to do more. Shifting the task of
critical value notification away from laboratory technologists may be
inevitable at many institutions. Indeed, a few hospitals have
implemented the use of automated notification systems for critical value
reporting. Itis advisable that critical values transmitted from the LISto a
hospital clinical information system trigger the generation of text
messages directed to the responsible clinician's mobile phone and
computer. If the clinician does not confirm receipt in the clinical
information system within 60 minutes, results are communicated by
telephone. This approach improves the speed of communication and
allowed for full electronic documentation of critical value reporting.
Elsewhere, an automated paging system was developed for critical
value notification. In that program, critical values transmitted from the
LIS generate a page containing the patient name, medical record
number, collection time, critical result, and reference range. The clinician
must confirm receipt of the critical value by dialing a phone number listed
in the message. If the clinician does not respond within 10 minutes (or
rejects the notification), the call is escalated to a trained group of
operators who proceed with telephone notification. Implementation of
that system increased documentation of critical value receipt by
physicians and decreased the median time for notification. Several other
studies have also evaluated the role of automated paging systems in
critical value reporting. It should be emphasized that automated
solutions should allow for an escalation policy to ensure communication
of critical results when clinicians do not acknowledge receipt.
Laboratory contactinformation should also be available so that clinicians
with additional questions can ask a laboratory professional or medical
director as appropriate. Patient privacy requirements should also be
considered with automated solutions because data conceivably might
be transmitted and stored on nonencrypted devices. Finally, device
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compatibility with alphanumeric characters (particularly units) and
character limits should also be evaluated because an inaccurate or
incomplete notification could lead to medical error and adverse clinical
outcome. To whom should critical values be reported? The results are to
be conveyed to the "responsible licensed caregiver." These could be a
"physician (or other clinical personnel responsible for patient care)" and
the "appropriate clinical individual." CLIArefers to "the individual or entity
requesting the testand, if applicable, the individual responsible for using
the test results". "Who can receive critical values?" for the inpatient and
outpatient settings. As expected, answers from virtually all facilities
included any licensed caregiver, ordering physician, on-call physician, or
resident. The "authorized agent" approach to critical value notification
(calling someone whom a licensed caregiver specifies can receive
critical value notifications but is not necessarily capable or authorized to
act on them independently) should be discouraged. Many facilities allow
for reporting of critical values directly to licensed nurses, who are then
responsible for conveying these results to ordering and/or covering
physicians. According to most regulatory agencies, this would also be an
acceptable practice as long as there is documentation that the critical
value was then conveyed by the nurse to the ordering physician and/or
licensed caregiver. As an alternative, some hospital networks have
adopted a policy of reporting all critical values generated from the
outpatient setting during "off" hours to a hospital emergency department
(ED) or triage center. For example, the standard operating procedure at
many hospitals is to report critical results to an ED attending physician,
who can then decide whether to act on these results. This approach
works well for hospitals, particularly because of the extensive electronic
medical record (EMR) available to all clinicians. Such a call reporting
system may be of limited benefit, however, atinstitutions with less robust
EMRs. Results would still need to be conveyed to the responsible
clinician for long-term management.

Escalation Policies:

What should a laboratory do when a technologist is not able to reach a
responsible clinician with the critical value? In these circumstances,
abandoning the call entirely is almost never an acceptable solution. An
escalation policy or a fail-safe mechanism can be beneficial in such
circumstances. An escalation policy would direct the laboratory
technologist to contact a supervisor, pathology resident, and/or medical
director to assist in critical value notification. This policy allows the
technologist to refocus on the important task of laboratory testing, and it
transfers the responsibility for notification to people who may have
greater access to an inpatient or outpatient EMR and who can put the
finding in a broader clinical context. In our experience, the pathology and
laboratory medicine residents are usually able to contact a covering
physician and convey these critical results. Verification of clinician
notification should be subsequently conveyed back to the laboratory
technologist (and entered into the LIS) to comply with CAP
requirements. A fail-safe mechanism (or safety net) can also be used in
cases in which notification continues to be unsuccessful. For example, if
a "physician representing the laboratory" determines that immediate
care of the patient may be required, the laboratory result and patient
information might be conveyed to a physician in the ED to contact the
patient directly. An approach to dealing with unreachable clinicians was
recently proposed in a 2010 article. The report included algorithms for
the inpatient and outpatient settings. After trying to contact the ordering
provider, the algorithms include attempting to identify and contact the
patient's primary care provider. If still unsuccessful, a chief of service or
chief of staff would ultimately be notified. This system has an added
benefit of bringing the issue of critical value reporting to the attention of a
hospital or departmental administrator who might not otherwise be
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aware of problems associated with the process. However, as with other
systems in which the ordering provider is not the physician ultimately
receiving the call, this process involves clinicians who may know very
little about a patient's medical history and the potential ramifications of
the critical value. It is advocated for active involvement of a pathology
resident, an attending pathologist, and/or a medical director in difficult-
to-convey critical value calls. It has been the experience that this
involvement usually opens avenues (e.g. investigations via the EMR)
that are not readily available to bench technologists. Such interventions
can ultimately result in more rapid communication to a clinician familiar
with the patientinvolved.

Repeat Critical Values:

Another common problem in critical value reporting is how a laboratory
should handle repeat critical values, or subsequent critical values for a
given assay on the same patient (but subsequent specimen).
Approximately 70% of surveyed laboratories have a policy on repeat
critical values. For those that do not, one is strongly recommended
because it will clarify laboratory technologist responsibility and establish
consistency in performance. There are only 3 options: (1) Call only the
first critical value. (2) Call each critical value. (3) Call critical values once
per interval of time. As clinicians become quickly annoyed by repetitive
calls for critical values, and as such calls may have diminishing value
over time, some advocate using interval criteria (for example, calling
once every 24 hours). Determining whether critical results meet interval
criteria might add additional tasks to laboratory technologists, although
LIS or middleware-based rules can be used to perform comparisons
automatically. Others have suggested that interval calling is appropriate
for only select analytes. Of note, one study demonstrated that lower
rates of undocumented critical value results in the medical record were
associated with policies that require calling all critical results. Such an
approach in high-volume laboratories, however, can be exceedingly
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burdensome to technologists and clinical staff, and there are minimal
data to argue the clinical benefit of one approach vs the other. Critical
value lists and procedures should include not just critical ranges but also
the frequency of when to call for each given test. A laboratory may
determine that some tests should be called with each critical value, while
others (such as a markedly elevated blood urine nitrogen level) may be
called using an interval approach. The laboratory policy should also
clarify how to handle critical value notification after a subsequent normal
result during the same interval (e.g. 8 AM, critical high; 9 AM, normal;
then 10 AM, critical high). In most policies, if a normal test result occurs
after a critical result, a subsequent critical result is considered new and
would be called again. The laboratory's policy should be clear for such
scenarios.

Critical Value Audits:

The importance of using critical value data to better understand
laboratory process and preanalytic error cannot be overemphasized.
For example, one program identified a specimen transport issue that led
to falsely elevated K results in some patients. Changing the transport
requirements decreased the number of critical high K" results. This
change not only enhanced the quality of the laboratory's performance
but also eased the burden of unnecessary critical value calls. Analysis of
critical value limits can also be used to estimate the impact on call
frequency that would result from changing threshold requirements.
Analysis can reveal differences in critical value patterns by patient
location (e.g. falling hematocrit values on surgical services vs low K’
values on medical services). This information could be used, for
example, in the evaluation of new point-of-care programs. Others have
used critical values analysis in studies of adverse events and clinical
activity at discrete hospital locations. Critical value audits provide
tremendous information on laboratory processes, and they are a great
starting point for quality improvementinitiatives.
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Sterility (Infection Control) Maintenance
in Relation to Diagnostic Laboratories

HAND WASHING

Infection control tips on hand washing: Hand washing is the single
most important procedure for preventing transmission of infections. In
contact with body secretions, excretions, Health care workers hands can
carry bacteria, viruses, and fungi that may be potentially infectious. Hand
washing antiseptic liquid soap (HITMAX™) is recommended. After
contact with blood and or body substances, mucous membranes, soiled
linen waste, or contaminated equipment. Immediately after removing
gloves. Gloves may become perforated and bacteria can multiply rapidly
on gloved hands. Before and after performing clean or sterile
procedures. Between tasks at different body sites on the same patient
(to prevent cross contamination). Between patients contact, and when
other wise indicated to avoid transfer of microorganisms to other patients
or environments. Before starting your shift duty and after completion of
your duty. Before and after, drinking, smoking, applying cosmetics or
preparing food. After personal use of toilet.

How to perform hand washing: Remove jewelery (rings, bracelets)
and watches. Rinse hands and wrists under water. Apply antiseptic liquid
soap (HITMAX™). Using friction, wash hands for at least 10 to 15
seconds cleaning between fingers, nail beds, palms, back of hands,
wrists and forearms. If hands are visibly soiled, more time may be
required. If there is no assistant to close the tap, cover the tap with fresh
tissue paper and gently close. Taking care to see that the hand does not
come in contact with unsterile tap. Hand washing technique charts are
displayed near sinks and can be followed. Additional alcohol-based
solutions with residual activity (STERIMAX™/ TRIOSEPT™) (HICC
approved hand rub) are recommended for use in setting where hand-
washing facilities are inadequate or inaccessible and hands are not
visibly soiled. If these solutions are used as a substitute for hand
washing, hand washing with antiseptic liquid soap and water should be
performed as soon as possible after procedure.

Universal / Standard Precautions: \Wash hands with antiseptic liquid
soap and water immediately, if it become contaminated with blood or
body fluids. Wash hands routinely before and after contact with a patient
and after take off the gloves. Apply standard precautions to all patients
regardless of their diagnosis, and to all contaminated equipment and
materials. Use judgement in determining when protective barriers are
necessary. \Wear examination gloves when the hands are likely to be in
contact with blood or body fluids, mucous membranes, skin that has
open cuts or sores, or contaminated items or surfaces. Wear a protective
gown (wear on) or apron when you are likely to soil the cloths with blood
or body fluids. Use caution when handling contaminated sharps.
Dispose them offimmediately after use in a puncture resistant container.
Avoid recapping needles. Use a one-handed recapping technique when
absolutely necessary. Wear examination gloves whenever handling
laboratory specimens and tubes of blood. While performing procedures,
use technique that minimize the splashing or spraying of body fluids. Use
protective eyewear and mask as needed. Use ambu bag with facemask
when giving CPR (cardiac pulmonary resuscitation). Clean up spills of
blood or body fluid promptly using gloves, a towel and a disinfectant ( 1%
sodium hypochlorite or SURFAX™). Place soiled linen in a soiled linen
room and take it to its final place of disposal Clean, disinfect or sterilize
contaminated equipment between uses and before sending equipment
for repairs. It is mandatory for all health care workers to take Hepatitis B
vaccination. Report any needle stick injury or blood or body fluid
exposures promptly to the infection control team.

How to handle a bloodspill? Wear gloves. Cover the spill with cotton
cloth or newspaper or any other absorbent material. Pour 1% sodium
hypochlorite or SURFAX™ solution over the spill. Wipe spilled area after
30 minutes. Discard soiled material in yellow colour waste bag. Clean /
mop the area with hard surface disinfectant like MICROLYSE™. Discard
gloves into red colour waste bag. Wash hands with antiseptic liquid soap
and water.

Precautions while handling sharps: Use caution when handling all
sharps. Do not bend, break or manipulate sharps by hand. Place
disposable sharps in puncture resistant containerimmediately after use.
Do not recap or remove needles from a syringe by hand unless no
alternative exists. Use one handed recap technique if you must recap a
needle. Use a device instead of your hand to pick up or remove
contaminated needles. Use a mechanical device (dustpans) to clean up
broken glassware. Avoid passing sharps from person to person.

WASTE MANAGEMENT

Purpose: Dispose biomedical waste as per the guidelines.
Responsibility: Laboratory staff. Equipment: Plastic containers.
Plasticliners (bags) of four different colours (yellow, red, white and black)
and a variety of sizes (big, medium and small) for collection of different
types of infected and non infected wastes, a sealing mechanism at the
neck of the bag (tie). Gloves. Puncture proof can. Waste collection
trolleys. Procedure: All hospital waste should be segregated at source
by the generator in colour coded plastic bags. Disposal of infected
waste —all infected waste is collected in a container with a yellow colour
plastic liner (bag). When it is % full seal and send it to the utility room for
collection. Disposal of infected plastics and rubber - collected in a
container with red colour plastic bag. When itis % full seal and send it to
the utility room for collection. Disposal of non-infective plastics, rubber
and glass - collected in a container with white colour plastic bag. When %
full seal and send it to the utility room for collection. Disposal of non-
infective general waste — in black plastic liners (bags) kept in every
wastepaper bin. It is removed from the waste bins, collected in large
bags and sent to the utility room for collection. The same person
replaces fresh liners immediately (if required). Disposal of sharps —
needles, syringes, must be placed in a puncture proof container. If
syringe and needle cannot be disengaged, both are discarded together
into the container. When the container % full will be closed and send it to
the utility room for collection. All the categories of waste are weighed and
entered into the statement of bio-medical waste format at the generation
area and also at the handover to the outsourced agency. This is entered
into a computer. Disposal of infected liquid — urine, sputum and other
body fluids of all patients are flushed down into the toilet flush. All staff
must wear appropriate gloves and protective clothing when handling
infected waste (linen, materials or equipment) and strict hand washing
procedures must be followed after each contact with patients or infected
materials. All new employees should receive mandatory training on
handling waste.

VENIPUNCTURE

Venipuncture involves piercing a vein with a needle and collecting blood
in a syringe or evacuated tube. Equipment: Tourniquet, gloves, syringe
or vacutainer tube, vacutainer needle and adapter, alcohol swab, label,
laboratory requisition form. Procedure: Wash your hands with antiseptic
liquid soap (HITMAX™) thoroughly and wear gloves to prevent cross-
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contamination. Explain the procedure to the patient. If the patient is on
bed rest, ask him to lie supine, with his head slightly elevated and his
arms at his sides. Ask the ambulatory patient to sit in a chair and support
his arm securely on an armrest or table. Assess the patient’s veins to
determine the best puncture site. Observe the skin for the vein's blue
color, or palpate the vein for a firm rebound sensation. Tie a tourniquet 2"
(5cm) proximal to the area chosen. Then ask him to close his fist as you
insert the needle and to open it again when needle is in place. Clean the
Venipuncture site with an alcohol sponge. Wipe in a circular motion and
allow the skin to dry before performing Venipuncture. Immobilize the vein
by pressing just below the Venipuncture site with your thumb and
drawing the skin taut. Position the needle holder or syringe with the
needle bevel up and the shaft parallel to the path of the vein and at a 30-
degree angle to the arm. If you are using a syringe, venous blood will
appear in the hub; with draw the blood slowly, pulling the plunger of the
syringe gently to create steady suction until you obtain the required
sample. Pulling the plunger too forcibly may collapse the vein. If you are
using a needle holder and evacuated tube, a drop of blood will appear
just inside the needle holder. Grasp the holder securely to stabilize it in
the vein, and push down on the collection tube until the needle punctures
the rubber stopper. Blood will flow into the tube automatically. Remove
the tourniquet as soon as blood flows adequately. After you have drawn
the sample, apply gentle pressure to the puncture site for 2 or 3 minutes
or until bleeding stops. If you have used a syringe, transfer the sample to
a collection tube. Note: Avoid using veins in the patient’s legs for
venipuncture, if possible, because this increases the risk of
thrombophlebitis. Documentation: Record the date, time and site of
venipuncture; name of the test; the time the sample was sent to the
laboratory.

FUMIGATION

With excellent housekeeping techniques routine fumigation is not
required. However, most often only average cleaning is possible. In such
circumstances fumigation can be done monthly and after epidemics.
Fumigation should be done with eco-friendly fumigant like SILVICIDE™.
Formalin should be avoided since it is carcinogenic. Doors, windows,
walls and floors must be scrubbed thoroughly with HICC approved
alkaline disinfectant (pH 8 to 9%) like MICROLYSE™ and water.
Procedure: Doors, windows, walls and floors must be scrubbed
thoroughly with MICROLYSE™ and water. All central oxygen and suction
lines should be shut off. Ventilator outlets, air conditioner vents and gaps
in doors and windows should be sealed airtight. All movable equipment
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and furniture should be removed and disinfected. Use a hydrogen
peroxide + silver nitrate-based fumigant (SILVICIDE™) for fumigation. A
fogger machine that can generate fumes at 5-15 microns particle size
should be used for fumigation. Fumigation procedure: First calculate
the area to be fogged (length x breadth x height in cubic feet). According
to area, calculate the required quantity of disinfectant solution &
Demineralised/ distilled water. Put your personal protective equipment
like gloves, mask, lab coat. Take a measuring cylinder. Measure the
required quantity of disinfectant solution & pour into the tank of the
fogger. Again take the measuring cylinder & measure the required
quantity of DM water, pour into the tank of the fogger. Gently shake the
tank in clockwise direction. With switch in OFF position, plug the cord
into power outlet of the proper voltage. Place the fogger at a corner of the
room with nozzle direction pointed in desired position. Before switching
ON ensure that intake air filter is in its place. Then switch ON the
machine, fogger will generate the fog. Fogger machine should generate
fine spray (5-15 microns) of the liquid & if a thick spray like comes out of
the fogger, then adjust the knob (black color) to get a fine mist. Once you
put ON the machine, come out of the room & lock the room. The room
should be air-tight for maximum effect. After the said time open the door
& goinside & put OFF the machine. Take the machine out & again close
the room for 1 hour (no one is supposed to go inside for 1 hour which is
the recommended contact time). After 1 hour the room is ready for use.
Managing exposure to blood or potentially infectious body fluids:
Parental (needlestick) exposure to HIV infection is 0.3% risk of
transmission of HIV. This is because of the low concentration of virus in
the blood of infected patients. The risk in the case of HBV infected
specimen in similar situations is 5-30 %.

Immediate care: For needle- stick injury: Briefly induce bleeding from
wound. Wash for 10 minutes with HITMAX™ and water. For non- intact
skin exposure: Wash with antiseptic soap and water or antiseptic like
ZYTALL™/SAVINOX™/NUSEPT™. For mucosal exposure ( e.g. Splash
into eyes): Irrigate copiously by running a pint of normal saline over 10
minutes, the eye being held open the another person.

Reporting: All sharps injury (break of skin with any sharp instrument
such as hypodermic needle previously used on a patient) and mucosal
exposure (blood or body fluids coming into contact with eyes, mouth etc.)
should be reported to the Hospital infection control chairman / nurse ,
immediately following exposure. All blood and body fluids with visible
blood are considered infectious. Other body fluids may be potentially
infectious and must be evaluated on case - to - case basis.
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Protocol for Managing Exposure to Blood or
Potentially Infectious Body Fluids in the Laboratory

Parenteral (needlestick) exposure to HIV infection is 0.3% risk of
transmission of HIV. This is because of the low concentration of virus in
the blood of infected patients. The risk in the case of HBV infected
specimen in similar situations is 5-30 %.

Immediate care

For needle- stick injury: Briefly induce bleeding from wound. Wash for 10
minutes with soap and water, or a disinfectant. For non- intact skin
exposure: Wash with soap and water or antiseptic. For mucosal
exposure (e.g. Splash into eyes): Irrigate copiously by running a pint of
normal saline over 10 minutes, the eye being held open the another
person.

Reporting

All sharps injury (break of skin with any sharp instrument such as
hypodermic needle previously used on a patient) and mucosal exposure
(blood or body fluids coming into contact with eyes, mouth etc.) should
be reported to the Consultant Pathologist/ Microbiologist and then to the
Consultant Physician. All blood and body fluids with visible blood are
considered infectious. Other body fluids may be potentially infectious
and must be evaluated on case - to - case basis.

Management

Assessing the risk of transmission of HBV/ or HIV infection: For All
exposure the following investigations need to be done: Index patient
should be checked for the following: HIV antibody, HBsAg, HCV
antibody. Health care worker: After obtaining consent, blood of the health
care worker is checked for: HBsAg, HIV, Anti HBs antibodies. The blood
samples for the investigations listed above are sent for rapid testing.

Ifthe index case is HBsAg positive:

HCwW ACTION
HBsAg
Antibodies >100 MIU Reassure

First of HBV vaccine and HBV
immuno- globulin(0.6ml/kg-IM)
Booster dose of vaccine
Counselling

Antibodies negative or <10 MIU

Antibody between 10- 100 MIU
HBsAg Positive

Follow up: Staff asked to come back for HBsAg testing at 3& 6 months
and for completion of vaccination.

Ifthe index case is HBsAg negative:

HBsAg negative

Antibodies >100 MIU Reassure

Antibody negative or <100MIU | Vaccination (full or booster as
required)

HBsAg positive Counselling

Ifthe index case is HIV negative or the index case is unknown:
Do not start chemoprophylaxis; consult the HICC chairman. The HCW is
offered HIV antibody testing 0,1,3,6,12 months.

If the index case is HIV positive and HCW is HIV negative, the

protocol given below is followed.

® Forlndian setting all HIV positive index patients are to be considered
as highly infectious.

® Chemoprophylaxis is best when started within 1-2 hours following
exposure. The cut off period for chemoprophylaxis is 72 hours
following exposure.

® The following investigations are to be done while starting
chemoprophylaxis. Do not delay starting chemoprophylaxis for the
sake ofthese investigations.

® Hemoglobin estimation, Platelet count, Reticulocyte count, WBC-
total & differential counts, Serum creatinine, Liver function test,
Random blood sugar.

Categorization of exposures with recommended prophylaxis

Use three drugs (Zidovudine + Lamuvudine + Indinavir) for All
percutaneous injuries with contaminated sharps, Mucous membrane/
non-intact skin exposure with large volumes of body fluid for long
duration.

Use 2 drugs (Zidovudine + Lamuvidine) for mucous membrane/ non-
intact skin exposure with small volume body fluid for short duration.

If in doubt, start on 3 drug immediately and consult a senior person as
early as possible.

Drug Regimen

3 drugs — Azidothymidine (Zidovudine) 200 mg thrice daily, Lamuvidine
150 mg twice daily and Indinavir 800 mg every 8 hours. If Indinavir is not
available, Nelfinavir 750 mg three times is to be used.

2drugs - Zidovudine and Lamuvidine.

Total duration 4 weeks for both.

Ifthe index patient is already on anti-retroviral treatment with 1 drug, add

2 new drugs for the staff. The pharmacy will stock all 3 drugs used in
chemoprophylaxis at all times.

Follow up of HCW

The HCW should be tested for HIV antibodies after 6 weeks, 3 months
and 6 months following the exposure, irrespective of the HIV status of the
index patient.

Counselling
Counselling of the HCW s performed when necessary.

How to handle abloodspill?

® Weargloves.

® Cover the spill with cotton cloth or newspaper or any other absorbent
material.

® Pour 1% sodium hypochlorite solution over the spill.

® Wipe spilled area after 30 minutes.

® Discard soiled material in yellow colour waste bag.

@ (lean/mop the area with detergent.

® Discard glovesintored colour waste bag.

® Wash hands with soap and water.
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Standard Operating Procedures for a Medical Microbiology Lab

The medical microbiology laboratory helps health care providers
discover and treat infections. As a result, the laboratory workers perform
testing on potentially infectious materials and some very dangerous
microbes. Soitis essential that all laboratory personnel follow a standard
operating procedure (SOP) which outlines every aspect of the work to be
doneinthe lab.

Safety:

Firstand foremost in the microbiology lab should be safety. Any good set
of standard operating procedures must include information on standard
precautions. Standard precautions involve the use of personal
protective equipment (like gloves and gowns) and techniques (like
handling of body fluids) to minimize the possibility of contamination or
infection. For example, the SOP could read, "Use of gloves to handle
culture dishes is mandatory. Only open and process samples under the
laminar flow hood.”

Samples:

Laboratory results are only as good as the samples. If the samples are of
bad quality, then the results will be invalid or not helpful in the treatment
of the patient. The SOP should include what samples are acceptable for
the different tests done in the microbiology lab. This includes describing
how the sample should have been collected, how soon they should be
delivered to the lab and what kind of special preparations should be done
to them once they arrive. For example, the SOP could read,
"Catheterized urine is the best specimen for a urine culture, followed by
clean caught urine. Bagged samples or randomly collected samples
should be avoided. All urine samples are to be processed within an hour
of collection.”

Testing:

The SOP must include the procedures for performing any test that is
done in the lab. This includes a step-by-step description of how the tests
are performed and what the expected results are. The SOP should also
describe any quality control testing performed along with other tests.
Quality control testing is essential to ensure the validity of the results. An
example of this would be a description of the strep throat screen: "Insert
the sample swab into the test tube and add the reagents per the package
insert of the testing kit. Wait 5 minutes. Remove the swab while allowing
as much of the remaining solution to stay in the tube. Insert the testing
strip and wait 3 minutes. After 3 minutes, read the results. Make sure that
aresult was noted in the quality control strip. Results are unacceptable if
the quality control strip did not yield the expected results.”

Reporting:

Finally, the SOP must include the appropriate format of the final report
that is going to be sent out to the provider who ordered the test. The
report must include the testing results, normal (expected results), and
any interpretation of the results thatis necessary. If any of the test results
are deemed to be "critical," the SOP must address how those critical
results will be reported and to whom. For example, "All positive results on
a cerebrospinal fluid sample must be reported to the attending physician
or the physician on call immediately. Do not leave a message with
clerical staff and do not finalize the report until you note who received the
critical message and what time that message was delivered."
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Biosafety

Introduction

The purpose of this article is to be a resource for information, guidelines,
policies, and procedures that will enable and encourage those working in
the laboratory environment to work safely and reduce or eliminate the
potential for exposure to biological, chemical and radioactive materials
hazard. The goal of the laboratory safety is to minimize the risk of injury
and iliness to laboratory workers by ensuring they have the training,
information, support and equipment needed. The manual promotes safe
and practical laboratory procedures, included laboratory biosafety,
laboratory biosecurity, microbiological risk assessment, laboratory
biosafety levels, information on the use of personal protective
equipment, laboratory animal facilities, laboratories equipment,
laboratory techniques, hazard communication and packing of infectious
substances, biosafety and biotechnology, the proper use of disinfection
and sterilization, the use and storage of chemicals and radioactive
materials, biosafety officer and biosafety committee and the proper
methods of waste disposal. Finally, emphasis must be placed on the
practices and procedures used by trained laboratory staff. Since “no
biosafety cabinet or other facility or procedure alone guarantees safety
unless the users operate safe techniques based on informed
understanding.” It is the responsibility of everyone, including managers
and laboratory workers, to use the information available in these manual
and to perform their work in a safe and secure manner.

Laboratory Biosafety

'Laboratory biosafety' is the term used to describe the containment
principles, technologies and practices that are implemented to prevent
unintentional exposure to pathogens and toxins, or their accidental
release. A laboratory biosafety goal is to ensure that hazardous
materials will be handled and disposed of in such a way that people,
other living organisms, and the environment are protected from harm.
Safety awareness must be a part of everyone's habits, and can only be
achieved if all senior and responsible staff has a sincere, visible, and
continuing interest in preventing injuries and occupational illnesses.

Manual of Laboratory Safety

Laboratory facilities are designated as: Basic Biosafety Level 1 (BSL-1),
Basic Biosafety Level 2 (BSL-2), Containment Biosafety Level 3 (BSL-3)
and Maximum containment Biosafety Level 4 (BSL-4).

Biosafety Level1

Practices, safety equipment, and facility design and construction are
appropriate for undergraduate and secondary educational training and
teaching laboratories, and for other laboratories in which work is done
with defined and characterized strains of viable microorganisms not
known to consistently cause disease in healthy adult humans. Bacillus
subtilis, Naegleria gruberi, infectious canine hepatitis virus, and exempt
organisms. BSL-1 represents a basic level of containment that relies on
standard microbiological practices with no special primary or secondary
barriers recommended, other than a sink for handwashing.

Biosafety Level 2

Practices, equipment, and facility design and construction are applicable
to clinical, diagnostic, teaching, and other laboratories in which work is
done with the broad spectrum of indigenous moderate-risk agents that
are present in the community and associated with human disease of
varying severity. With good microbiological techniques, these agents
can be used safely in activities conducted on the open bench, provided
the potential for producing splashes or aerosols is low. Hepatitis B virus,
HIV, the Salmonella, and Toxoplasma are representative of
microorganisms to this containment level. BSL-2 is appropriate when

work is done with any human-derived blood, body fluids, tissues, or
primary human cell lines where the presence of an infectious agent may
be unknown. Primary hazards to personnel working with these agents
relate to accidental percutaneous or mucous membrane exposures, or
ingestion of infectious materials. Extreme caution should be taken with
contaminated needles or sharp instruments. Even though organisms
routinely manipulated at BSL-2 are not known to be transmissible by the
aerosol route, procedures with aerosol or high splash potential that may
increase the risk of such personnel exposure must be conducted in
primary containment equipment, or in devices such as a BSC or safety
centrifuge cups. Personal protective equipment should be used as
appropriate, such as splash shields, face protection, gowns, and gloves.
Secondary barriers, such as hand washing sinks and waste
decontamination facilities, must be available to reduce potential
environmental contamination.

Biosafety Level 3

Practices, safety equipment, and facility design and construction are
applicable to clinical, diagnostic, teaching, research, or production
facilities in which work is done with indigenous or exotic agents with a
potential for respiratory transmission, and which may cause serious and
potentially lethal infection. Mycobacterium tuberculosis, St. Louis
encephalitis virus, and Coxiella burnetii are representative of the
microorganisms assigned to this level. Primary hazards to personnel
working with these agents relate to autoinoculation, ingestion, and
exposure to infectious aerosols. At BSL-3, more emphasis is placed on:
Primary barriers to protect personnel in contiguous areas, the
community, and the environment from exposure to potentially infectious
aerosols. For example, all laboratory manipulations should be
performed in a BSC or other enclosed equipment, such as a gas-tight
aerosol generation chamber. Secondary barriers for this level include
controlled access to the laboratory and ventilation requirements that
minimize the release of infectious aerosols from the laboratory.
Biosafety Level 4

Practices, safety equipment, and facility design and construction are
applicable for work with dangerous and exotic agents that pose a high
individual risk of life-threatening disease, which may be transmitted via
the aerosol route and for which there is no available vaccine or therapy.
Agents with a close or identical antigenic relationship to BSL-4 agents
also should be handled at this level. When sufficient data are obtained,
work with these agents may continue at this level or at a lower level.
Viruses such as Marburg or Congo-Crimean hemorrhagic fever are
manipulated at BSL-4. Biosafety level designations are based on a
composite of the design features, construction, containment facilities,
equipment, practices and operational procedures required for working
with agents from the various risk groups. The primary hazards to
personnel working with BSL-4 agents are respiratory exposure to
infectious aerosols, mucous membrane or broken skin exposure to
infectious droplets, and autoinoculation. All manipulations of potentially
infectious diagnostic materials, isolates, and naturally or experimentally
infected animals, pose a high-risk of exposure and infection to laboratory
personnel, the community, and the environment. The assignment of an
agent to a biosafety level for laboratory work must be based on a risk
assessment. Such an assessment will take the risk group as well as
other factors into consideration in establishing the appropriate biosafety
level. For example, an agent that is assigned to Risk Group 2 may
generally require Biosafety Level 2 facilities, equipment, practices and
procedures for safe conduct of work. However, if particular experiments
require the generation of highconcentration aerosols, then Biosafety
Level 3 may be more appropriate to provide the necessary degree of
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safety, since it ensures superior containment of aerosols in the
laboratory workplace. The biosafety level assigned for the specific work
to be done is therefore driven by professional judgment based on a risk
assessment, rather than by automatic assignment of a laboratory
biosafety level according to the particular risk group designation of the
pathogenic agentto be used.

Classification of infective microorganisms by risk group:

Risk Group 1 (no or low individual and community risk): A
microorganism thatis unlikely to cause human or animal disease.

Risk Group 2 (moderate individual risk, low community risk): A
pathogen that can cause human or animal disease but is unlikely to be a
serious hazard to laboratory workers, the community, livestock or the
environment. Laboratory exposures may cause serious infection, but
effective treatment and preventive measures are available and the risk
of spread of infection is limited.

Risk Group 3 (high individual risk, low community risk): A pathogen
that usually causes serious human or animal disease but does not
ordinarily spread from one infected individual to another. Effective
treatmentand preventive measures are available.

Risk Group 4 (high individual and community risk): A pathogen that
usually causes serious human or animal disease and that can be readily
transmitted from one individual to another, directly or indirectly. Effective
treatment and preventive measures are not usually available. Effective
biosafety practices are the very foundation of “laboratory biosecurity”
activities. In the absence of careful implementation, various aspects of
biosafety may conflict with laboratory biosecurity. For example, controls
that reduce unauthorized access might also hinder an emergency
response by fire or rescue personnel. Mechanisms need to be
established that allow entry by emergency responders but ensure
uninterrupted and constant laboratory biosecurity, control and
accountability. Signage may also represent a potential conflict between
biosafety and laboratory biosecurity. In the past, biohazard signs placed
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on laboratory doors identified the biological agents present in the
laboratory. However, as a laboratory biosecurity measure to better
protection it is recommended certain information on biohazard signs to
the laboratory biosafety level, the name and telephone number of the
responsible investigator, and emergency contactinformation.

Microbiological risk-assessment

The backbone of the practice of biosafety is risk-assessment. While
there are many tools available to assist in the assessment of risk for a
given procedure or experiment, the most important component is
professional judgment. Risk assessments should be performed by the
individuals most familiar with the specific characteristics of the
organisms being considered for use, the equipment and procedures to
be employed, animal models that may be used, and the containment
equipment and facilities available. The laboratory director or principal
investigator is responsible for ensuring that adequate and timely risk
assessments are performed, and for working closely with the institution's
safety committee and biosafety personnel to ensure that appropriate
equipment and facilities are available to support the work being
considered. Once performed, risk assessments should be reviewed
routinely and revised when necessary, taking into consideration the
acquisition of new data having a bearing on the degree of risk and other
relevant new information from the scientific literature. One of the most
helpful tools available for performing a microbiological risk assessment
is the listing of risk groups for microbiological agents. However, simple
reference to the risk grouping for a particular agent is insufficient in the
conduct of a risk assessment. Other factors that should be considered,
as appropriate, include: (1) Pathogenicity of the agent and infectious
dose. (2) Natural route of infection. (3) Other routes of infection, resulting
from laboratory manipulations (parenteral, airborne, ingestion).
(4) Stability of the agentin the environment.
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Prevention of MRSA Infections

FAQs For the Workplace

Canyou get MRSA from someone at work?

MRSA is transmitted most frequently by direct skin-to-skin contact or
contact with shared items or surfaces that have come into contact with
someone else's infection (e.g., towels, used bandages).

MRSA skin infections can occur anywhere. However, some settings
have factors that make it easier for MRSA to be transmitted. These
factors, referred to as the 5 C's, are as follows: Crowding, frequent skin-
to-skin Contact, Compromised skin (i.e., cuts or abrasions),
Contaminated items and surfaces, and lack of Cleanliness. Locations
where the 5 C's are common include schools, dormitories, military
barracks, households, correctional facilities, and daycare centers.

Ifyou have MRSA, can you go to work?

Unless directed by a healthcare provider, workers with MRSA infections

should not be routinely excluded from going to work.

e Exclusion from work should be reserved for those with wound
drainage ("pus") that cannot be covered and contained with a clean,
dry bandage and for those who cannot maintain good hygiene
practices.

o Workers with active infections should be excluded from activities
where skin-to-skin contact with the affected skin area is likely to
occur until theirinfections are healed.

What should you do if you think you have a staph or MRSA
infection?

See your healthcare provider/ physician or surgeon and follow your
healthcare provider's advice about returning to work.

If you have staph, or a MRSA skin infection, what can you do to

preventthe spread of MRSA at work and at home?

You can prevent spreading staph or MRSA skin infections to others by

following these steps:

e Cover your wound. Keep areas of the skin affected by MRSA
covered. Keep wounds that are draining or have pus covered with
clean, dry bandages. Follow your healthcare provider's instructions
on proper care of the wound. Pus from infected wounds can contain
staph and MRSA, so keeping the infection covered will help prevent
the spread to others. Bandages or tape can be discarded with the
regulartrash.

e Clean your hands. You, your family, and others in close contact
should wash their hands frequently with soap and warm water or use
an alcohol-based hand sanitizer, especially after changing the
bandage or touching the infected wound.

¢ Do not share personal items. Avoid sharing personal items such
as uniforms, personal protective equipment, clothing, towels,
washcloths or razors that may have had contact with the infected
wound or bandage.

o Talkto yourdoctor. Tell any healthcare providers who treat you that
you have or had a staph or MRSA skin infection.

What should you do if you suspect that your uniform, clothing,

personal protective equipment or workstation have become

contaminated with MRSA?

e Wash uniforms, clothing, sheets and towels that become soiled with
water and laundry detergent. Drying clothes in a hot dryer, rather

than air-drying, also helps kill bacteria in clothes. Use a dryer to dry
clothes completely.

e (Cleaning contaminated equipment and surfaces with detergent-
based cleaners or Environmental Protection Agency (EPA)-
registered disinfectants is effective at removing MRSA from the
environment. Because cleaners and disinfectants can be irritating
and exposure has been associated with health problems such as
asthma, itis important to read the instruction labels on all cleaners to
make sure they are used safely and appropriately. Where
disinfection is concerned, more is not necessarily better.

What can employers do to prevent the spread of staph or MRSA at

the workplace?

e Place importance on worker safety and health protection in the
workplace

e Ensure the availability of adequate facilities and supplies that
encourage workers to practice good hygiene

e Ensure thatroutine housekeeping in the workplace is followed

e Ensure that contaminated equipment and surfaces are cleaned with
detergent-based cleaners or Environmental Protection Agency
(EPA)-registered disinfectants.

Other FAQs About MRSA

Transmission and Risk:

Who gets staph or MRSA infections?

Approximately 25% to 30% of the population is colonized (when bacteria
are present, but not causing an infection) in the nose with staph bacteria.
Staph infections, including MRSA, occur most frequently among
persons in hospitals and healthcare facilities (such as nursing homes
and dialysis centers) who have weakened immune systems. These
healthcare-associated staph infections include surgical wound
infections, urinary tract infections, bloodstream infections, and
pneumonia.

How common are staph and MRSA infections?

Staph bacteria are one of the most common causes of skin infection in
the developed countries and are a common cause of pneumonia,
surgical wound infections, and bloodstream infections. The majority of
MRSA infections occur among patients in hospitals or other healthcare
settings; however, it is becoming more common in the community
setting. Data from a prospective study in 2003, suggests that 12% of
clinical MRSA infections are community-associated, but this varies by
geographic region and population.

Signs and Symptoms:

What does a staph or MRSA infection look like?

Staph bacteria, including MRSA, can cause skin infections that may look
like a pimple or boil and can be red, swollen, painful, or have pus or other
drainage. More serious infections may cause pneumonia, bloodstream
infections, or surgical wound infections.

Staphylococcus aureus, often referred to simply as "staph," is a type of
bacteria commonly carried on the skin or in the nose of healthy people.
Sometimes, staph can cause an infection. Staph bacteria are one of the
most common causes of skin infections in the United States. Most of
these skin infections are minor (such as pustules and boils) and can be
treated without antibiotics. However, staph bacteria also can cause
serious infections (such as surgical wound infections, bacteremia /
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septicemia, and pneumonia).

Methicillin-resistant Staphylococcus aureus (MRSA) refers to types of
staph that are resistant to a type of antibiotic methicillin. MRSA is often
resistant to other antibiotics, as well. While 25% to 30% of the population
is colonized with staph (meaning that bacteria are present, but not
causing an infection with staph), approximately 1% is colonized with
MRSA.

Staph infections, including MRSA, occur most frequently among
persons in hospitals and healthcare facilities (such as nursing homes
and dialysis centers) who have weakened immune systems. These
healthcare-associated staph infections include surgical wound
infections, urinary tract infections, bacteremia / septicemia, and
pneumonia.

Staph and MRSA can also cause illness in persons outside of hospitals
and healthcare facilities. MRSA infections that are acquired by persons
who have not been recently (within the past year) hospitalized or had a
medical procedure (such as dialysis, surgery, catheters) are known as
community-associated MRSA infections. Staph or MRSA infections in
the community are usually manifested as skin infections that look like
pimples or boils and occur in otherwise healthy people.

Usual presentation of MRSA infections

Prevention:

How can| prevent staph or MRSA skin infections?

Practice good hygiene:

e Keep your hands clean by washing thoroughly with soap and water
orusing an alcohol-based hand sanitizer.

e Keep cuts and scrapes clean and covered with a bandage until
healed.

¢ Avoid contact with other people's wounds or bandages.

e Avoid sharing personal items such as uniforms and personal
protective equipment.

Treatment:

Are staph and MRSA infections treatable?

Yes. Many staph skin infections may be treated by draining the abscess
or boil and may not require antibiotics. Drainage of skin boils or
abscesses should only be done by a healthcare provider.

However, some staph and MRSAinfections are treated with antibiotics. If
you are given an antibiotic, take all of the doses, even if the infection is
getting better, unless your doctor tells you to stop taking it. Do not share
antibiotics with other people or save unfinished antibiotics to use at
anothertime.

If after visiting your healthcare provider the infection is not getting better
afterafew days, contact them again. If other people you know or live with
getthe same infection tell them to go to their healthcare provider.

Standard Precautions

1) Hand Hygiene

Perform hand hygiene after touching blood, body fluids, secretions,
excretions, and contaminated items, whether or not gloves are worn.
Perform hand hygiene immediately after gloves are removed, between
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patient contacts, and when otherwise indicated to avoid transfer of
microorganisms to other patients or environments. When hands are
visibly soiled with blood or other body fluids, wash hands with soap and
water. It may be necessary to perform hand hygiene between tasks and
procedures on the same patient to prevent cross-contamination of
different body sites.

2) Gloving

Wear gloves (clean non-sterile gloves are adequate) when it can be
reasonably anticipated that contact with blood or other potentially
infectious materials, mucous membranes, non intact skin, or potentially
contaminated intact skin (e.g., of a patient incontinent of stool or urine)
could occur. Remove gloves after contact with a patient and/or the
surrounding environment (including medical equipment) using proper
technique to prevent hand contamination. Do not wear the same pair of
gloves for the care of more than one patient. Do not wash gloves for the
purpose of reuse since this practice has been associated with
transmission of pathogens.

3) Mouth, nose, eye protection

Use PPE to protect the mucous membranes of the eyes, nose and mouth
during procedures and patient-care activities that are likely to generate
splashes or sprays of blood, body fluids, secretions and excretions.
Select masks, goggles, face shields, and combinations of each
according to the need anticipated by the task performed.

4) Gowning

Wear a gown, that is appropriate to the task, to protect skin and prevent
soiling or contamination of clothing during procedures and patient-care
activities when contact with blood, body fluids, secretions, or excretions
is anticipated.

5) Appropriate device handling of patient care equipment and
instruments/devices

Handle used patient-care equipment soiled with blood, body fluids,
secretions, and excretions in a manner that prevents skin and mucous
membrane exposures, contamination of clothing, and transfer of
microorganisms to other patients and environments. Ensure that
reusable equipment is not used for the care of another patient until it has
been appropriately cleaned and reprocessed and that single-use items
are properly discarded.

Clean and disinfect surfaces that are likely to be contaminated with
pathogens, including those that are in close proximity to the patient (e.g.,
bed rails, over bed tables) and frequently-touched surfaces in the patient
care environment (e.g., door knobs, surfaces in and surrounding toilets
in patients' rooms) on a more frequent schedule compared to that for
othersurfaces (e.g., horizontal surfaces in waiting rooms).

6) Appropriate handling of laundry
Handle, transport, and process used linen to avoid contamination of air,
surfaces and persons.

Contact Precautions

1) Patientplacement

In Patient placement in hospitals and LTCFs, When single-patient rooms
are available, assign priority for these rooms to patients with known or
suspected MRSA colonization or infection. Give highest priority to those
patients who have conditions that may facilitate transmission, e.g.,
uncontained secretions or excretions. When single-patient rooms are
not available, cohort patients with the same MRSA in the same room or
patient-care area. When cohorting patients with the same MRSA is not
possible, place MRSA patients in rooms with patients who are at low risk
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for acquisition of MRSA and associated adverse outcomes from
infection and are likely to have short lengths of stay. In general, in all
types of healthcare facilities it is best to place patients requiring Contact
Precautionsin a single patientroom.

2) Gloving

Wear gloves whenever touching the patient's intact skin or surfaces and
articles in close proximity to the patient (e.g., medical equipment, bed
rails). Don gloves upon entry into the room or cubicle.

3) Gowning

Don gown upon entry into the room or cubicle. Remove gown and
observe hand hygiene before leaving the patient-care environment.
After gown removal, ensure that clothing and skin do not contact
potentially contaminated environmental surfaces that could result in
possible transfer of microorganism to other patients or environmental
surfaces.

4) Patienttransport

In acute care hospitals and long-term care and other residential settings,
limit transport and movement of patients outside of the room to
medically-necessary purposes. When transport or movement in any
healthcare setting is necessary, ensure that infected or colonized areas
of the patient's body are contained and covered. Remove and dispose of
contaminated PPE and perform hand hygiene prior to transporting
patients on Contact Precautions. Don clean PPE to handle the patient at
the transport destination.
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5) Patient-care equipmentand instuments/devices

In acute care hospitals and long-term care and other residential settings,
use disposable noncritical patient-care equipment (e.g., blood pressure
cuffs) orimplement patient-dedicated use of such equipment. If common
use of equipment for multiple patients is unavoidable, clean and disinfect
such equipment before use on another patient. In home care settings
limit the amount of non-disposable patient-care equipment brought into
the home of patients on Contact Precautions. Whenever possible, leave
patient-care equipment in the home until discharge from home care
services. If noncritical patient-care equipment (e.g., stethoscope)
cannot remain in the home, clean and disinfect items before taking them
from the home using a low - to intermediate-level disinfectant.
Alternatively, place contaminated reusable items in a plastic bag for
transport.

6) Environmental measures

Ensure that rooms of patients on Contact Precautions are prioritized for
frequent cleaning and disinfection (e.g., at least daily) with a focus on
frequently-touched surfaces (e.g., bed rails, overbed table, bedside
commode, lavatory surfaces in patient bathrooms, doorknobs) and
equipmentin theimmediate vicinity of the patient.

7) Discontinuation of Contact Precautions

No recommendation can be made regarding when to discontinue
Contact Precautions.
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Universal Guidelines in an Influenza like illness
Pandemic Scenario (like covid 19)

General Guidance

This guidance is to address the general workflow safety concerns of

laboratory personnel during the COVID-19 pandemic. All laboratories

should perform site- and activity-specific risk assessments to determine

the most appropriate safety measures to implement for particular

circumstances. In addition, facilities should adhere to local policies and

procedures as well as all applicable federal, state, and local regulations

and public health guidelines.

Risk assessments should include the following considerations:

® Analyze the number of people that the laboratory space can
realistically and safely accommodate while maintaining

® Assess the flow of personnel traffic. Where possible, design one-
way paths for staff to walk through the laboratory space.

® Assess procedures for cleaning and sanitizing commonly shared
equipment and areas—for example, counters, benchtops, and
desks—to ensure clean surfaces and equipment for all users.

® Review emergency communication and operational plans, including
how to protect staff at higher risk for severe iliness from COVID-19.

Every institution should have a COVID-19 health and safety plan to

protect employees. This plan should be shared with all staff. Ideally, this

planwould:

® |nstruct sick employees to stay home and not return to work until the
criteria to discontinue home isolation are met, in consultation with
healthcare providers and state and local health departments.

® Provide information on whom employees should contact if they
become sick.

® Implement flexible sick leave and supportive policies and practices.
If sick leave is not offered to some or all employees, the institution
should considerimplementing emergency sick leave policies.

® Designate someone to be responsible for responding to employees'
COVID-19 concerns. Employees should know who this person is
and how to contact this person at all times.

® Provide employees with accurate information about COVID-19, how
it spreads, and the risk of exposure.

® Reinforce training on proper handwashing practices and other
routine infection control precautions to help prevent the spread of
many diseases, including COVID-19.

Ensure that employees have access to personal protective equipment

(PPE); disinfectant products that meet EPA's criteria for use against

SARS-CoV-2 external icon; and soap, clean running water, and drying

materials for handwashing, or alcohol-based hand sanitizers that

contain atleast 60% ethanol or 70% isopropanol.

Social Distancing

To the extent possible, adhere to social distancing recommendations by
adjusting staff schedules, adding additional shifts, or implementing non-
overlapping teams to minimize personnel contact. Identify laboratory
tasks and activities that can be performed with reduced or no face-to-
face interactions. Examples include limiting the number of laboratory
meetings that occur and, when possible, using remote collaboration
tools (such as video and phone conferencing), even for those who work
in the same location or building. To the extent possible, reconfigure
workspaces and locations of shared equipment to reduce crowding.
Create one-directional paths and workflows. Declutter workspaces and
dispose of unnecessary items to help with reconfiguration. If
reconfiguration is not possible, consider placing barriers (plexiglass,
partition, plastic, etc.) between computer workstations, desks, or

equipment that position staff six feet apart from each other. Minimize
personnel traffic and interactions by limiting visits from vendors and
other external partners; engage with them virtually whenever possible.

Face Coverings
To help slow the spread of COVID-19, CDC recommends wearing face
coverings in settings where social distancing measures are challenging
to maintain, like office spaces, computer workstations, and break rooms.
In general, laboratory employees should wear a face covering in
laboratory spaces that do not have requirements for respiratory PPE and
where other social distancing measures are difficult to maintain. Any
face covering thatis worn inside a laboratory area where personnel work
with potentially infectious material should subsequently not be worn
outside of that laboratory area. Laboratory PPE are critical supplies, and
employees should refrain from removing them from the laboratory for
general use. Site- and activity-specific risk assessments, as well as
available resources, should determine where specific facial protection,
such as disposable masks, should be used.
These face coverings should not be used in place of recommended
personal protective equipment (PPE).
® Face coverings are notintended to protect those who wear them and
are not considered PPE.
® All staff should follow established PPE requirements for working in
laboratory spaces.
Wash hands before putting on face coverings and minimize the removal
while in the laboratory. The guidance below describes how to remove a
face covering and replace it with a clean face covering:
® Take off the face covering carefully.
® Be careful not to touch eyes, nose, or mouth when removing a face
covering.
@ Untie the strings behind the head or stretch the ear loops.
® Handle only by the earloops or ties.
® Place reusable cloth face coverings in a bag and close the bag until it
can be washed.
1. Cloth face coverings should be washed frequently.
2. Staff are responsible for maintaining and cleaning their cloth
face coverings.
® Wash handsimmediately after removing.
Depending on the facility's design or configuration, additional physical
barriers, such as a face shield, plexiglass, partition, or plastic barriers,
may be needed to achieve social distancing goals.

Personal Hygiene and Disinfection

As more workers return to the laboratory, extra measures may be
needed to ensure a clean and appropriate environment. Reevaluate
current protocols for cleaning, use of PPE, and handwashing. High-
touch locations and equipment with a high frequency of handling and
contact present a higher probability of contamination in the work area
and should be disinfected frequently. Increasing the number of available
cleaning supplies and distributing them throughout the laboratory can
encourage staff to more frequently clean surfaces and equipment. Use
visual reminders, such as posters displayed throughout the laboratory
environment, common areas, and restrooms, to emphasize the
importance of hand hygiene and to encourage frequent handwashing.
Hands should be washed regularly with soap and water for at least 20
seconds. An alcohol-based hand sanitizer containing at least 60%
ethanol or 70% isopropanol can be used when soap and water are not
available.
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Universal Work Precautions (UWP) for Lab Personnel
(Especially in relation to HIV transmission)

Health care personnel (HCP) can acquire certain ilinesses beyond those
acquired by all others who live and work in our society, by virtue of their
profession. HCPs are at risk of acquiring any of the whole gamut of
infections from patients/ specimens, which may be viral, bacterial,
parasitic or fungal.

However this risk due to occupational exposure can be minimized if not
obliterated altogether, if we follow universal work precautions. Today
with WHO estimates of above 4 million HIV positive persons in India,
there is an urgent need to review UWP. Besides HIV, there is the very real
danger of acquiring Hepatitis B and Hepatitis C in exactly the same way
as HIV and could also be fatal. Hepatitis B is 100 times more infectious
than HIV. Besides Hepatitis B is also far more prevalent in India in
comparison to HIV with estimated carriers being between 30 and 40
million, a considerable number being infectious. However fortunately
effective vaccination is available for Hepatitis B therefore it is strongly
recommended for all levels of health care workers. Much of the
contamination in the laboratory occurs as a result of penetrating injuries
caused by sharp objects and the spilling and splashing of specimen
material