A Newsletter from
BD Diagnostics —
Preanalytical Systems

At BD, We Understand

It's Not
Just a Test,
It's a Patient...

Meeting New
Challenges and Setting
New Standards

BD works in collaboration
with healthcare professionals,
industry partners, and
opinion leaders to maintain
uncompromising standards of
quality, integrity, and safety.

As the field of diagnostic
testing continues to present
complex and developing
phenomena, BD is assuming

a leadership role in the
diagnostic industry to ensure
the highest level of excellence
for our products, services

and programs.

Since 1943, the BD Diagnostics-
Preanalytical Systems’ tradition
of innovation, customer

focus, and putting both

the healthcare worker and
patient first has helped us

to transform emerging
challenges into opportunities
for even greater accuracy

and product dependability.
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Abstract: There are
many factors that
contribute to accurate
test results in the
chemistry laboratory.
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These factors can be 3 T,eatmem
broken down into three ‘

areas: preanalytical, analytical

and post analytical. Preanalytical has

variables account for 32-75% of
laboratory errors, and encompass

the time from when the test is ordered by
the physician until the sample is ready for analysis." The focus of this article will be
preanalytical variables that can occur during a venipuncture and specimen processing
and how they relate to testing in the clinical chemistry laboratory.

\ Reporting of Results /\

Scenario: A patient has been in the cardiac intensive care unit for 3 days. For the past

2 mornings, be bas had his cardiac enzymes drawn into a BD SST™ tube to monitor bis
condition since bis beart attack. On this particular morning, bis tube of blood is drawn
and sent to the clinical chemistry lab for analysis. However, when the tube is processed
and ready for analysis, the technologist running the chemistry analyzer notices that the
specimen is very gelatinous and will need to be re-processed before the sample can be run
on the analyzer. What could have happened to the quality of this specimen?

There are many variables that can contribute Following the above BD SST™ tube from
to the quality of a chemistry specimen. time of collection until it is ready for
This article will investigate the variables
that may have contributed to the gelatinous can contribute to the quality of the

sample are as follows:

analysis, the preanalytical variables that

specimen in the case of the cardiac patient,

as well as the other variables that are Patient Identification: It is important to

important to specimen quality. The focus identify a patient properly so that blood

will be on the preanalytical phase of the
blood collection and sample handling, up
until the time that the sample is to be run
on the chemistry instrument.

is being collected from the correct person.
Drawing blood from the wrong person,
or labeling the correct patient’s sample

continued on page 2

This publication is a service to the customers and friends of BD, and is designed only to provide general
information. It is not intended to be comprehensive or provide any legal or medical advice.




continued from page 1

with a different patient’s label can certainly
contribute to laboratory error. Perhaps in
the opening scenario, the patient in the
next bed, with an extremely prolonged
clotting time, was drawn and labeled as
the cardiac patient.

When identifying the patient, have

them provide their full name, address,
identification number and/or date of birth.?
Hospital inpatients should be wearing an
identification band with the above infor-
mation, which the phlebotomist should
confirm before the venipuncture. Blood
should not be drawn from a patient with-
out a band. A nurse, physician, relative or
guardian should identify patients that are
unable to speak or identify themselves.

Patient Preparation: Prior to collecting
specimens for chemistry, certain patient
variables need to be considered. For certain
chemistry analytes, such as glucose and
cholesterol, patients need to be fasting
(absence of food and liquids) for at least
12 hours prior to venipuncture. Other
analytes, such as cortisol and adrenocor-
ticotropin, have diurnal variations, where
the analyte is at its highest level in the
morning, and the levels gradually decrease
during the course of the day.

Selecting the Site: Selecting the appropriate
site for venipuncture can contribute to a
better quality sample. The preferred site is
the median cubital vein. This vein is usually
the easiest to access. Generally, there is less
need to probe to find the vein, which in
turn should cause less trauma during the
venipuncture. This will usually be the most
comfortable for the patient. If the median
cubital vein cannot be used, the next
choice would be the cephalic vein. The last
vein to consider for venipuncture is the
basilic vein. This vein is in close proximity
to the median nerve and brachial artery,
and extreme caution must be used so that
only the basilic vein is being punctured.

Site Preparation: Prior to venipuncture,
the site should be cleansed with alcohol.
Cleansing starts at the center of the vein,
and should continue outward in concentric
circles. Before performing the venipuncture,
the alcohol should be allowed to air dry.
This will help to ensure that the specimen
is not contaminated with alcohol, as

this can lead to hemolysis. Hemolysis

can result in the spurious elevation

of such analytes as potassium, lactate

continued on page 3

Introducing the...
BD Instrument Company Liaison Initiative

Navigating today’s complex clinical landscape by
Fostering an Even Higher Level of Communication
with Our Instrument Company Partners

In helping you to navigate today’s complex clinical landscape, BD has
formed a cross-functional Instrument Company Liaison (ICL) Team,
whose focus is to establish and foster instrument company
collaborations and programs on all key functional levels. The ICL Team
is comprised of Key Account Managers, PhD Clinical Scientists,
dedicated Marketing Professionals, and Project Engineers.

Key capabilities include:

% Establishing and fostering collaborative development initiatives
between BD and Instrument Companies

% Driving resolution of system-related issues and opportunities
through dialogue and decision

% Serving as the voice of the customer and marketing
bi-directionally to BD and Instrument Companies

% Conducting market sensing and monitoring
activities and sharing results

% Communicating and supporting the
value and brand of both BD and
Instrument Companies

Working relationships between BD and
the instrument companies will continue to
benefit laboratories — as they have done
most recently in identifying the root cause
of immunoassay interference — by creating
practical solutions to ensure quality, accuracy,
and consistency in diagnostic testing.

2 www.bd.com/vacutainer



continued from page 2

dehydrogenase (LD), iron and magnesium
in the chemistry lab. Allowing the alcohol
to dry completely will also cause less
burning and pain to the patient.

Tourniquet Application and Time:

The tourniquet should be applied
approximately three to four inches above
the venipuncture site. The tourniquet
should be on the arm no longer than one
minute.? A good rule of thumb to deter-
mine the one-minute tourniquet time is to
remove the tourniquet when blood starts
to flow into the first tube of blood being
drawn. Prolonged tourniquet time can lead
to an increase in various chemistry analytes,
including serum protein, potassium and
lactic acid due to hemoconcentration of
blood at the puncture site.

Proper Venipuncture Technique: During
phlebotomy, avoid probing to find the vein
and achieve blood flow. Excessive probing
and/or “fishing” to find a vein can result in
a poor quality sample, including hemolysis.
As mentioned previously, hemolysis can
affect several chemistry analaytes.

Order of Draw: Following the correct
order of draw during venipuncture will
help to ensure accurate test results.

The BD and CLSI (Clinical and Laboratory

Order of Draw for
Multiple Tube Collections

Reflects change in NCCLS recommended
Order of Draw (NCCLS H3-A5, Vol 23, No 32, 8.10.2)

Mix by

Collection Tube Inverting

Closure Color

BD Vacutainer® Blood Collection Tubes (glass or plastic)

Standards Institute, formerly NCCLS)
recommended order of draw for evacuated
blood collection tubes is as follows:?

An example of improper order of draw
that can lead to an incorrect chemistry
result is drawing an EDTA tube prior

to an BD SST™ or heparin tube for
chemistry testing. The potential cross
contamination of K, or K, EDTA on

the needle from the lavender top tube to
the chemistry tube can lead to an elevated
potassium result. This in turn can require
a recollection of the sample, or possible
misdiagnosis or treatment of the patient.

All tubes with additives
need to be inverted to

mix the additive evenly
with the blood.

o Blood Cultures - SPS 8 to 10 times
o Citrate Tube* 3 to 4 times
5 times

or.  BD Vacutainer® SST™
Gel Separator Tube

o Serum Tube (glass 5 times (plastic)

- or plastic) none (glass)
- * Heparin Tube 8 to 10 times
or o BD Vacutainer® PST™ 8 to 10 times
i Gel Separator Tube
With Heparin
.or o EDTA Tube 8 to 10 times
o Fluoride (glucose) 8 to 10 times

Tube

*When using a winged blood collection set for venipuncture and a
coagulation (citrate) tube is the first specimen tube to be drawn, a dis-
card tube should be drawn first. The discard tube must be used to fill the
blood collection set tubing’s “dead space” with blood but the discard
tube does not need to be completely filled. This important step will
ensure maintenance of the proper blood-to-additive ratio of the blood
specimen. The discard tube should be a nonadditive or coagulation tube.

NOTE: Always follow your facility’s protocol for order of draw

Proper Tube Mixing: All tubes with
additives need to be inverted to mix the
additive evenly with the blood. Plastic
serum tubes and BD SST™ tubes contain
clot activator and should be inverted

5 times to mix the activator with the
blood and help the specimen clot
completely. In the opening case study,
improper mixing of the tube after
venipuncture could have contributed

to the gelatinous serum sample that was
seen in the laboratory. Other additive
tubes, such as heparin, need to be inverted
8-10 times to mix the anticoagulant with
the blood and prevent clotting. Be sure
that tubes are not being shaken vigorously,
as this can lead to a hemolyzed sample.

Correct Specimen Volume: All blood
collection tubes need to be filled to

the correct volume.? This will ensure the
proper amount of blood for the amount
of additive in the tube (blood to additive
ratio). For example, if a 5§ mL draw
heparin tube is only filled with 3 mL of
blood, the heparin concentration is
erroneously high and may potentially
interfere with some chemistry analytes.
Expiration dates should also be checked
on the evacuated tubes.* Expired tubes
should not be used, as they may have a
decreased vacuum, as well as potential
changes in any additives in the tubes.
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Proper Tube Handling and Specimen
Processing: Once the blood collection tubes
have been drawn in the correct order, to the
proper fill volume and mixed thoroughly,
the next step toward accurate test results is
processing the tubes properly. This section
will look at serum and plasma tubes sepa-
rately, as both specimen types have their
own special handling requirements.

Serum Samples

Serum specimens, namely red top tubes
and BD SST™ gel tubes, need to clot
completely prior to centrifugation and
processing. Blood specimens in red top
tubes should clot for 45 to 60 minutes, and
those in BD SST™ tubes should be allowed
to clot for 30 minutes to ensure complete

www.bd.com/vacutainer



clot formation.* Blood from patients who
are receiving anticoagulant therapy, such
as heparin or coumadin, may take longer
to clot. Tubes should be allowed to clot at
room temperature, upright in a test tube
rack, with the closures on the tubes. In the
gelatinous sample that was presented at the
beginning of this article, perhaps the blood
was not clotted completely prior to centrif-
ugation because a cardiac patient is often
heparanized. Spinning the tube too soon
may result in a gelatinous and/or fibrinous
serum sample that will require respinning.

Plasma Samples

Blood specimens collected in plasma tubes,
such as the plain heparinized green top

tubes and the BD PST™ tubes with heparin
and gel do not require clotting prior to
centrifugation. This allows the tube of
blood to be drawn, mixed and centrifuged
immediately, resulting in a quicker turn-
around-time for test results.

Centrifugation: The next step in sample
processing is the centrifugation of the
blood collection tubes. Both BD SST™ and
BD PST™ tubes are centrifuged at the same
speed and for the same amount of time.
In a swinging bucket centrifuge (preferred
type of spin for gel separation tubes),

the tubes should be spun for ten minutes
at a speed of 1100 to 1300 relative
centrifugal force (RCF). A fifteen-minute
spin at the same speed is required for
spinning tubes in a fixed- angle centrifuge.
Serum and plasma tubes without gel

can be spun at a speed of 1000 RCF

for ten minutes.*

It is important to spin gel tubes for the
recommended time. The gel barrier in

the tubes needs time to move and form

a solid barrier between the red cells and
the serum or plasma. Also, in BD PST™
tubes, the white blood cells and platelets
that remain in the plasma need adequate
time to spin out of the plasma. If the

BD PST™ tubes are spun for less than

the recommended 10 minutes, these cells
and platelets may remain in the plasma
and could cause interference with some
chemistry analytes. It is recommended that
BD SST™ tubes should not be re-centri-
fuged after their initial centrifugation.
Re-spinning the tubes can result in elevated
potassium values, as excess serum that has
been in contact with the red cells will be
expressed from underneath the gel barrier.

Special Handling of Blood Specimens:

Certain chemistry analytes will require
the tube of blood to be chilled after

At BD,
we understand...

It's Not Just a Test,
It's a Patient

collection in order to maintain the stability
of the analyte. A slurry of ice and water
is recommended for chilling the tubes of

blood. Examples of specimens that need
to be chilled or transported on ice include
adrenocorticotropic hormone (ACTH),
angiotensin converting enzyme (ACE),
acetone, ammonia, catecholamines, free
fatty acids, lactic acid, pyruvate and renin.

Other anayltes are photo-sensitive, and
need to be protected from light in order
to remain stable and to ensure that the
laboratory reports an accurate result.
This can be done by wrapping the tube
of blood in aluminum foil. The most
common example of a light-sensitive
analyte is bilirubin. Other chemistry
analytes that need to be light-protected
include beta-carotene and erythrocyte
protoporphyrin.

Stability for Whole Blood, Serum

and Plasma: A whole blood specimen
that is going to be spun down should be
centrifuged and the serum or plasma
removed from the red blood cells within
two hours after the venipuncture.® Once
the serum has been removed or separated
from the red blood cells (in the case of

a gel barrier tube), the sample will be
stable at room temperature for eight
hours, and up to 48 hours at 2-4 degrees
C.? After 48 hours, the serum specimen
should be frozen at —20 degrees C in an
aliquot tube.’

Paying close attention to the preanalytical
variables associated with blood collection
will help to ensure accurate test results in
the chemistry department, as well as all
areas of the clinical laboratory. As was
evident from the opening case study, there
are often several variables that can
potentially contribute to erroneous test
results. Our cardiac patient’s blood could
have been drawn from the wrong patient,
had improper tube handling or his blood
may have not clotted long enough.
Therefore, it is important to remember
that a better quality sample during the
preanalytical phase of blood collection
will yield a better test result.
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BD Quality Management Initiative

Navigating today’s complex clinical landscape by
Ensuring the Highest Level of Excellence
for Our Products, Services, and Programs

BD works relentlessly for quality in everything we do. We incorporate quality
practices in the engineering and manufacturing of our products to ensure our
customers the highest level of quality available today for diagnostic testing.
We also apply the same rigorous practices to our customer service and
professional support programs.

Utilizing Six Sigma methodology, we strive for perfection and excellence.

Six Sigma is a disciplined, data-driven approach for eliminating errors and
defects in the production and delivery of goods and services. Using the Six Sigma
measurement-based strategy helps us to achieve our two main objectives for
making quality happen — process improvement and variation reduction.

In addition to the Manufacturing for Six Sigma and Design for Six Sigma
methodologies, BD utilizes other processes for planning, directing,
measuring, and controlling quality; they include:

% Robust Design Controls
% Process Validation
% Critical Parameter Management

% Control Plan Management

Our quality commitment, however, goes
even further. BD practices the Lean Daily
Management System and Supplier
Management to maintain high standards
and performance controls for our
products. And through our continuous
improvement initiatives, BD steadfastly
monitors and measures quality
every step of the way. We discover
opportunities for further improvement,
and determine ways to reduce or elim-
inate the potential for error.

In complement to our Continuous
Quality Improvement, BD has developed
a Customer Advisory Board and the
BD Instrument Company Liaison Team to
actively identify and understand challenges
in diagnostic testing and develop practical
solutions to continuously ensure quality,
accuracy, and consistency.

The Story of the
Chambered Nautilus

The rare and remarkable
chambered nautilus has long
captivated scientists,
mathematicians, and poets.
Reproducing itself in perfect
symmetry and accuracy, the
nautilus depends on each
component to complement
its self-contained system.
Yet, it remains open-ended
for perpetual evolution

and change.

The Vacutainer® Brand and
Trademark

A trademark is any word (Poison), name
(Giorgio Armani), symbol or device
(Pillsbury Doughboy), slogan (Got Milk?),
package design (Coca-Cola bottle) or
combination of these that serves to
identify and distinguish a specific product
from others in the marketplace or in trade.

Source:
International Trademark Association, New York, NY
www.inta.org

Trademarks were developed to protect the
consumer from confusion as to the source
of products and services available in the
marketplace. Trademarks identify and
distinguish the source of goods or services
of one party from those of another.
Trademarks, otherwise known as brands,
are intellectual property and are part of
the assets or “good will” of a company.

On LabNotes, and many other pieces of
information you receive from BD and

on our website, you see the Vacutainer®
Brand represented with the registered
trademark symbol ®. Vacutainer is a
registered trademark of Becton, Dickinson
and Company. This brand name is officially

a newsletter from BD Diagnostics—Preanalytical Systems, Volume 15, No.1 2005

registered with the US Trademark authority §
and other local trade authorities worldwide, §
and is legally owned by BD. 2
—
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fascinating industry workshops at

ecc/aacc 2005

Annual Meeting:

“From the Vein to the Analyzer: “A Lean Six Sigma Workshop:
Sample Handling Impact” Streamlining Your Lab Operations

Delivered jointly by representatives to Deliver Safer and More

of both BD and Beckman Coulter Cost-Effective Results”
Tuesday, July 26, 2005 Wednesday, July 27, 2005

7:00 am 7:00 am ¢ BD
Florida Ballroom Il ¢ Peabody Hotel Florida Ballroom Il ¢ Peabody Hotel
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