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Preface

The Institute of Medicine in the United States has
recently organized a committee, of which I am a mem-
ber, on diagnostic error in health care. It has become
clear that major contributors to diagnostic mistakes
include the incorrect selection of laboratory tests and
the misinterpretation of laboratory test results. As the
clinical laboratory test menu has greatly expanded in
the past decade in size, complexity, and cost, the chal-
lenge of ordering the right tests, and only the right
tests, and correctly interpreting complex test results,
has become a significant challenge for most health care
providers for a larger and larger percentage of their
patients.

The idea to produce books describing medical
errors related to inappropriate selection of laboratory
tests and misinterpretation of laboratory test results
first emerged in a discussion in a restaurantin Chicago.
The first challenge was to determine whose medical
errors would be reported. Would this be a compilation
of medical errors reported in the literature, personally
observed medical errors in the experience of an author,
or admissions of unpublished mistakes by medi-
cal colleagues? Ultimately, it was decided to invite
established experts in the different areas of laboratory
medicine to become authors who could bring forward
errors that they had read about, personally encoun-
tered, or learned from discussions with clinical and
laboratory colleagues. The goal for each author was to
identify and describe the most common mistakes in his
or her specialty area of laboratory medicine, and then
use those mistakes to create a set of “standards of care”
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that would lead to a reduction in the frequency of
those errors. Six separate books were produced in the
series, and they describe errors in laboratory testing
for coagulation, transfusion medicine, clinical chem-
istry, clinical microbiology, hematology and immu-
nology, and the often overlooked area of laboratory
management. The organization of each book is similar.
A major group of diagnostic errors associated with the
clinical laboratory (such as those in which an abscess
is mistakenly concluded to be a malignancy because
of findings in the microbiology laboratory) is intro-
duced with a brief background on that group of medi-
cal errors, followed by an actual case to illustrate this
error, then a short statement that describes the clinical
pitfall, and finally a list of standards of care related to,
in this example, appropriate testing to minimize the
number of cases mistakenly identified as abscesses
that are, in fact, malignancies. After production of the
last of the six books, it was recognized that removal
of the case examples would allow all six books to be
combined into the one clinically valuable book which
follows this preface.

Itis with great hope that this book, which identifies
medical errors associated with laboratory testing, will
be useful in the education of medical students, interns
and residents in all medical fields, clinical labora-
tory technologists, and practicing physicians—so that
they may learn from the mistakes of others and not
make new mistakes of their own. If the specific errors
described in this book were all reduced in frequency
by more than 90%, there would be a tremendous
improvement in patient outcome and a substantial
reduction in the cost of health care.

Michael Laposata, MD, PhD



CHAPTER 1
Transfusion Medicine

QUENTIN G. EICHBAUM
GARRETT S. BOOTH
PAMPEE P. YOUNG

PRODUCT-RELATED ERRORS

INAPPROPRIATE USE OF FRESH FROZEN
PLASMA TO CORRECT MILDLY ELEVATED
PROTHROMBIN TIME

In patients scheduled for minimally invasive surgical
procedures, whose prothrombin time (PT) or interna-
tional normalized ratio (INR) is only slightly elevated,
the concern for significant bleeding may be unwar-
ranted, and there is generally no need to transfuse
fresh frozen plasma (FFP) to replenish coagulation fac-
tors. When the PT/INR is only mildly elevated, infu-
sion of FEP to replenish coagulation factors will have
little impact on further lowering the PT/INR, due to
the physiologic reserve of these coagulation factors.

Patients may be unnecessarily transfused with FFP
in an attempt to decrease a slightly elevated PT/INR
back into the normal range. Such transfusion of FFP may,
moreover, have the unwanted consequence of precipitat-
ing an adverse event in the form of a transfusion reaction.
Potential adverse events to transfusion of FFP include
volume overload, allergic reactions, transfusion-related
lung injury, and transmission of infectious agents.




Clinical Pitfall

Failure to recognize that coagulation screening tests can
be poor predictors of bleeding and that use of FFP to lower
a minimally elevated PT into the normal range may be
counterproductive.

STANDARDS OF CARE

Coagulation screening test results should not be too
conservatively interpreted, but should be assessed
in the setting of the hemostatic defect, the patient’s
underlying condition, the procedure to be per-
formed, and the likelihood of bleeding.

A slightly elevated PT/INR (12-17 seconds; INR
1.0-17) is usually not a cause for concern in a
patient undergoing a minimally invasive or bed-
side procedure, who is not bleeding, and who has
no history of excess bleeding or bruising.

INAPPROPRIATE USE OF FFP FOR VOLUME
EXPANSION

Plasma is used primarily for the purpose of preventing
bleeding and to treat hemorrhage in patients with
acquired or congenital coagulation defects. Besides
FFP, other plasma products are also available, includ-
ing plasma frozen within 24 hours of phlebotomy
(FP24), which is often used interchangeably with FFP;
thawed plasma (derived from FFP or FP24 that has
been thawed and keptat 1°C~6°C and can be stored for
up to five days); and cryoprecipitate-reduced plasma
that consists of the Supernatant that is removed when
cryoprecipitate is made from FFP.

Appropriate indications for the use of plasma
products include coagulation factor replacement in
congenital factor defects where factor concentrates are
unavailable, massive transfusion, plasma exchange
transfusions, reversal of warfarin anticoagulation
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Clinical Pitfall

Failure to recognize that coagulation screening tests can
be poor predictors of bleeding and that use of FEP to lower
a minimally elevated PT into the normal range may be
counterprodicctive.

STANDARDS OF CARE

Coagulation screening test results should not be too
conservatively interpreted, but should be assessed
in the setting of the hemostatic defect, the patient’s
underlying condition, the procedure to be per-
formed, and the likelihood of bleeding.

A slightly elevated PT/INR (12-17 seconds; INR
1.0-1.7) is usually not a cause for concern in a
patient undergoing a minimally invasive or bed-
side procedure, who is not bleeding, and who has
no history of excess bleeding or bruising.

INAPPROPRIATE USE OF FFP FOR VOLUME
EXPANSION

Plasma is used primarily for the purpose of preventing
bleeding and to treat hemorrhage in patients with
acquired or congenital coagulation defects. Besides
FEP, other plasma products are also available, includ-
ing plasma frozen within 24 hours of phlebotomy
(FP24), which is often used interchangeably with FFP;
thawed plasma (derived from FEP or FP24 that has
been thawed and kept at 1°C~6°C and can be stored for
up to five days); and cryoprecipitate-reduced plasma
that consists of the supernatant that is removed when
cryopredipitate is made from FEP,

Appropriate indications for the use of plasma
products include coagulation factor replacement in
congenital factor defects where factor concentrates are
unavailable, massive transfusion, plasma exchange
transfusions, reversal of warfarin anticoagulation
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in the setting of severe bleeding, and treatment of
disseminated intravascular coagulation. Plasma prod-
ucts should not be used for volume expansion, as a
source of nutrients, to treat immunodeficiency, or to
promote wound healing. As with other blood prod-
ucts, administration of plasma products may be associ-
ated with adverse reactions, so nonmedically indicated
usage should be carefully avoided.

Clinical Pitfall

Failure fo understand the appropriate clinical usage of
plasma products.

STANDARDS OF CARE

Volume depletion should generally be treated with
normal saline or crystalloid, and not with plasma or
other blood produets.

Plasma products should be used to prevent bleed-
ing or to/treat acquired and congenital coagulation
defects.

INAPPROPRIATE USE OF Rh IMMUNE GLOBULIN
IN PREGNANCY

The use of pooled, human-derived immunoglobulins
directed against the RhD antigen (Rh immune globulin
[RhIG]) is a success story of modern immunohematol-
ogy and ebstetrics. Prior to the 1970s, hemolytic disease
of the fetus and newborn (HDEN) was a common clini-
cal problem, with considerable neonatal morbidity and
mortality. Previous treatments, including exchange
transfusions and phototherapy, were both risky and
financially cumbersome. With the advent of routine
prophylactic administration of RhIG at 28 to 30 weeks
gestation, and again at the conclusion of pregnancy,
alloimmunization to RhD decreased by 90%, as did the
incidence of HDEN.
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Clinical Pitfall
Eailure to recognize the appropriate use of RhIG.

STANDARDS OF CARE

Both American Association of Blood Banks (AABB)
and American Congress of Obstetricians and
Gynecologists (ACOG) recommend routine ABO/Rh
typing of pregnant females, with additional interven-
tion at 28 to 30 weeks for those patients who type as
Rh-negative and with a negative antibody screen.
Additional RhIG should be administered at the
time of delivery, or in cases where the fetal-
maternal blood barrier has been disrupted
(ie, amniocentesis).

RhIG—INADEQUATE DOSING

Pregnant Rh-negative females, carrying an Rh-positive
baby, who experience a fetomaternal hemorrhage
(EMH) of even just a few milliliters of blood, are at
increased risk for alloimmunization to the RhD anti-
gen unless they receive an adequate dose of RhIG. The
volume of blood causing anti-D alloimmunization
varies among patients and appears to be related to
factors such as the immunologic responsiveness of the
mother and the iImmunogenicity of the Rh-positive
red blood cells (RBCs). The rosette test serves as the
initial screen for the presence of FMH., The volume
of FMH (percentage of fetal red cells in the maternal
circulation) is then determined by the Kleihauer—
Betke test (an acid elution test) or, more precisely and
reliably, by flow cytometry. Combinations of these
tests can also be used to identify and quantify such
hemorrhage.

RhIG provides prophylaxis to prevent alloimmun-
1zation to the RhD blood group antigen in Rh-negative
patients exposed to Rh-positive RBCs during trans-
fusion, placental bleeding, or pregnancy. The mecha-
nism of action of RhIG remains unclear, but the correct
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level of dosing has been empirically determined and is
important to prevent alloimmunization.

The appropriate dose of RhIG is determined by
a calculation that takes into account the percentage of
fetal RBCs in the maternal circulation and the mother’s
blood volume. Inadequate dosing of RhIG may fail
to protect the mother from anti-D alloimmunization,
whichimay result in hemolytic disease of the newborn
in subsequent pregnancies.

Clinical Pitfall

Failure to correctly assess the amount of FMH and to
administer the appropriate dose of RhIG prophylaxis to avert
anti-Dalloimmunization in an Rh-negative mother carrying
an Rh-positive fetus.

STANDARDS OF CARE

When EMH occurs during routine delivery, or is
suspected as a consequence of placental bleeding,
a sample of maternal blood should be collected for
EMH testing within an hour of the event.

The rosette test is performed to screen for
FMH and, if positive, is succeeded by either the
Kleihauer-Betke test or, preferably, by the more
sensitive flow cytometric testing, to quantify the
volume of FMH.

The dose of RhIG administered to the mother is cal-
culated by giving 300 mcg vial doses of RhIG per
30 mL of fetal whole blood, or per 15 mL of fetal
RBCs, in the maternal circulation. (Note: other dose
sizes of RhIG are also available.)

Calculation for RhIG dosing:

v Maternal blood volume (mL) = 70 mL/kg x
maternal weight (kg) [use 5,000 mL if maternal
weight is not known]

v Volume of fetal bleed (mL) = Percentage of fetal
RBCs x maternal blood volume
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v" Dose of RhIG (300'mcg vials) to administer = fetal
bleed (mL)/30 mL of whole blood (o7 15 mL of
RBCs)

v If the number to the right of the decimal point
is less than 5, round the number down and add
one additional dose of RhIG (eg, 3.4 — 3 + 1 = 4);
if the number to the right of the decimal greater
than 5, round up and add an additional dose of
RhIG (eg, 2.8 > 3 + 1 =4).

INAPPROPRIATE USE OF CRYOPRECIPITATE

The appropriate use of cryoprecipitate is highly
variable. In part, this is due to a misunderstanding of
what this blood product contains. However, there is
also a dearth of evidence from randomized controlled
trials about appropriate usage. Its indiscriminate usage,
as evident from numerous blood bank audits, appears
to be driven by the misguided belief that it represents
a “super concentrated” form of FFP. This is not true, as
cryoprecipitate has a different composition than FFP.

Clinical Pitfall

Failure to recognize the appropriate usage of cryoprecipitate
and to calculate the correct dose.

STANDARDS OF CARE

As per American Association of Blood Banks
(AABB) Standards, Cryoprecipitate contains specified
amounts per unit of fibrinogen (minimum of 150 mg)
and factor VIII (minimum 80 1U). It also contains fac-
tor XIII (40-60 1U), von Willebrand Factor (~80 [U),
and fibronectin (40-60 IU). It is used primarily in the
control of bleeding associated with fibrinogen defi-
ciency and in the treatment of factor XIII deficiency,
but can also be used as a second-line therapy for von
Willebrand disease and hemophilia A,
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The number of unit bags of fibrinogento administer,
based on level of fibrinogen desired, is calculated as
follows:

1. Calculate the total blood volume:
° Body weight (kg) x 70 mL/kg
2. Calculate the total plasma volume:
° Total blood volume x (1 — hematocrit)
3. Calculate the milligrams of fibrinogen needed:
¢ (Total plasma volume) x (concentration
change in fibrinogen desired):

e The change in fibrinogen level desired is
determined by subtracting the current level
from the desired level of fibrinogen; for
example, if the desired level is 175 mg/dL
and the current fibrinogen level is 50 mg /dL:
175 -~ 50 mg/dL = 125 mg/dL

¢ Multiply the change in concentration times
the total plasma volume, but divide the

answer by 100 to correct the units (dL to mL)

4. Calculate the number of bags needed to reach
the desired fibrinogen level:
¢ Number of bags needed /150 mg per bag

PLATELET INACTIVATION AS A RESULT
OF COLD EXPOSURE

Whole blood and blood components must be stored
and handled in accordance with regulatory standards
to maintain therapeutic potency and ensure the safety
of patients, Whereas packed red cells and' plasma are
stored and transported at cold temperatures (ranging
from 1°C to 6°C), platelets are required to be maintained
at room temperature, between 20°C and 24°C. Exposure
of platelets, even briefly, to temperatures under 15°C
renders them inactive and unsuitable for clinical use:

Clinical Pitfall
Failure to keep platelet products at appropriate temperatitre.
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STANDARDS OF CARE

Platelets should be issued in a specialized bag with
a label warning not to expose them to cold tempera-
tures or ice.

The transfusion service should educate hospital
providers about appropriate temperatures for keep-
ing platelets.

Platelets that are exposed to cold must be discarded
because such exposure targets them in vivo for
destruction by liver and spleen macrophages fol-
lowing transfusion.

ERRORS IN PROCEDURES

A POSITIVE TYPE AND SCREEN WILL RESULT IN
RELATIVE DELAY IN THE ISSUE OF BLOOD

Timely issue and delivery of RBCs are critical to
optimal patient care. Experienced surgeons often have
some estimates of expected blood loss for a given pro-
cedure. In many institutions, surgeons request RBCs
to be packed in a validated “cooler” prior to the start
of surgery based on these estimated blood losses.
However, surgical outcome can be quite variable, and
bleeding is often unanticipated. This inherent uncer-
tainty and complexity in surgical practice underscores
the importance of the reliable and timely release of
blood products from the blood bank.

In order to issue crossmatched RBC products,
the blood bank must have verified the patient’s blood
type and must have tested the patient’s plasma to
determine whether any non-ABO RBC antibodies are
present (eg, D, Kell, and Jka). If the screen is negative,
RBCs can be issued with an immediate spin cross-
match (which takes a few minutes to perform manu-
ally) or an electronic crossmatch (performed in less
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time by computer verification of the patient’s blood
type and the absence of any antibodies in plasma).
Most clinicians, including surgeons, assume that
RBCs can be obtained immediately when the screen is
negative. When the screen is positive, the crossmatch
process is more involved and requires at least an hour
to complete.

Clinical Pitfall

Failure to anticipate a potential delay in the issue of blood
based on the patient’s blood type and screen result.

STANDARDS OF CARE

Two units of crossmatched RBCs should be on
reserve for each patient scheduled for surgery who
has a positive antibody screen.

The clinical team should be notified by the blood
bank whenever there is an anticipated delay in pro-
viding crossmatch-compatible units.

ERROR IN BLOOD SAMPLE COLLECTION
RESULTING IN INACCURATE TYPE AND SCREEN

The location and manner in which a blood sample
is collected for laboratory testing may be a source of
significant medical error. For instance, a blood sample
collected from a heparin-flushed line may show an
elevated partial thromboplastin time (PTT). A blood
sample collected from a vein in the same extrem-
ity and “upstream” from a vein into which blood is
being transfused will likely yield inaccurate laboratory
results as it will be mixed with transfused blood.

Clinical Pitfall

Failure to recognize the importance of correct blood sam-
pling technique for blood typing.
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STANDARDS OF CARE

Samples for a type and screen assay should not be
collected from a vein proximal to the site where
donor blood is simultaneously being transfused in
a patient.

Specimens received by blood bank laboratories
must at a minimum have the correct patient infor-
mation on the label, including, but not limited to,
patient last name, patient first name, date, time, and
phlebotomist identification.

MISINTERPRETATION OF LABORATORY TESTS
FOR HEMOLYSIS

In emergency transfusions, there is typically no time
to perform a patient’s blood type and screen, and
therefore universal donor group O Rh-negative RBCs
are transfused. The major concern is to maintain the
patient’s blood oxygen carrying capacity by monitor-
ing the hemoglobin (Hgb)/hematocrit levels, and to
prevent symptomatic anemia.

Without an antibody screen, the potential risk
exists for a delayed hemolytic transfusion reaction in
patients who have been alloimmunized to minor RBC
antigens. Such hemolysis could lead to a worsening
anemia. Usually, but not always, out-of-group transfu-
sions have clinical consequences. However, in massive
transfusions, when the equivalent of more than a total
adult blood volume of blood is not screened for reac-
tivity against clinically significant antigens, the risk of
delayed hemolytic reactions (DHTRs) increases due to
the exposure to large amounts of donor blood.

Hemolytic reactions may be identified by a panel
of laboratory tests that can include a lactate dehydro-
genase (LDH) level, bilirubin (total, direct, indirect),
liver enzymes (aspartate aminotransferase, AST; ala-
nine aminotransferase, ALT), the reticulocyte count,
a haptoglobin level, and a peripheral blood smear.
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Numerous medical conditions other than hemolysis,
especially hepatorenal and cardiac conditions, are
associated with abnormalities in these test values. In
the setting of transfusion, failure to take into account
other underlying comorbidities affecting these test
values can lead to the erroneous conclusion that RBC
hemolysis has occurred.

Clinical Pitfall

Failure to recognize that elevated LDH, bilirubin, and
haptoglobin values do not always indicate RBC hemolysis
but may be associated with other underlying comorbidities.

STANDARDS OF CARE

A negative antibody screen and direct antiglobulin
test (DAT) in a patient with a history of alloimmuni-
zation reduces the likelihood of a DHTR.

Alternate comorbidities should be considered in
interpreting laboratory test values typically used
in the evaluation for RBC lysis (eg, LDH, bilirubin,
and haptoglobin).

A peripheral blood smear should be examined to
check for immune hemolysis.

ABO TYPING DISCREPANCY DUE TO LESS
COMMON ABO SUBGROUPS

A blood type is based on the presence or absence of
inherited antigenic structures on the surface of RBCs.
The ABO system is the most important blood group
system in human blood transfusion. The associated
anti-A and anti-B antibodies are both class IgM and
IgG immunoglobulins. ABO IgM and IgG antibod-
ies are produced in the first years of life, probably as
a result of sensitization to environmental substances,
such as food, bacteria, and viruses. ABO typing
involyes both antigen typing and antibody detectior
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The antigen typing is referred to as the forward typing,
and the antibody detection is the reverse typing.

Clinical Pitfall

Failure to recognize minor ABO subgroups and. their clini-
cal significance.

STANDARDS OF CARE

Failure to properly type both the donor and recipi-
ent can result in life-threatening harm to the recipi-
ent. It also represents poor management of heart
organs suitable for transplantation, a rare and vahi-
able resource.

INAPPROPRIATE USE OF AUTOLOGOUS BLOOD

It is estimated that almost half of all blood transfusions
performed in the United States occur perioperatively.
What is often not realized is that there are several
alternatives to the transfusion of allogeneic blood.
The most common alternatives include intraoperative
blood salvage, acute normovolemic hemodilution,
and transfusion with banked autologous blood. Each
of these alternatives, however, carries advantages and
disadvantages. Transfusion of autologous blood is no
exception.

Clinical Pitfall

Failure to understand the appropriate use of autologous
RBC transfusions.

STANDARDS OF CARE

Autologous blood donation should be performed
prior to surgery to avoid unnecessary iatrogenic

blood loss (minimum time >72 hours; optimal time
frameis approximately one week prior to procedure).
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AABB and FDA standards indicate that autologous
donors should have an Hgb count of at least 11 g/dL
(hematocrit 33%) and should be relatively healthy.

RAPID TRANSFUSION IN CHRONIC ANEMIA MAY
RESULT IN VOLUME OVERLOAD

Children and adults with severe chronic anemia
(Hgb <5.0 g/dL) are usually transfused slowly in order
toreduce the risk of transfusion-associated circulatory
overload (TACQ). Patients with severe chronic ane-
mia have a relatively normal circulating blood volume
(70-80' mL/kg), but with a compensatory increase in
their plasma volume that increases their risk for TACO.

Clinical Pitfall

Failure to recognize the increased risk of TACO!in patients
with chronic anemia.

STANDARDS OF CARE

A single unit of transfused blood product can be
sufficient to cause TACO; vigilance for volume
overload is required even with small volumes of
transfused products.

In pediatrics, if the Hgb is less than 5 g/dL, trans-
fuse over a period of 4 hours the following calcu-
lated volume: number of milliliters = Hgb x weight in
kilograms.

COLD AGGLUTININ DISEASE—INSIGNIFICANCE
OF LOW ANTIBODY TITERS

Cold agglutinin disease (CAD) is caused by IgM
autoantibodies that can agglutinate RBGs in vitro at
cold temperatures (4°C-18°C). These autoantiboc
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can cause infravascular hemolysis in vivo, especially
when present in high titers at warmer temperatures
(30°C-37°C). The hemolysis is mediated by the classic
complement pathway that lyses the RBC membrane,
releasing Hgb and resulting in hemoglobinemia,
hemoglobinuria, and low free haptoglobin.

When the antibody concentration is not sufficiently
high to activate the full complement cascade, comple-
mentactivation is taken only to the C3 stage, producing
RBCs coated with C3b without hemolysis. The titer and
temperature at which hemolysis occurs can vary, but
titers lower than 1 to 32 only rarely cause clinically sig-
nificant hemolysis. Evidence suggests that only titers
of autoantibody greater to 1 to 1,000 are clinically sig-
nificant. When the antibody is not reactive at 30°C or
higher, hemolysis is unlikely when the titers are low.

Clinical Pitfall

Failure to recognize that low titers of cold agglutinins can be
detected in normal individuals and are only rarely clinically
significant.

STANDARDS OF CARE

In CAD, at low IgM antibody titers, only supportive
treatment such as avoidance of cold temperatures,
iS necessary.

The need for transfusion should be assessed by the
degree of the anemia.

HYPOCALGEMIC TOXICITY FROM THERAPEUTIC
PLASMA EXCHANGE

Hypocalcemic toxicity is one of the most common
adverse effects of therapeutic plasma excha nge (TPE).
The symptoms of this toxicity are associated with a
decrease in plasma ionized calcium. The normal range
for total calcium concentration in the plasma is 8.5 to



1: TRANSFUSION MEDICINE 15

10.5 mg/dL. Approximately 50% of this concentration
is ionized, 40% is bound to proteins (primarily
albumin), and 10% circulates in a form bound to
anions. Citrate-based anticoagulants, notably sodium
citrate, are a major cause of hypocalcemic toxicityas the
citrate binds to and thereby lowers the intravascular
ionized calcium levels. In addition, replacement fluids
such as human albumin and FEP may: contribute to
hypocalcemia. It is important to recognize the signs
and symptoms of hypocalcemic toxicity because
effective interventions are readily available.

Clinical Pitfall

Failure to monitor and treat hypocalcemia during a therapeu-
tic apheresis procedure that leads to hypocalcemic toxicity.

STANDARDS OF CARE

Treatments of hypocalcemic toxicity should be
appropriately implemented; these include slow-
ing the infusion rate, providing calcium replace-
ments (intravenous or oral), and /or adding calcium
directly to replacement fluids such as albumin,

For patients experiencing hypocalcemia, careful
monitoring is required for life-threatening complica-
tions, such as laryngospasm or cardiac arrhythmias.

HEMOLYSIS FOLLOWING PLATELET TRANSFUSION

When ABO group-specific platelet concentrates are
notavailable, it is common practice to transfuse ABO
out-of-group platelets. An adult dose of platelets
contains approximately 250 mL of donor plasma.
Infusion of this plasma can result in the passive
transfer of anti-A and/or anti-B antibodies: Usually,
this does not result in any serologically evident or
clinically significant hemolysis. Rarely, howe
transfusion of out-of-group platelets can lead
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significant passive alloimmune hemolysis due to
“passively” transferred antibodies in the residual
plasma in the product. Deaths have occurred due to
such hemolysis attributable to transfusion of out-of-
group platelets.

Clinical Pitfall

Failure fo diagnose a passively mediated hemolytic transfu-
sion reaction due to a minor incompatibility between donor
plasma and recipient red cells.

STANDARDS OF CARE

The recommendations of the National Blood Service
Transfusion Medicine Clinical Policies Group are
(2) platelets from donors with identical ABO group are
the component of choice, (b) administration of ABO
incompatible platelets is acceptable when platelets
are in short supply, and (c) group O platelets should
not be given if known to be a high titer for anti-A or
anti-Bisohemagglutinins.

DEVELOPMENT OF COAGULOPATHY SECONDARY
TO INTENSIVE TPE

Plasmapheresis, or TPE, is the process by which whole
blood is withdrawn from an individual's circulation,
one of its components, such as plasma, is separated out,
and the remainder of the blood is returned together
with a replacement fluid. In therapy for some diseases,
such as thrombotic thrombocytopenic purpura (TTP),
the replacement fluid is plasma from healthy donors.
In other diseases, such as myasthenia gravis (MG),
the replacement fluid can be albumin or a combina-
tion of albumin and normal saline. Such replacement
fluids have the benefit of avoiding exposure to donor
plasma that may induce infectious and immunologic
complications.
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Clinical Pitfall

Failure to compensate for dilution of coagulation factors
[from plasmapheresis.

STANDARDS OF CARE

Dilution of coagulation factors in procedures
involving the removal of plasma must be assessed
by the measurement of PT and PTT values before
and after the procedure.

" Plasma exchange can also cause a decrease in
platelets. Platelet counts should therefore also be
monitored.

HEPARIN-FLUSHED LINES—INADVERTENT
EXPOSURE TO BLOOD CIRCULATION

or donor is circulated through an apparatus that
separates out one particular constituent for collection
or therapeutic intervention, and returns the remainder
of the components to the circulation. Extracorporeal
photopheresis (ECP) is an apheresis procedure (used
for instance in the treatment of graft versus host
disease [GVHD]) in which the patient’s white blood
cells and platelets are separated out for treatment with
photoactivating drugs and then exposed to ultraviolet
light before being returned to the patient’s circulation
Where they exert a therapeutic effect. Photopheresis
instruments may be flushed with heparin (or citrate-
containing solutions) as anticoagulants. As some
patients may not tolerate heparin, a careful clinical
history should be taken prior to commencing
procedures that include-this anticoagulanbee s
While a patient {With? khowi Keparlhiinduided' < il
thrombocytopenia wauld “betrtitkely! #6be Eefter ’
uled for procedures that use liepariti, patienits

less obvious underlyi%g conditions aﬂéociate"
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\Q In apheresis procedures, the blood of a patient
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risk for bleeding (such as subarachnoid hemorrhage)
may fail to be excluded. Such patients may inadvert-
ently be exposed to heparin in different ways. There is
a tendency to regard the flushing of instrument lines
with heparin as standard practice and innocuous to
patients. Yet serious complications, such as drug inter-
actions, iatrogenic hemorrhage, and heparin-induced
thrombocytopenia, have been reported in association
with such heparin flushing,

If heparin is contraindicated for patients, citrate
contained in solutions such as acid-citrate-dextrose
formula A can be used as an anticoagulant.

Clinical Pitfall

Failure (averted) to recognize that apheresis and
photopheresis instrument lines may be flushed with heparin
as an anticoagulant and may pose a safety risk to patients
with certain underlying conditions.

STANDARDS OF CARE

Caution should be exercised in apheresis and ECP
procedures as the lines may be flushed with hepa-
rin, which may pose a risk to certain groups of
patients. Consider using alternative anticoagulants
such as citrate for such patients.

ERRORS INVOLVING SPECIFIC CLINICAL
SCENARIOS -

OCCULT ANEMIA—SEARCHING FOR A DELAYED
HEMOLYTIC TRANSFUSION REACTION

Adverse reactions to transfused blood products range
from innocuous mild allergic reactions to the transmis-
sion of incurable infections. The spectrum of Symp-
toms for such transfusion reactions is broad, but it is
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most crucial to recognize and rule out an acute hemo-
lytic reaction as this is one of the most likely sources
for morbidity and mortality in transfusion medicine.
The most severe and acute reactions stem from trans-
fusion of ABO incompatible RBCs. Preformed, natu-
rally occurring isohemagglutinins (anti-A and anti-B
antibodies) can result in rapid and robust intravascular
hemolysis. However, the effects of exposure to blood
components may not be immediately apparent, but
can be delayed for weeks, months, or longer.

Clinical Pitfall
Failure to recognize a clinically significant RBC antibody.

STANDARDS OF CARE

In delayed transfusion reactions, the offending anti-
body can be found in the plasma, on the surface of
the RBCs, or both. A DAT should be performed on
all suspected cases. Acid elution studies can further
help to identify a potentially anamnestic response.

IDENTIFICATION AND MANAGEMENT OF
CLINICALLY SIGNIFICANT ALLOANTIBODIES IN
PREGNANCY

HDEN is a disorder describing the immune-mediated
destruction of fetal or neonatal RBCs. The clini-
cal repercussions of HDEN have been substantially
mitigated since the 1970s with the advent of routine
postpartum prophylactic RhIG therapy. Yet despite
reductions of approximately 90% in alloimmunization
to RhDD, continued clinical hemovigilance is necessary
to prevent fetal and neonatal demise. Clinically signifi-
cant alloantibodjies, other than anti-D, can cross the pla-
centa, resulting in RBC destruction. With ongoing'loss
of RBCs, the developing neonate will attempt to com-="
Pensate physiologically by increasing the formation'o




20  CLINICAL DIAGNOSTIC TESTS

immature RBCs (reticulocytosis). With the increased
oxygen demand as a consequence of the loss of RBCs,
the neonatal heart will be driven to compensate by

increasing output—which can in turn lead to cardiac
failure and fetal demise.

Clinical Pitfall

Failure to recognize clinically significant alloantibodies to
minor RBC antigens that can cause severe HDFN.

STANDARDS OF CARE

Fetal transfusion is most commonly performed
using blood group O Rh-negative that is compatible
with the implicated maternal antibody. These units
should be leukoreduced, irradiated, and relatively
fresh.

Multiple transfusions can be performed to support
the fetus through gestation to delivery. It is impor-
tant to note that pregnant women receiving mul-

tiple transfusions secondary to HDFN often form
multiple RBC antibodies.

LIBERAL VERSUS RESTRICTIVE TRANSFUSION
STRATEGIES

Postsurgical anemia increases a patient’s risk of death,
particularly in the immediate postoperative setting and
in the intensive care unit. The degree of asymptomatic
anemia and subsequent decision to transfuse RBCs
is a complex decision. Historical transfusion thresh-
olds, coupled with nonevidence-based blood product
ordering, have resulted in a renewed drive toward
evidence-based decision making for RBC transfusions.
The overall goal of RBC transfusion is to enhance tis-
sue oxygenation, but the decision to transfuse must be
balanced against other factors, such as potential risks
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of infection, alloimmunization, and general availabil-
ity of the blood components.

Clinical Pitfall

Failure to follow evidence-based guidelines for managing
asymplomatic anemia.

STANDARDS OF CARE

Studies from intensive care units have suggested a
“trigger” for transfusion at an Hgb value of 7 g /dL.
Controversy still remains regarding the effect of the
age of the transfused RBC unit(s), with older units
likely being inferior in quality (the “storage lesion”
effect).

NONEVIDENCE-BASED PRACTICES IN
PROPHYLACTIC PLATELET TRANSFUSIONS
FOR MINOR PROCEDURES

Lumbar puncture (LP) is a common diagnostic and
therapeutic procedure performed in both adult and
pediatric patient populations. There is range of poten-
tial complications that can occur with LPs that includes
headache, backache, cerebellar herniation, trauma to
the conus medullaris, iatrogenic meningitis, and bleed-
ing. Despite these complications, thrombocytopenia is
by itself not a major contraindication to performing an
LP on a patient. Nonetheless, the prophylactic platelet
transfusion thresholds prior to performing an LP are
controversial. Physicians performing this procedure
are concerned about the risk for permanent neurologic
injury.

Clinical Pitfall

Failure to recognize evidence-based platelet transfusion
guidelines for minimally invasive procedures.
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STANDARDS OF CARE

Data to support a specific platelet count are limited.
However, published reports on retrospective analy-
ses and expert opinion support platelet counts greater
than 10,000/uL to 50,000/pL. There are no data to
support the need for a platelet count of 100,000/ pL.

MOLECULAR DIFFERENCES IN THE RhD PROTEIN
AND THE NEED FOR RhIG

The RhD protein is the most immunogenic of the Rh
proteins. These proteins are expressed g)fclu31vgly on
the erythroid cells and can pose a significant risk for
hemolytic transfusion reactions, as well as HDFN.
The RhD protein is a transmembrane protein that has
numerous variants based on alterations in the DNA
sequence. Alterations in the DNA sequence often
translate to structural changes in the RhD protein.
Various mutations (deletion, single nucleotide poly-
morphism, and pseudogene) have been shown to alter
different regions within the cytoplasmic, transmem-
Prar}e, and external portion of the protein, each result-
INg in unique phenotypic protein expression.

If the protein alt}e?atign is on thpe external surface
‘t’égi ?&C, the changes in the three-dimensional struc-
and can ee]is.rto‘;?;n are e_xposed to the i.mmune system
As a result 1th fere“,t immune surveillance patterns.

ranches of th €n patients with mutated extracellular
€ Protein are transfused with RBCs

rom Nonmutated d N i
I My racos it the recipient’s immune sys-
foreign ang m%mze the external protein changes as
tural alteration M0t an immune response. This struc-
Piglein Consmultn ) he exposed extracellular part of the
¢S the biOlogical basis for the immune
urspa”ial D.” If the mutation in the
€Sultip On the intracellular portion of the
18 C;‘anges most frequently result in

ey
¢ of expression of the RhD protein.
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Clinical Pitfall

Failure to recognize the limitations of weak D/partial
D antigen testing and their clinical significance.

STANDARDS OF CARE

The first prenatal visit should include a thorough
pregnancy history, as well as blood type and screen.
At present, many FDA-approved reagents used
for anti-D testing combine a monoclonal IgM anti-
body and a monoclonal or polyclonal IgG antibody,
for the determination of a weak D.

When the RhD typing of a patient is undertaken,
a weak D test is not part of the standard of care.
Only in situations where the infant of a mother is
at risk for D alloimmunization will a weak D test
be performed.

RECOGNITION OF IMMUNE-MEDIATED
HEMOLYSIS IN A PEDIATRIC PATIENT

Approximately 20% of children in the United States will
be anemic at some stage prior to their 18th birthday.
The cause for this anemia is quite variable. Although
immune hemolytic anemias more commonly affect
adultpopulations, pediatric patients can also be affected.
When present in pediatric populations the anemia
frequently follows a postinfectious period. Immune-
mediated anemias can be further classified, according
to the implicated antibody-antigen reaction, as follows:
warm autoimmune hemolytic anemia (WAIHA), CAD,
mixed type autoimmune-mediated hemolytic anemia,
drug-induced immune hemolytic anemia (DIIHA), and
paroxysmal cold hemoglobinuria. Each of the disorders
just named implicates an autoantibody directed against
an RBC antigen that reduces the life span of the circu-
lating RBC. The clinical severity of these disorders is
variable and depends on the strength of the antibody-
antigen interaction, the ability to fix complement on
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the RBC surface, and the range of temperatures at
which the antibody is capable of binding to RBCs.

Clinical Pitfall

Failure to evaluate the patient for clinically significant
immune-mediated hemolysis, resulting in delay of a correct
diagnosis.

STANDARDS OF CARE

The Donath-Landsteiner test, an evaluation for a
biphasic hemolysin, should be considered when a
pediatric patient in the postinfectious period pre-
sents with a positive DAT with isolated comple-
ment fixation.

INAPPROPRIATE PLATELET TRANSFUSION FOR
PATIENTS ON ASPIRIN

Platelet transfusions are critical interventions intended
to aid in maintaining hemostasis. There are two
licensed platelet products available in the United
States: apheresis platelets and whole blood~derived
platelet concentrates. Currently, the majority of plate-
let transfusions in the United States involves the use
of apheresis platelet products (single donor) which, by
AABB standards, should contain at least 3 x 10" plate-
lets in 90% of sampled units. Transfusion “triggers” or
thresholds differ considerably depending on the clini-
cal scenario and the patient’s underlying disease. For
example, in neurosurgical interventions, the consen-
sus platelet threshold for the patient preoperatively is
greater than 100,000 /L.

Concomitant use of antiplatelet medications
(eg, acetylsalicylic acid) can complicate the effective-
ness of platelet transfusions. Aspirin irreversibly
inhibits both cyclooxygenase-1 and 2 enzymes via
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acetylation. This irreversible inhibition prevents
arachidonic acid conversion to thromboxane A2. The
net effect of inhibiting thromboxane A2 generation is
to reduce platelet aggregation,

Clinical Pitfall

Eailure toconsider aspirin pharmacology in platelet transfu-
sion therapy.

STANDARDS OF CARE

Hor neurosurgery, a consensus preprocedure plate-
let count is 100,000/pL, although the optimal count
remains to be determined.

Rapid platelet function testing can be useful for
optimizing platelet transfusions.

UNEXPECTED'POSTTRANSFUSION PURPURA

The majority of platelet transfusions in the United
States are administered prophylactically, secondary to
thrombocytopenia. These transfusions are not devoid
of risk and are susceptible to both infectious and non-
infectious complications. Although acute reactions are
more readily identified, delayed reactions to platelet
transfusion can nonetheless cause significant morbid-
ity and occasional mortality. Although rare, immuno-
logic destruction of transfused platelets can occur. In
pregnant patients, exposure to fetal platelet antigens
can stimulate a maternal immune response leading to
the severe clinical consequences of neonatal alloim-
mune thrombocytopenia (NAIT). Patients exposed
to novel platelet antigens from platelet transfl{sions
can also develop an immune response, causing a
precipitous decrease in the platelet count that is usu-
ally only identified with serial measurements of the
platelet count.



26 CLINICAL DIAGNOSTIC TESTS

Clinical Pitfall

Failure to consider posttransfusion purpura (PTP) in the
differential diagnosis of thrombocytopenia.

STANDARDS OF CARE

PTP must be considered in the differential diagnosis
of thrombocytopenia in patients exposed to platelet
transfusions and in women who have been pregnant,
particularly when the platelet count is very low.

In cases of life-threatening bleeding, HPA-1a/1a
negative units should be used for platelet trans-
fusions unless platelet antigen testing suggests
otherwise.

PHENOTYPE MATCHING TO MITIGATE
ALLOIMMUNIZATION IN SICKLE CELL DISEASE

Worldwide, sickle cell disease (SCD) affects many
different patient populations. In the United States,
most cases of SCD affect African Americans, Despite
multiple clinical trials demonstrating hydroxyurea as
an effective therapy for acute life-threatening compli-
cations of SCD, RBC transfusion continues to be the
more regularly performed therapy. Maintaining the
Hgb S percentage below 30% during chronic trans-
fusion therapy has been shown to reduce the risk
of stroke.

The potential for increased alloimmunization
and consequent hemolytic transfusion reactions is
increased by the high degree of variability in anti-
gen matching between the recipient and donor blood
products. It is known that the rate of alloimmuniza-
tion in patients with SCD is disproportionately higher
than in other chronically transfused patient popula-

tions. The etiology of fhis discrepancy is not fully
understood.
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Clinical Pitfall

Failure fo recognize the potential risk of alloimmunization
in a chronically transfused patient.

STANDARDS OF CARE

For patients requiring chronic transfusion support
(eg, SCD, thalassemia, and other hemoglobinopa-
thies), there is currently no universal standard;
however, studies have demonstrated that prophy-
lactic phenotype matching for the RhCE and K anti-
gens results in reduction in alloimmunization rates
to minor RBC antigens.

REFUSING BLOOD TRANSFUSION: WHEN
PATIENT AND PHYSICIAN BELIEFS FAIL TO ALIGN

The medical and surgical management of patients who
refuse allogeneic and/or autologous blood is complex.
The genesis of such decisions can be religious, cul-
tural, and /or personal in nature, and is not limited to
patients who identify themselves as Jehovah’s Witness.
The refusal of blood transfusion may conflict with the
medical responsibility for preserving life, yet the deci-
sion by a competent and informed adult patient to
decline treatment must be respected, even if there are
clear medical indications for such a transfusion.

Clinical Pitfall

Failure to respect and understand the patient’s autonormy
regarding their care.

STANDARDS OF CARE

A competent adult has the legal right to make deci-
sions about receiving a blood transfusion. In the
event of a life-threatening blood loss, a court order
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is not required for transfusion of a recipient who is
a minor (evenif the legal guardian says no).

CRYPT ANTIGEN ACTIVATION, ADVERSE
CONSEQUENCES

T activation, also known as the Thomsen-Hubener—
Friedenrich phenomenon, is an enzymatic modifi-
cation of the RBC membrane proteins that exposes,
or “activates,” the normally “cryptic” (hidden) T, or
Thomsen, antigen. The T antigen is normally seques-
tered on cellular membranes until it is” exposed
through the removal of N-acetyl-neuraminic acid
(sialic acid) residues by neuraminidase, an enzyme
produced by a variety of organisms such as Clostridia
and Streptococcus prieumoniae. Adult plasma contains
naturally preformed antibodies to crypt antigens. Such
transfused plasma can thus propagate an ongoing
immune-mediated hemolysis.

Clinical Pitfall

Eailure to consider cryptic antigen exposure and to under-
stand the associated transfusion risks.

STANDARDS OF CARE

Washing of blood products may be necessary to
reduce the risk of passive anti-T transmission.
Consideration of crypt antigen exposure in patients
with infections should be factored into decisions.

FAILURE TO RECOGNIZE SPECIFIC RISK
FACTORS THAT ARE ASSOCIATED WITH
ADVERSE REACTIONS IN BLOOD DONORS

Healthy persons can donate up to 500 mL of blood with
only a transient impact on their circulatory system (the
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FDA limits donation to 10.5 mL/kg). Nonetheless,
syncopal episodes do occur among blood donors. The
incidence ranges between 2% and 5% of all donors,
and is especially common in first time donors mostly
due to anxiety and vasovagal reactions.

Clinical Pitfall

Failure to recognize risk factors for syncopal reactions in
blood donors.

STANDARDS OF CARE

Young age, gender, first time donation, and anxiety
are known risk factors for postdonation syncope.
Donors who meet these criteria should be carefully
monitored.

MISINTERPRETATION OF THE DAT

The DAT, also known as the direct antiglobulin or
Coombs’ test, indicates whether antibody (IgG) and/
or complement (usually C3d) is bound to the patient’s
RBCs. A positive DAT can have various interpretat-
ions and requires appropriate additional testing.
The DAT should be interpreted in the context of the
patient’s medical history and underlying condition.
Thus, the clinical significance of a positive DAT should
be determined by taking account of both clinical and
laboratory information.

A positive DAT can be succeeded by an elution
assay in which antibody adhering to the patient’s
RBCs is removed from these cells and evaluated, with
the goal of determining whether alloantibodies not
detected in the patient’s plasma are adhering to the
RBCs. The eluted antibody can either be identical to
that found in the plasma or may represent an addi-
tional underlying alloantibody not detected in the
plasma. How such antibody elutions are performed :
also depends on whether the patient has been recently
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STANDARDS OF CARE

Several differing international guidelines are
available for warfarin reversal in the context
of intracerebral hemorrhage, most of which
recommend intravenous vitamin K supplemented
with either FFP or PCCs, as vitamin K alone is not
considered adequate.

In settings that do not involve significant bleeding,

the 2012 CHEST guidelines recommend achieving

anticoagulation broadly as follows:

i. Patients taking vitamin K antagonists and with
INRs between 4.5 and 10, but with no evi-
dence of bleeding, do not need to routinely take
vitamin K.

ii. Patients with INRs greater than 10, with no evi-
dence of bleeding, should take oral vitamin K.

In cases of serious bleeding in patients with warfarin-
associated ICH, recent guidelines recommend a
vitamin K dose of 10 mg given intravenously at a slow
infusion rate (over 30 minutes) with consideration of a
repeat dose at 12 hours. Supplementation with either
FFP, PCCs, or factor VIla is generally considered
necessary for rapid correction of the INR, but
evidence-based guidance and correlated outcomes
for each of these therapies is lacking.
The use of plasma in the setting of warfarin-induced
ICH was recently given only a “weak” recommen-
dationby the AABB. This low grading may be due to
delayed administrationand inadequate dosing of the
product. A minimum of 15 mL/kg and <30 mL/kg
has been recommended, unless the patient cannot
tolerate the volume.

Four-factor PCCs are effective for patients with

AAICH, whereas the benefit of three-factor PCC

therapy has not been fully established and is there-

fore as yet not approved for AAICH. Recent ran-
domized clinical trials showed that four-factor

PCCs had a similar hemostatic efficacy to plasma at

24 hours in patients requiring warfarin reversal and



1: TRANSFUSION MEDICINE 33

were actually superior to plasma in achieving target
INR correction within 30 minutes after infusion.

The American Heart Association and American
Stroke Association do not recommend the routine
use of factor VIla for warfarin reversal for AAICH.

ANTI-KELL ALLOANTIBODIES—MISSED
DIAGNOSIS OF HDFN

HDEFN occurs mostly through maternal alloimmuni-
zation against an antigen present on fetal RBCs (more
rarely, it can also occur through prior maternal trans-
fusion). The maternal antibody crosses the placenta
and coats the fetal RBCs, which are then removed
from circulation by splenic macrophages, resulting
in fetal anemia. The titer of the maternal alloantibody
can be helpful in monitoring the potential for HDFN.
Amniotic fluid bilirubin levels can also serve as an
indicator of active hemolysis. Both of these results
should, however, be interpreted with caution when
anti-Kell alloantibodies are implicated in the disorder.
Newer approaches to diagnosing HDFN use Doppler
measurements of peak systolic blood flow velocity in
the fetal middle cerebral artery (MCA).

Clinical Pitfall

Failure to understand the role in HDFN of maternal anti-
bodies that suppress erythropoiesis and cause anemia with-
out causing hemolysis.

STANDARDS OF CARE

After the risk of HDFN has been established through
prenatal and neonatal testing for maternal alloim-
munization as well as phenotyping of the biological
father’s RBCs (and fetal phenotyping or genotyping
to determine the antigen status of the fetus), mater-
nal antibody titers to the implicated antigen should
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be measured every two to four weeks, beginning at
18 weeks gestational age.

Amniotic fluid bilirubin levels can be helpful for
monitoring hemolysis but should be interpreted
with caution when anti-Kell group antibodies are
implicated, as fetal anemia may be driven by sup-
pression of erythropoiesis rather than by active
RBC hemolysis.

IgA DEFICIENCY—MISINTERPRETATIONS
AND ASSUMPTIONS

IgA deficiency is relatively common: about 1 in 900 in
donors of European descent in the United States and
United Kingdom, but about 1:500 in Finland; and only
about 1:18,500 in Japan. However, only 20% to 30% of
IgA deficient individuals will form an anti-IgA anti-
body (80% in individuals with autoimmune disease).
If IgA deficiency is suspected, an IgA level should be
ordered. If IgA is severely deficient (<0.05 mg/dL), the
presence of an anti-IgA antibody should be determined.
A search for IgA deficient donors should be initiated, as
finding such donors can take time. Some tests for IgA
involve nephelometry, which is usually not sufficiently
sensitive to identify the level of severity of deficiency
associated with the production of an anti-IgA antibody.

Anti-I[gA may be present as a natural autoanti-
body detected in normal human sera, and/or as an
alloantibody. It can be stimulated by exposure to IgA,
but is also formed regardless of previous transfusion
or pregnancy. Anti-IgA is usually of the IgG class, but it
can also be IgE or IgM and can be of variable specificity.
Not all individuals with IgA deficiency and anti-IgA
antibody will have anaphylactic reactions. Conversely,
it is also important to note that anaphylactic reactions
have been noted in IgA deficient patients who have no
detectable anti-IgA antibody.

Severe allergic/anaphylactic reactions require
immediate discontinuation of the transfusion, with
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maintenance of open intravenous line access, the
availability of oxygen (sometimes requiring intubation),
and usually treatment with epinephrine (as well as
possibly vasopressors, steroids, and/or H1l and H2
receptor antagonists). Common symptoms seen in ana-
phylaxis include dyspnea, laryngeal edema, circulatory
collapse, and hypotension. Fever is usually absent.

Clinical Pitfall

Failure to appropriately follow up a presumed diagnosis of
IgA deficiency.

STANDARDS OF CARE

When an anaphylactic transfusion reaction occurs and
IgA deficiency is suspected:

If IgA deficiency is less than 0.05 mg/dL, check for
the presence IgA antibody.

[nitiate search for blood products from IgA deficient
patients.

If IgA deficient products are not available, give
washed RBCs and washed platelet products.
Plasmaand cryoprecipitate for IgA deficient patients
must be collected from IgA deficient donors.
Premedication with steroids and antihistamines
may be beneficial.

Do not assume that the absence of an anti-IgA anti-
body precludes anaphylaxis due to IgA deficiency,
or conversely that individuals with IgA deficiency
and an anti-IgA antibody will necessarily have ana-
phylactic reactions.

MISINTERPRETING THE CAUSE OF
HYPOTENSION DURING TRANSFUSION

The differential diagnosis for hypotension associ-
ated with transfusion includes acute hemolytic reac-
tions, anaphylaxis, and bacterial contamination with




36 cLNICAL DIAGNOSTIC TESTS

sepsis. Hy‘poten.sion associated with sepsis is usually
accompam_ed with a fever greater than 38.5°C, rigors,
and vomiting during transfusion, often with the added
.comphcations of shock, oliguria, and disseminated
intravascular coagulation. As with all suspected trans-
fusion reactions, the first step is to stop the transfusion
while maintaining an open intravenous access line.
Severe allergic/anaphylactic reactions require imme-
diate discontinuation of the transfusion, with appro-
priate supportive treatment to maintain oxygenation
and blood pressure. However, hypotension may also
be unrelated to the transfusion and instead be due to
the patient’s underlying condition.

By definition, a primary hypotensive transfu-
sion reaction occurs as an isolated decrease in systolic
and /or diastolic blood pressure of 30 mmHg or more
within minutes of starting transfusion and resolves
with supportive treatment soon after the transfu-
sion is stopped. Such hypotensive reactions may be
due to blood passing through charged filters (usu-
ally negatively charged) in patients who are taking
angiotensin-converting enzyme inhibitors (ACE-i). In
such patients on ACE-i receiving blood through nega-
tively charged filters, the generation of bradykinin
and/or its metabolite des-Arg-bradykinin appear to be
implicated.

Clinical Pitfall

Failure to fully explore the potential causes for hypotension
in a patient being transfused.

STANDARDS OF CARE

Hypotension in the setting of a transfusion should
be carefully evaluated and not assumed to be due
to the patient’s underlying condition. Each option
in the differential diagnosis should be considered
in the context of the patient’s past medical history,
clinical scenario, and the laboratory results.
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Knowing a patient’s medications is important in
analyzing a suspected transfusion reaction. In
patients undergoing total plasma exchange (TPE),
ACE-i can interact with charged membrane sur-
faces in the apheresis instrument. These drugs
should therefore be discontinued prior to starting
TPE (at least 24 hours before starting apheresis in
patients on short-acting ACE-i such as captopril
and quinapril; or several days before starting apher-
esis in the case of longer acting ACE inhibitors such
as enalapril and lisinopril).

If the hypotension is accompanied by significant
fever, bacterial contamination should be ruled out
by culturing the blood product.

INAPPROPRIATE APPLICATION OF
PREMEDICATION FOR TRANSFUSION

Allergic and febrile nonhemolytic transfusion reactions
(FNHTRs) are the most commonly reported transfu-
sion reactions. They are generally mild and do not
cause significant morbidity. FNHTRs are isolated
febrile reactions that occur during transfusions that
are not associated with any hemolysis. Mild allergic
reactions can be treated by temporarily stopping the
transfusion and administering diphenhydramine, and
resuming transfusion if the patient is stable. Such iso-
lated reactions generally do not necessitate routine
premedication for subsequent transfusions.
Acetaminophen and diphenhydramine are gener-
ally considered effective therapies for fever and allergy,
respectively. In the setting of transfusion, however,
their routine usage is controversial since their efficacy
has not been proven, and because fever and allergic
reactions from transfusion are often temporally lim-
ited and self-resolving. Nonetheless, it is estimated
that physicians routinely prescribe these medications
in up to 80% of blood product transfusions in order to
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avert the possibility of reactions. In some institutions,
all transfusions receive premedication.

The tendency to premedicate is usually greater if
the patient has previously suffered an allergic or febrile
reaction while undergoing transfusion. The medical
record is not always reviewed to determine if there
was ever an indication for such medication. Patients
who have experienced an isolated allergic or febrile
reaction associated with transfusion are most often no
more likely to have a repeat reaction than those who
have never experienced a reaction.

Acetaminophen and diphenhydramine are both
associated with potential toxicities and should not be
routinely, and without good reason, administered to
patients prior to transfusion. For severe transfusion
reactions, more effective alternatives to these
medications are also available.

Clinical Pitfall

Failure to recognize that universal routine premedication
with diphenhydramine and acetaminophen does not prevent

or reduce the rate of allergic and/or FNHTR transfusion
reactions.

STANDARDS OF CARE

Mild allergic reactions, such as hives, associated
with transfusion can be treated by temporarily stop-
ping the transfusion, maintaining open intravenous
access, and waiting for the symptoms to subside
before resuming transfusion at a slower rate under
close observation and monitoring.
Diphenhydramine (or other antihistamines) can be
judiciously used to treat an urticarial reaction but
should not be routinely given as a prophylactic
premedication.

For recurring and severe reactions, alternatives to
premedication such as washed or plasma-reduced
products may be helpful. Forsevere allergic reactions,
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alternative medications such as antihistamines other
than diphenhydramine, H1 receptor antagonists, and
corticosteroids may be helpful, but their efficacy has
not been unequivocally established.

INCOMPLETE EVALUATION OF PLATELET
REFRACTORINESS

Thrombocytopenia is associated with a broad range of
medical conditions. The causes of refractory thrombo-
cytopenia (when the count does not increase despite
transfusion of platelets) are both immune and non-
immune, and often multifactorial. Treatment of the
underlying illness will frequently alleviate nonimmune
causes of refractoriness. Inmune-mediated causes may
require HLA-matched or crossmatched platelets.

To distinguish immune from nonimmune cases
of refractory thrombocytopenia, it is essential that
the peripheral blood platelet count be performed
accurately. For an increment in the platelet count to
be accurate, it should be measured between 15 and
60 minutes immediately following completion of the
platelet transfusion. The increment in the count should
be determined using the corrected count increment
(CCl—see Standards of Care) that takes into account
the patient’s size via a body surface area measurement.
Obese patients with large blood volumes and patients
with splenomegaly who have sequestration of plate-
lets from circulation may show peripheral blood plate-
let counts that are corrected by the calculation of the
CCI. The CCI should be calculated following two con-
secutive platelet transfusions before making a determi-
nation of “platelet refractoriness.”

Since the introduction and widespread imple-
mentation of uniform prestorage leukoreduction, the
immune causes of platelet refractoriness via alloim-
munization to HLA Class 1 antigens have decreased.
Platelets express HLA Class IA and IB antigens.
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Matched platelets can be selected either by HLA
antigen-based selection, or by crossmatching which
does not require knowledge of HLA type.

An unreliable platelet count increment following
transfusion may lead to either the unnecessary trans-
fusion of additional platelets to increase the count or to
a premature determination of “refractoriness.”

Clinical Pitfall

Failure to take a platelet count between 15 and 60 minutes
following transfusion and to calculate the CCI before mak-
ing a determination of platelet refractoriness.

STANDARDS OF CARE

Determine the platelet count within 15 to 60 minutes
following transfusion of platelets.

From the platelet count, calculate the CCI, taking
into account the patient’s specific body surface area,
using the formula:

Body surface area(m®)x Platelet count

increment (platelets / puL) x 10"

Cl=
S Number of platelets transfused

Perform two consecutive platelet counts and CCI
calculations before making a determination of
“platelet refractoriness.”

Rule out nonimmune causes of refractoriness before
ordering HLA-matched platelets to manage alloim-
munization to HLA class I antigens.

THROMBOTIC THROMBOCYTOPENIC
PURPURA—MISSED DIAGNOSIS

TTPis classically diagnosed by the “pentad” of anemia,
thrombocytopenia, neurologic signs, fever, and renal
failure. While the ADAMTS13 assay can yield a more
rapid and potentially accurate measurement of the
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disease, its utility in acute management of TTP is
disputable. The full pentad of symptoms is not always
observed in patients presenting with TTP. While fever
is present in 24% of patients, neurologic signs in 63%,
and renal abnormalities in 60%, each of the conditions
can also manifest in a variety of ways; and nonspecific
symptoms such as nausea, weakness, and abdominal
pain may further confuse the diagnosis. More impor-
tantly, the absence of fever, neurologic signs, or renal
dysfunction does not preclude a diagnosis of TTP.

The diagnosis of TTP should be seriously consid-
ered in patients with thrombocytopenia and microan-
giopathic hemolytic anemia (MAHA) presenting in the
absence of an underlying disease. MAHA is diagnosed
in the setting of a hemolytic anemia by the simulta-
neous presence, on a peripheral blood smear, of schis-
tocytes. The diagnosis of hemolytic anemia is further
suggested by elevated values for serum LDH, indirect
bilirubin, and reticulocyte count.

As MAHA and thrombocytopenia are not specific
for TTP, other causes for these conditions should also
be evaluated through additional laboratory tests, such
as the PT, PTT, a DAT, and liver function tests. In
short, the diagnosis of TTP should not be too strictly
based on the recognition of the classic pentad.

Clinical Pitfall
Failure to correctly diagnose TTP.

STANDARDS OF CARE

The diagnosis of TTP can be made based on unex-
plained MAHA and thrombocytopenia and does
not require the classic “pentad” of symptoms that
includes fever, neurologic symptoms, and renal
dysfunction.

TPE is typically performed for one TPE daily until
the platelet count is above 150,000/pL, and is then
often continued for two more days after this platelet
count is achieved.
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Blood samples for laboratory tests such as
ADAMTS13 should be collected before commenc-
ing plasma exchanges or transfusions, and caution
should be used in the interpretation of ADAMTS13
values.

TRANSFUSION-RELATED ACUTE LUNG
INJURY—FAILURE TO DIAGNOSE

The diagnosis of transfusion-related acute lung injury
(TRALI) is based on a set of consensus criteria that
involves both clinical and radiologic findings. These
criteria serve as a guide only, and a high level of suspi-
cion should be maintained for diagnosing this disease
given its relatively high (transfusion related) mortal-
ity. Respiratory distress in the absence of left atrial
hypertension (circulatory overload) occurring within
6 hours of transfusion should alert the physician to the
possibility of TRALL Patients with TRALI also do not,
by the consensus criteria, have pretransfusion lung
injury. However, mild and atypical cases presenting
with symptoms such as only mild shortness of breath
should not preclude consideration of a possible diag-
nosis of TRALI, even though the symptoms may not
completely fit the consensus criteria.

The exact pathogenesis of TRALI is unknown
but usually involves anti-HLA antibodies (and /or
antineutrophil antibodies) that trigger a cascade of
events resulting in bilateral lung infiltrates involving
both interstitial and alveolar spaces. In some cases, the
presentation of TRALI following RBC transfusions is
thought to be mediated by RBC membrane compo-
nents, specifically lysophosphatidylcholine.

The presence of the pathogenic antibodies can be
determined with tests such as the panel reactive anti-
body (PRA) assay although this assay will not detect
antineutrophil antibodies or biologically activated
lipids that can also cause TRALL
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Clinical Pitfall

Failure to consider adiagnosis of TRALI when the presenting
symptoms are mild or atypical.

STANDARDS OF CARE

Given the relative mortality risk of TRALI, a high
index of suspicion should be maintained even
when symptoms are mild, especially in the setting
of other possible disease etiologies. The Canadian
Consensus Panel and the NIH criteria for TRALI
should generally be applied in diagnosing the con-
dition, butahigh level of suspicion should nonethe-
less be maintained for mild and atypical cases.
Plasma units from donors (especially female; mul-
tiparous) should be analyzed for anti-HLA Class I
or Class II antibodies (or antineutrophil antibod-
ies). When such antibodies are discovered, the
patient is typically tested for the cognate antigen
to understand whether an antibody-antigen inter-
action may have triggered the transfusion reac-
tion. Donors of positive units should be excluded
from further donation of plasma, but they may be
allowed to donate platelets.

FAILURE TO RECOGNIZE THAT SERIOUS,
POTENTIALLY FATAL HEMOLYTIC TRANSFUSION
REACTIONS CAN OCCUR WITH BLOOD
PRODUCTS

Severe allergic reactions can occur in response to
plasma proteins or other agents contained in blood
produets. Type I hypersensitivity responses occur Very
rapidly following contact with the relevant antigens
and recur on subsequent occasions via an IgE-mEdlated
degranulation of mast cells and basophils. The organ
systems affected include skin and the mucosa of the
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gastrointestinal and respiratory tracts, where vascular
leakage and tissue edema may occur. Arterial dilata-
tion may cause headache and hypotension, whereas
bronchoconstriction can cause respiratory distress. The
mediators of these responses include histamine, sero-
tonin and bradykinin, lymphokines, leukotrienes, and
the anaphylatoxins C3a and C5a.

Clinical Pitfall

Failure to be prepared for anaphylactic transfusion reac-
tions, particularly following rapid platelet transfusions,

STANDARDS OF CARE

Supportive care (Advanced Cardiac Life Support
and ICU support) should be readily available.
Platelets should be transfused slowly and by grav-
ity. Although platelets can be given via a pump,
they should never be given by rapid infusion.

- IgA deficient patients, especially those with
documented anaphylactic reactions, should be
transfused with products derived from other IgA-
deficient blood donors or with washed cellular
blood products.

FAILURE TO RECOGNIZE DRUG-INDUCED
HEMOLYTIC ANEMIA

Drug-induced hemolytic anemia (DIHA) is a rare
complication occurring in less than one in a million
individuals. Drugs may induce the generation of an
antibody against RBCs that recognize the RBC only in
the presence of the drug (classic form). However, they
may also generate true autoantibodies to RBCs that do
not require the presence of the drug for recognition.
The number of drugs now known to be associated
with DIHA is about 130. The most frequently impli-
cated drugs are piperacillin and the cephalosporins.
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At least four explanatory mechanisms of DIHA have
been described. One such mechanism entails binding
of the drug to the RBC membrane, which then elicits
an antibody directed largely to the drug itself that can
lead to extravascular hemolysis.

Clinical Pitfall

Failure to diagnose DIHA in a critically ill patient receiving
medications known to be implicated in the disease.

STANDARDS OF CARE

DIHA should be considered in patients who present
with unexplained anemia, particularly if they are
receiving drugs associated with DIHA.

FAILURE TO RECOGNIZE THAT DONOR HIV
EXPOSURE IS'ASSOCIATED WITH A SPECIFIC
FEDERALLY MANDATED PROCESS FOR
RECIPIENT NOTIFICATION

A look-back investigation on the transfusion service
identifies potential transfusion-infected recipients
and the implicated donors. For some disease entities,
such as HIV, federal regulations guide the investiga-
tions. Transmission of HIV through transfusion of
contaminated blood components was documented in
the United States in 1982. Virtually all of these trans-
fusion-associated cases occurred before 1985, when
HIV antibody testing was not available. Since then, the
risk for transfusion-transmitted HIV infection has been
almost eliminated through the use of questionnaires to
exclude the high risk donor, and through the applica-
tion of sensitive laboratory screening tests to identify
infected blood donors.

The risk for acquiring HIV infection through blood
transfusion today is estimated conservatively to be
about one in two million, based on 2007 to 2008 data.
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When a blood collection center identifies a donor whose
blood may be infected with hepatitis C virus (HCV),
HIV-1, and/or HIV-2, written notification of the infec-
tion is sent to all medical directors of blood banks that
might have received previous blood products from that
infected donor. Federal regulations also contain stipula-
tions regarding such notifications about infected donors.

Clinical Pittall

Eailure to be informed of the FDA-mandated regulations
governing donor and recipient notifications about HIV and/
or HCV infected blood products.

STANDARDS OF CARE

Consent must be obtained from all patients for
blood product administration. As part of that
consent process, the risk of infectious diseases,
including HIV and HCV, must be addressed. The
physician and blood bank should keep a record of
these notifications and test results.

When supplemental testing for HIV or HCV is
positive, the transfusion service medical director
is responsible for notifying the donor as well as all
patients who may be affected.

Reasonable attempts must be made to notify the
recipient within eight weeks after receiving the
donor testing results.

A legal representative or relative of the recipi-
ent should be notified if the recipient is a minor,
deceased, or adjudged incompetent.

At least three attempts to notify the affected parties
must be made.

RISK OF HYPERKALEMIA FROM
RBC TRANSFUSION

Damage to the red cell membrane or lysis of the
RBC results in release of intracellular potassium.
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Complications of hyperkalemia can arise in patients
after receiving multiple RBC transfusions. A major
determinant of the risk of hyperkalemia following
transfusion is the potassium concentration of the unit.
However, other factors are also involved, including the
age of the patient, presence of tissue hypoperfusion,
and the effects on the patient of the rate of transfusion.
Pediatric patients with cardiac disease are particularly
sensitive to hyperkalemia. Many institutions wash
RBCs to reduce total potassium load prior to issuing
units to pediatric cardiac surgery patients. However,
adults with poor cardiac output are also at risk.

Clinical Pitfall

Failure to recognize that hyperkalemia may be associated
with RBC transfusions.

STANDARDS OF CARE

Irradiated RBC units should ideally be used within
6 to 8 hours of irradiation, although AABB stand-
ards allow longer out-dates.

If issue of irradiated products within 6 to 8 hours
is not possible, efforts should nonetheless be made
not to issue these units to the surgical or ICU patient
populations, as they are at higher risk for the meta-
bolic derangements associated with hyperkalemic
cardiac complications.

FAILURE TO RECOGNIZE THAT INTENSIVE
PLASMA EXCHANGE CAN CAUSE
METABOLIC ALKALOSIS

TTP is a rare blood condition that causes microthrombi
to form in small blood vessels throughout the body.
Classically, the following five features are indicative
of TTP: neurologic symptoms, kidney failure, fever,
thrombocytopenia, and MAHA. For unclear reasons,
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the kidney microvasculature is particularly sensitive
to the formation of microthrombi, and some level of
kidney dysfunction is, therefore, present in many TTP
patients. TPE with donor plasma as fluid replacement
is the first-line therapy for TTP, a life-threatening dis-
ease with considerable mortality (despite the efficacy
of TPE). TPE is typically performed daily until the
platelet count and LDH are back in the normal range.

Clinical Pitfall

Failure to correctly assess the source of metabolic alkalosis
resulting from blood products during intensive TPE.

STANDARDS OF CARE

Patients receiving large amounts of plasma, par-
ticularly those with renal insufficiency, should be
assessed with venous pH and bicarbonate measure-
ments because of the risk of metabolic alkalosis.

FAILURE TO RECOGNIZE THE RISK OF
ALLOIMMUNE THROMBOCYTOPENIA
IN A PRIMIGRAVIDA

NAIT occurs as a result of maternal alloimmunization
to fetal platelet antigens that lead to the destruction of
fetal platelets. Unlike HDFN, in which fetal anemia
develops due to maternal sensitization of fetal red cell
antigens and hemolysis arises in second or later preg-
nancies, one third to one half of infants with NAIT are
affected during the first pregnancy. The mechanism
of cellular destruction is analogous to that of red cell
incompatibility and destruction that occurs in HDFN.
Transplacental passage of fetal platelets in early
second trimester sensitizes the mother, who produces
IgG antibodies directed against platelet specific (or
more rarely HLA) antigens of paternal origin on the
fetal platelets. The neonate may present with a bleeding
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diathesis of variable severity after birth, or more rarely
in utero. NAIT complicates 1.5 per 1,000 to 1 per 5,000
live birth Caucasian births. Although NAIT accounts
for only 3% of all general fetal and neonatal thrombo-
cytopenias (<150,000/pL), it accounts for about 30% of
all severe thrombocytopenias with platelet counts of
less than 50,000 /nL.

Clinical Pitfall

Failure to understand that passive alloimmune destruction of
platelets in neonates can occur in first pregnancies.

STANDARDS OF CARE

NAIT should be considered in the differential
diagnosis of newborns with thrombocytopenia,
even for first pregnancies. Laboratory testing
should be used to determine the specificity of the
implicated antigen/antibody.

Prophylactic transfusions are often recommended
for low-neonatal platelet counts ranging between
30,000 and 50,000/ pL.

After a first case of NAIT, subsequent pregnancies
should be carefully monitored for the development
of NAIT. The mother can also receive prenatal treat-
ment with IVIG.

UNNECESSARY PLATELET TRANSFUSIONS

The causal relationship between thrombocytopenia
and an increased risk of bleeding is well established.
Recommendations for a threshold number of plate-
lets to prompt transfusion for in-patients, without any
clinical bleeding, range between 5,000 and 10,000/ pL.
In the treatment of leukemias, only limited guidance
is available on prophylactic platelet transfusion trig-
gers for minor procedures such as central venous line
placement.
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Clinical Pitfall

Failure to recognize the appropriate prophylactic trigger for
transfusion of platelets.

STANDARDS OF CARE

A generally accepted platelet transfusion threshold
for a “nonbleeding” in-hospital patient, without
any coagulopathy, is 10,000/uL.

Current recommendations for platelet transfusion
thresholds for surgeries are 50,000/ pL. The response
to a platelet transfusion is best assessed by obtain-
ing a posttransfusion platelet count. This should
be obtained between 15 and 60 minutes after com-
pletion of the transfusion. The effectiveness of the
response is assessed by calculating a CCI (see case
“Incomplete Evaluation of Platelet Refractoriness”
on page 39).
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CHAPTER 2
Coagulation Disorders

MICHAEL LAPOSATA

MONITORING OF ANTICOAGULANT THERAPY IN
PATIENTS BEING TREATED WITH WARFARIN

Errors in anticoagulation therapy have become a major
source of concern to hospital accrediting agencies. The
simple error of not knowing about an elevated interna-
tional normalized ratio (INR) value and therefore not
taking an appropriate action is very common. Another
common adverse outcome in warfarin-treated patients
occurs from inappropriate decisions about dosing of
warfarin, because many clinicians do not know the
appropriate response to a supratherapeutic or sub-
therapeutic INR value. Such errors can result in cata-
strophic bleeding or thrombosis that is preventable.
The laboratory can also contribute to error if it fails to
use the correct formula for generation of the INR value.

TEST ORDERING MISTAKES

Ordering the INR too soon after the initiation of war-
farin therapy. The effect of warfarin occurs several
days after the therapy is initiated. Checking the
INR in the first three days of the administration of




60

CLINICAL DIAGNOSTIC TESTS

warfarin could lead to an inappropriate adjustment
of the warfarin dose.
Not checking the INR value at least once per month. The
maximum time interval for checking the INR value
in a warfarin-treated patient is once per month,
although there have been recent suggestions to
lengthen this period in highly stable patients. Data
now show the benefit of patients performing home
testing for the INR. A meta-analysis revealed that
patients who measure their own INR with a point
of care device at home perform the INR two to four
times more frequently than they would if they were
managed by their physicians. Importantly, home-
monitored patients with more frequent testing
experience less bleeding and less thrombosis.
Determining the effect of warfarin reversal with
vitamin K too soon. Many variables influence the
time to reduction in INR with vitamin K therapy.
For patients treated with oral vitamin K at a dose of
1 to 5 mg orally, the expectation is that a reduction
in INR will occur within 24 hours; for intravenously
delivered vitamin K, a reduction in the INR should
be observed even sooner, typically within 12 hours.

MISTAKES IN RESULT INTERPRETATION

Failing to review and act upon an INR value in a timely
fashion. One of the most common mistakes occurs
when the physician is unaware of an elevated INR
value. This often happens when one physician is
cross covering the patients of another physician
and is unaware of the clinical status of the warfarin-
treated patient for whom he or she has assumed
temporary responsibility.

Misunderstanding the clinical significance of an elevated
INR value. Generally speaking, if there is a concern
of serious bleeding in a warfarin-treated patient with
a markedly elevated INR, usually above 10, fresh
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frozen plasma along with vitamin K needs to be
administered to rapidly reverse the warfarin effect.
Other approaches are available for replacement of
factors II, VII, IX, and X. These involve the use of
prothrombin complex concentrates containing these
four factors and the use of recombinant factor VIla.
Bleeding that does not appear to be life threatening
can be treated with oral vitamin K. Mildly elevated
INR values can be treated by the temporary discon-
tinuation of warfarin. In addition, an INR value sig-
nificantly below the therapeutic range needs to be
treated with an increase in the warfarin dose. In all
cases, a thorough investigation for the cause of any
supratherapeutic or subtherapeutic INR must be
performed.

Interpreting the INR wvalue without qualification in
the presence of interfering factors. One such exam-
ple is for a patient receiving both argatroban and
warfarin, with the goal of discontinuing the arga-
troban and continuing the warfarin long term.
A therapeutic dose of argatroban will significantly
elevate the INR in all patients. The INR value in
the presence of argatroban should not be used to
determine whether the patient is effectively antico-
agulated with warfarin. Options include removing
the argatroban for 2 to 3 hours and testing at that
time with the INR or using a chromogenic factor X
assay to monitor warfarin as this test does not suffer
interference by argatroban.

OTHER MISTAKES

Failure of the laboratory to appropriately calculate the
INR from the prothrombin time (PT) values generated
from the patient samples. One of the major problems
uncovered in clinical laboratories over the past dec-
ade is the incorrect calculation of the INR value.
One cause for this incorrect calculation in some
laboratories is that the value for the international
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sensitivity index (ISI) has been incorrectly assigned
for the reagents in use to perform the PT assa Y, from
which the INR is calculated.

CONTROVERSIES

Using the INR as a replacement value for the PT in
patients not receiving warfarin. The INR value is
derived using data from patients who are being
treated with warfarin. These patients have specific
factor deficiencies (low levels of factors II, VII, IX,
and X) that are a result of warfarin therapy. The
clinical laboratory cannot easily know whether
a sample for a PT test is from a warfarin-treated
patient or a patient with liver disease, for example.
Because there is a need to convert the PT value to
an INR in the warfarin-treated patient, laboratory
information systems typically convert all PT values
into INR values. The clinicians then see values for
both the PT and the INR for all patients for whom
a PT test has been requested. The clinical use of
the INR instead of the PT for nonwarfarinized
patients was originally discouraged. However, the
INR appears to be an effective surrogate test for
the PT, and now many clinicians follow the INR
rather than the PT for patients with, for exam-
ple, liver disease and disseminated intravascular
coagulation (DIC).

There is substantial confroversy about the merits of
pharmacogenomic testing to assess for warfarin sen-
sitivity. The FDA supports such testing, but the
logistical challenge is very high to determine the
status of CYP2C9 (eg, 3*/3* genotype patients
should be treated with a lower warfarin dose) and
vitamin K epoxide reductase (VKORC1, the AA
genotype patients benefit from a lower warfarin
dose) within the first few da ys of warfarin therapy
and permit early dose adjustment. There is now
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significant data to show that pharmacogenomic
testing for warfarin sensitivity shortens the time to
stable dosing and increases the time that patients
receiving warfarin are within the therapeutic
range.

STANDARDS OF CARE

Patients receiving warfarin must be monitored
using the INR. Warfarin dose adjustment should
not occur until the patient has received two to three
doses of warfarin and monitoring should occur at
least once per month.

Subtherapeutic and supratherapeutic INR values
must be acted upon in a timely fashion to minimize
the risk of bleeding or thrombosis. Values that are
substantially outside the therapeutic range require
immediate attention to prevent a potentially lethal
outcome.

When the INR does not reflect the effect of warfarin
alone, but is confounded by other variables, war-
farin dose adjustment must take into account such
confounders.

The laboratory must correctly calculate the INR
from the PT value of the patient.

MONITORING OF ANTICOAGULANT THERAPY
IN PATIENTS BEING TREATED WITH
UNFRACTIONATED HEPARIN

Patients receiving unfractionated heparin are most
commonly monitored using the partial thromboplas-
tin time (PTT) assay. However, many clinical laborato-
Tles monitoring heparin-treated patients are now using
dn assay for anti-factor Xa. There js substantial vari-
ability in patient response to unfractionated heparin
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therapy. In addition, the laboratory reagent used in
the performance of the PTT shows lot-to-lot variability,
and this can introduce substantial analytical vari-
ability in the PTT. Thus, the biological and the ana-
lytical variability associated with heparin treatment
make it difficult to continuously maintain a patient
within the therapeutic PTT range. As with all antico-
agulants, errors surrounding anticoagulation therapy
have become highly visible because they can result
in catastrophic bleeding or thrombosis, and they are
often preventable. Another major complication asso-
ciated with heparin therapy is the development of
heparin-induced thrombocytopenia (HIT) with throm-
bosis. Monitoring the platelet count in a hospitalized
patient on intravenous unfractionated heparin therapy
is essential to reduce the incidence of this potentially
lethal thrombotic condition by discontinuing heparin
therapy and introducing an anticoagulant unrelated to
heparin.

TEST ORDERING MISTAKES

Not ordering a platelet count at least every third day
while a patient is in the hospital receiving unfractionated
heparin, as an assessment for HIT.

* Requesting an anti-factor Xa assay to monitor the effect of
unfractionated heparin, but not indicating to the labora-
tory that the test is assessing the effect of unfractionated
heparin. Low molecular weight heparin is also moni-
tored by an anti-factor Xa assay. The laboratory uses
unfractionated heparin to calibrate the assay when
the anticoagulant effect of unfractionated heparin
is being assessed; and it uses low molecular weight
heparin when the anticoagulant effect of low molec-
ular weight heparin is being assessed. The labora-
tory must know, therefore, whether the test request
is for the assessment of anticoagulation with unfrac-
tionated heparin or low molecular weight heparin.




2: COAGULATION DISORDERS 65

MISTAKES IN RESULT INTERPRETATION

Failing to review and act upon a supratherapeutic or
subtherapeutic PTT value in a patient being treated
with unfractionated heparin value in a timely fash-
ion. The consequences for a patient requiring
anticoagulation with unfractionated heparin whose
PTT is not in the therapeutic range are bleeding (for
PTT values above the therapeutic range) and throm-
bosis (for PTT values below the therapeutic range).
The bleeding or thrombotic events can range from
mild to lethal, and for that reason, maintenance of
the heparin-treated patient within the therapeutic
PTT range greatly improves patient outcome.
Failing to pursue a diagnosis of HIT upon observing a
decline in the platelet count to 50% or less of the base-
line platelet count, in a patient exposed to unfractionated
heparin or low molecular weight heparin by any route
and at any dose, particularly in the absence of an alterna-
tive explanation for the decrease in platelets.
Concluding that the PTT is within the therapeutic range
in a patient receiving heparin, who also has a lupus anti-
coagulant or other condition associated with a prolonged
PTT, such as factor XII deficiency. Using the lupus anti-
coagulant as an example, the lupus anticoagulant
can prolong the PTT. However, this prolongation is
not reflective of an anticoagulation effect. If a patient
with a lupus anticoagulant develops thrombosis
and requires treatment with heparin, and the PTT
is already elevated above the upper limit of normal
before heparin treatment, the patient may receive an
inadequate amount of heparin if the physician uses
the standard PTT therapeutic range to adjust heparin
dosing. In such cases, the PTT cannot be used to assess
the effectiveness of anticoagulation with heparin. The
anti-factor Xa assay for unfractionated heparin must
be used in these cases. Providing a thrombotic patient
with an inadequate dose of unfractionated heparin
can result in clinically significant thrombosis.
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Confusing the therapeutic range in the anti-factor Xa
assay for unfractionated heparin (0.3-0.7 U/mL) with
that of the therapeutic range for low molecular weight
heparin (0.5-1.0 U/mL).

Expecting a therapeutic PTT or a therapeutic anti-factor
Xa level after treatment with prophylactic unfractionated
heparin doses, commonly 5,000 units two or three times
per day. Prophylactic doses do not produce a thera-
peutic levels unless there is a confounding variable
also prolonging the PTT.

OTHER MISTAKES

Samples from heparinized patients in whole blood will
have a declining PTT value as they remain in whole blood
for several hours before the analysis. Activation of even
a small percentage of the platelets in whole blood
results in the release of a substance from the acti-
vated platelets that neutralize heparin. The clinical
impact of this preanalytical error is that the patient
may have a therapeutic PTT in vivo that is inap-
propriately observed to be subtherapeutic, or a
supratherapeutic PTT that is incorrectly perceived
as therapeutic. The clinical impact of either of the
situations is incorrect heparin dosing of the patient.
A standard recommendation is that a whole-blood
specimen is processed to separate blood cells from
plasma within 4 hours of sample collection.

CONTROVERSIES

There is substantial controversy for patients receiving
unfractionated heparin on whether the use of the anti-
factor Xa assay for monitoring unfractionated heparin
is more reflective of bleeding and thrombolic risk than
the PTT. The assay for anti-factor Xa in the clinical
laboratory is much more expensive than the PTT,
and it is also more complex and therefore requires
more sophisticated instrumentation than the PTT.
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These limitations notwithstanding, many clinical
laboratories have instituted heparin monitoring
with anti-factor Xa assays.

STANDARDS OF CARE

Patients receiving unfractionated heparin must be
monitored for bleeding and thrombotic complications
using either a therapeutic PTT range or a therapeu-
tic anti-factor Xa range for unfractionated heparin.
Supratherapeutic and subtherapeutic PTT or anti-
factor Xa values must be acted upon in a timely fash-
ion to minimize the risk of bleeding or thrombosis.
Patients receiving unfractionated heparin, espe-
cially those in the hospital, should be monitored for
the development of HIT with platelet counts at least
every third day.

Patients who have a prolonged PTT before the
initiation of heparin therapy cannot be monitored
with the PTT assay to determine heparin dosing.
An anti-factor Xa assay must be used in these cases,
with careful attention to use the therapeutic range
associated with unfractionated heparin and not low
molecular weight heparin.

Specimens to be evaluated with a PTT assay to
assess the effect of heparin anticoagulation must
be processed to separate plasma from blood cells
within 4 hours of collection to avoid preanalytical
neutralization of heparin in the specimen.

MONITORING OF ANTICOAGULANT THERAPY
IN PATIENTS BEING TREATED WITH LOW
MOLECULAR WEIGHT HEPARIN

Unlike unfractionated heparin, the biological and ana-
lytical variability associated with low molecular weight
heparin treatment is highly reproducible. For this rea-
son, it is unnecessary to monitor the anticoagulation
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effe'ct of low molecular weight heparin in most
patients. For those patients who do need monitoring
(see section Result Interpretation Mistakes for indica-
tions), the appropriate test is the anti-factor Xa assay.
As with all anticoagulants, errors surrounding antico-
agulation therapy have become highly visible, because
such errors can result in catastrophic bleeding or
thrombosis, and they are often preventable. Although
it is less common in patients receiving low molecular
weight heparin than unfractionated heparin, a serious
complication associated with low molecular weight
heparin therapy is the development of HIT with
thrombosis. The platelet count in patients receiving
Jow molecular weight heparin, for several compel-
ling reasons described in this chapter, is monitored

less often than it is for hospitalized patients receiving
unfractionated heparin.

TEST ORDERING MISTAKES

Ordering a PTT assay to monitor anticoagulation with
low molecular weight heparin instead of the anti-factor
Xa assay. Low molecular weight heparin treatment,
even at therapeutic doses, results in only a mild
prolongation of the PTT in most cases. _

Requesting an anti-factor Xa assay to monitor the effect
of low molecular weight heparin, but not indicating to the
laboratory that the test is assessing the effect of low molec-
ular weight heparin. Unfractionated heparin is also
monitored by an anti-factor Xa assay. The laboratory
uses low molecular weight heparin to calibrate the
assay when the anticoagulant effect of low molecular
weight heparin is being assessed, and it uses unfrac-
tionated heparin when the anticoagulant effect of
unfractionated heparin is being assessed. The labora-
tory must know, therefore, whether the test request is

assessing anticoagulation with low molecular weight
heparin or unfractionated heparin.
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MISTAKES IN RESULT INTERPRETATION

Failing to review and act upon a supratherapeutic or sub-
therapeutic anti-factor Xa value in a patient being treated
with low molecular weight heparin in a timely fashion.
This applies only to patients who have a requirement
for being monitored while receiving low molecular
weight heparin. The majority of patients receiving
low molecular weight heparin do not require moni-
toring with any assay to assess the extent of antico-
agulation. Indications for monitoring include renal
impairment; elevated body mass index; low body
mass index; pregnancy; infancy, especially in the
neonatal period; and long-term anticoagulation with
low molecular weight heparin. The consequences for
patients requiring anticoagulation with low molecu-
lar weight heparin whose anti-factor Xa is not in the
therapeutic range are bleeding (for anti-factor Xa val-
ues above the therapeutic range) and thrombosis (for
anti-factor Xa values below the therapeutic range).
As with all anticoagulants, the bleeding or throm-
botic events can range from mild to lethal, and for
this reason maintenance of the patient treated with
low molecular weight heparin within the therapeutic
anti-factor Xa range is absolutely essential.

Failing to pursue a diagnosis of HIT upon a decline in
the platelet count to 50% or less of the baseline platelet
count in a patient exposed to low molecular weight hepa-
rin by any route at any dose, in the absence of an alterna-
tive explanation for the decrease in platelets. Although
unfractionated heparin is more frequently associ-
ated with HIT, exposure to low molecular weight
heparin alone can produce HIT.

Confusing the therapeutic range in the anti-factor Xa
assay for low molecular weight heparin (0.5-1.0 U/mL)
with that of unfractionated heparin (0.3-0.7 U/mL).
Expecting a therapeutic anti-factor Xa level after treat-
ment with prophylactic low molecular weight heparin
doses. Treatment with prophylactic doses of low
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molecular weight heparin produces anti-factor Xa
levels that are well below the therapeutic range.

OTHER MISTAKES

Not collecting a blood sample for anti-factor Xa monitoring
of the patient treated with low molecular weight heparin
at 4 hours after subcutaneous administration of the low
molecular weight heparin. The therapeutic effect of
low molecular weight heparin is assessed at 4 hours
postinjection. Values before and after 4 hours (within
a window of about 15-30 minutes) will be different
from those obtained at 4 hours, and the misleading
laboratory result could lead to inappropriate adjust-
ment of the low molecular weight heparin dose.

Whole-blood samples from patients treated with low ntolec-
ular weight heparin will show a declining anti-factor Xa
value as the time between sample collection and analysis
is increased. For this reason, whole-blood samples must
be centrifiged to separate the blood cells from the plasma.
Activation of even a small percentage of the platelets
in whole blood results in the release of platelet fac-
tor 4 from the activated platelets, which neutralizes
heparin and low molecular weight heparin. The clini-
cal impact of this preanalytical error is that the patient
may have a therapeutic anti-factor Xa in vivo that is
inappropriately deemed subtherapeutic, or have a
true supratherapeutic anti-factor Xa that is incorrectly
perceived as therapeutic. The clinical impact of either
of the situations is incorrect dosing of the patient with
low molecular weight heparin. As with unfraction-
ated heparin, a standard recommendation is that a
whole-blood specimen is processed to separate blood
cells from plasma within 4 hours of sample collection.

CONTROVERSIES

Not ordering a platelet count at least every third day
for the patient receiving low molecular weight heparin,
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at least while a patient is in the hospital, and not
beginning platelet count checks on the fourth day fol-
lowing initial heparin exposure, as an assessment for
HIT. Although monitoring the platelet count for
patients receiving unfractionated heparin in the
hospital to assess for HIT is well accepted, moni-
toring the platelet count for patients receiving low
molecular weight heparin is controversial. This
is because low molecular weight heparin is often
given for treatment of outpatients, and it is more
difficult to test outpatients than inpatients, espe-
cially on a regular basis, for the platelet count. In
addition, the risk for development of HIT after
exposure to low molecular weight heparin is less
than it is for unfractionated heparin. Finally, there
is appropriate widespread use of prophylactic
anticoagulation of hospitalized patients with low
molecular weight heparin to prevent thrombosis.
Monitoring of platelet counts in this population
would require platelet counts of a large number of
hospitalized patients. Generally speaking, many
experts would consider it advisable to monitor
the platelet count at some point during hospitali-
zation for a patient receiving therapeutic doses of
low molecular weight heparin.

STANDARDS OF CARE

Patients receiving low molecular weight heparin
who must be monitored for bleeding and throm-
botic complications are evaluated using an anti-
factor Xa assay with a therapeutic range for low
molecular weight heparin of 0.5 to 1.0 U/mL.
Subtherapeutic and supratherapeutic anti-factor Xa
values must be acted upon in a timely fashion to
minimize the risk of bleeding or thrombosis. Values
that are substantially outside the therapeutic range
require immediate attention to prevent a potentially
lethal outcome.



72 CLINICAL DIAGNOSTIC TESTS

Although it is controversial, it is a safe practice for
patients receiving low molecular weight heparin,
especially those in the hospital and who are receiv-
ing treatment doses of low molecular weight hepa-
rin, to be screened for the development of HIT with
platelet counts at some point.

For monitoring the effect of low molecular weight
heparin with an anti-factor Xa assay, samples must
be collected 4 hours after the subcutaneous injec-
tion of low molecular weight heparin. Dosing of
low molecular weight heparin is based on the value
collected at this time, and dose adjustment based on
results of samples collected more than 30 minutes
before or after 4 hours may be incorrect.
Whole-blood specimens to be evaluated with
an anti-factor Xa assay to assess the effect of low
molecular weight heparin anticoagulation must
be processed to separate plasma from blood cells
within 4 hours of collection to avoid the preanalyti-

cal neutralization of low molecular weight heparin
in the specimen.

MONITORING OF ANTICOAGULANT THERAPY IN
PATIENTS BEING TREATED WITH FONDAPARINUX

Fondaparinux is a pentasaccharide that is chemically
synthesized, unlike unfractionated heparin and its
derivative low molecular weight heparin, which are
derived from pig intestine. Its pharmacokinetics is so
reproducible in nearly all patients with adequate renal
function that it is rarely necessary to monitor its antico-
agulation effect. The reproducibility of the pharmaco-
logic effectis comparable to or better than that found for
low molecular weight heparin. For those patients who
do require monitoring, the appropriate test is the anti-
factor Xa assay. Patients who have moderate to severe
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renal impairment must not receive this anticoagulant,
as it is cleared exclusively by the kidney. Monitoring
may be highly informative in a patient with renal dis-
ease who inappropriately received fondaparinux and
begins to bleed.

Importantly, fondaparinux has no well-established
reversibility agent. Protamine sulfate can be used to
neutralize unfractionated heparin and much of the
activity of low molecular weight heparin, but it does
not neutralize fondaparinux. In addition, the half-life
for fondaparinux is on the order of 20 hours, unlike
low molecular weight heparin with a half-life of about
5 hours and unfractionated heparin with a half-life of
approximately 1 hour. It is extremely rare to identify a
fondaparinux-treated patient who has a clinically sig-
nificant complication of HIT. Monitoring the platelet
count in patients receiving fondaparinux, therefore, is
not indicated.

TEST ORDERING MISTAKES

Failing to measure the creatinine or other assessment of
renal function before administering fondaparinux.
Requesting an anti-factor Xa assay to monitor the effect
of fondaparinux, but not indicating to the laboratory
that the test is assessing the effect of fondaparinux.
Unfractionated heparin and low molecular weight
heparin can also be monitored by an anti-factor Xa
assay. The laboratory uses fondaparinux to calibrate
the assay when the anticoagulant effect of fonda-
parinux is being assessed; it uses low molecular
weight heparin to calibrate the assay when the anti-
coagulant effect of low molecular weight heparin is
being assessed; and it uses unfractionated heparin
when the anticoagulant effect of unfractionated
heparin is being measured. The laboratory must be
made aware, therefore, that the requested test is to
monitor the effect of fondaparinux.
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MISTAKES IN RESULT INTERPRETATION

Failing to review and act upon a supratherapeutic or sub-
therapeutic anti-factor Xa value in a patient being treated
with fondaparinux in a timely fashion. The potential
consequences for patients requiring anticoagulation
with fondaparinux whose anti-factor Xa is not in the
therapeutic range are bleeding (for anti-factor Xa val-
ues above the therapeutic range) and thrombosis (for
anti-factor Xa values below the therapeutic range).
Confusing the therapeutic range in the anti-factor Xa
assay for fondaparinux (0.5-1.5 U/mL for a 7.5 mg daily
dose) with that of the range for low molecular weight
heparin (0.5-1.0 U/mL) and unfractionated heparin
(0.3-0.7 U/mL).

Expecting a therapeutic anti-factor Xa level after treat-
ment with a prophylactic fondaparinux dose. Treatment
with a prophylactic dose of fondaparinux pro-
duces an anti-factor Xa level that is well below the
therapeutic range.

OTHER MISTAKES

Not collecting a sample for anti-factor Xa monitoring of
the patient treated with fondaparinux at the correct time
after subcutaneous administration of the drug. The ther-
apeutic effect of fondaparinux should be assessed
after at least 3 hours post injection. Values before
3 hours may be different from those obtained after
3 hours. The half-life for fondaparinux is relatively
long, so the timing of the blood sampling need not
beas precise as for monitoring low molecular weight
heparin. A misleading laboratory result could lead
to inappropriate adjustment of the fondaparinux
dose. It should be noted, however, that dosing of
fondaparinux is not as precise as dosing of low
molecular weight heparin. Patients less than 50 kg
are recommended to receive 5 mg of fondaparinux
daily; patients weighing between 50 and 100 kg are
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recommended to receive 7.5 mg of fondaparinux
daily; and patients weighing more than 100 kg
should receive 10 mg daily. Dosing with low molec-
ular weight heparin is on a per kilogram basis, as
is dosing with unfractionated heparin. Therefore,
dose adjustments are far more commonly required
with unfractionated heparin and low molecular
weight heparin than for fondaparinux.

CONTROVERSIES

It is not absolutely clear whether treatment with fonda-
parinux carries any risk for development of clinically
significant HIT. There have been case reports of an
occasional patient who may have developed HIT
following exposure to fondaparinux. Importantly, if
these patients had any previous exposure to hepa-
rin or low molecular weight heparin in any form at
any time, which was not known to the authors of
these reports, fondaparinux may not have been the
cause of the observed HIT.

STANDARDS OF CARE

Patients receiving fondaparinux who must be moni-
tored for bleeding and thrombotic complications are
evaluated using an anti-factor Xa assay with a ther-
apeutic range for fondaparinux of 0.5 to 1.5 U/mL
for patients receiving 7.5 mg of fondaparinux daily.
Subtherapeutic and supratherapeutic anti-factor
Xa values must be recognized in a timely fashion,
though it may be difficult to minimize the risk of
bleeding if the value is supratherapeutic because
there is no reversal agent for fondaparinux.
Samples collected for monitoring the effect of fon-
daparinux with an anti-factor Xa assay must not be
collected before 3 hours from the time of the subcu-
taneous injection of the drug.
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MONITORING OF ANTICOAGULANT THERAPY IN
PATIENTS BEING TREATED WITH ARGATROBAN

Direct thrombin inhibitors, which include argatroban,
are commonly used anticoagulants in patients with
HIT and in individuals tested for whatever reason and
found to have antibodies to the heparin—platelet fac-
tor 4 complex in the absence of thrombocytopenia or
thrombosis. Argatroban is monitored with the stand-
ard PTT assay. Monitoring is especially important
because argatroban has no effective antidote to reverse
over-anticoagulation. Monitoring is also made more
difficult because argatroban also has an effect on the
PT and, as a result, on the INR derived from it. In a
typical patient with HIT transitioning from argatroban
to warfarin, in an overlap phase during which time
warfarin is present along with argatroban, there are
special considerations necessary to obtain an INR that
accurately reflects warfarin-induced anticoagulation.
In addition, frequent monitoring of the PTT is highly
recommended, especially if argatroban is used in the
presence of liver dysfunction.

TEST ORDERING MISTAKES

Not monitoring the PTT frequently enough after the
initiation of therapy with argatroban. Argatroban is
cleared by the liver, and, therefore, liver disease
can reduce the rate at which argatroban is removed
from the circulation. It is common to use argatroban
in patients with liver disease, but at a reduced dose.
In patients with liver disease, monitoring of the PTT
more than once per day to determine if the stand-
ard argatroban dose has been correctly reduced is
essential to avoid under- or over-anticoagulation of
the patient.

Argatroban produces significant interference with
the INR. Therefore, in patients being treated with
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argatroban and warfarin at the same time, with the
intention to discontinue argatroban when a therapeutic
effect of warfarin is achieved, the INR cannot be used
to determine the warfarin effect. In such cases, the
argatroban can be discontinued for 2 to 3 hours
(the half-life is approximately 20 minutes), and
the INR tested at that time. Because the patient
might not be therapeutically anticoagulated with
warfarin, the removal of argatroban can result in
thrombosis during this interval. Another option is
to use a chromogenic assay for factor X to deter-
mine if warfarin has decreased the level of factor
X to an expected concentration. Warfarin typically
decreases factor X, along with factors I, VII, and IX.
The chromogenic assay for factor X is not affected
by argatroban. This permits testing for a warfarin
effect while the patient is still receiving argatroban,
and thereby anticoagulated with argatroban even
if the warfarin effect is subtherapeutic at that time.
A chromogenic factor X level of less than 45% has
been recommended as adequate to permit discon-
tinuation of argatroban and treatment with warfa-
rin alone.

MISTAKES IN RESULT INTERPRETATION

Underdosing argatroban in patients with both HIT and
the lupus anticoagulant. In the rare patient with both
HIT and a lupus anticoagulant, the PTT is prolonged
before anticoagulation from the lupus anticoagu-
lant. If the standard target range for argatroban of
1.5 to 2.5 times the mean of the normal PTT range is.
used to dose the argatroban, an inadequate dose of
the anticoagulant is likely to be provided. If the PT
is not prolonged from the lupus anticoagulant, an
increase in the PT to an arbitrarily accepted thera-
peutic range is one option to monitor argatroban in
these circumstances.
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STANDARDS OF CARE

Patients receiving argatroban should be monitored
more than once per day, especially as the anticoag-
ulant dose is adjusted and when argatroban is used
in patients with liver disease.

Patients being treated with argatroban and warfa-
rin should ideally be monitored to assess warfarin-
induced anticoagulation with a chromogenic factor
X assay. Another option is to discontinue the arga-
troban for 2 to 3 hours and then perform the INR to
assess the warfarin effect.

Patients with both HIT and a lupus anticoagulant
that prolongs the PTT, being treated with arga-
troban, cannot being monitored with the standard
target PTT range for the direct thrombin inhibitor’s
anticoagulation.

EVALUATION FOR HEPARIN-INDUCED
THROMBOCYTOPENIA

HIT is a highly prothrombotic condition, which can
lead to arterial or venous thrombosis. A diagnosis
of HIT indicates that antibodies are present to the
heparin-platelet factor 4 complex; and thrombocyto-
penia exists to less than 50% of the patient’s baseline
platelet count, or there is a documented thrombosis.
The thrombocytopenia in this condition is relatively
modest, with values in the range of 40,000 to 80,000
per microliter. Importantly, the platelet count may
not be decreased below the reference range. A patient
who suffers a decline in platelet count from 600,000
to 300,000 per microliter has an equivalent risk for
thrombosis as someone whose platelet count decreases
from 150,000 to 75,000 per microliter. If the patient’s
platelet count decreases less than four days after expo-
sure to heparin, it is unlikely that the patient has HIT.
The criteria known as the 4 T’s to aid in the diagnosis
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of HIT refer to an appropriate level of Thrombocyto-
penia, appropriate Timing of the decline in the platelet
count, the presence of Thrombosis, and the presence of
oTher causes for thrombocytopenia.

HIT-associated thromboses include deep vein
thrombosis, pulmonary embolism, stroke, peripheral
artery thrombosis, and massive thrombosis with death.
These poor clinical outcomes have in recent years
resulted in a high vigilance state among physicians for
this condition. There has been increased legal action
against physicians who fail to recognize, demonstrate,
and appropriately treat patients with HIT. The major
challenge in this condition is that many patients will
develop the antibody associated with HIT, which rec-
ognizes the heparin-platelet factor 4 complex, but they
will not go on to develop thrombocytopenia or subse-
quently, thrombosis. The most commonly performed
laboratory test for HIT is an enzyme-linked immuno-
assay, and recent improvements to this assay may bet-
ter identify those patients who are at higher risk for
thrombosis. Enzyme-linked immunoassays that detect
immunoglobulin G (IgG) antibodies specific to the
heparin-platelet factor 4 complex have a high negative
predictive value. IgG antibodies activate platelets in
HIT, whereas IgM antibodies do not. In addition, IgM
antibodies to the heparin-platelet factor 4 complex do
not precede the appearance of IgG antibodies to the
same target antigen. The best evidence for a diagno-
sis of HIT is a functional assay with washed platelets,
and it is often used to confirm a diagnosis of HIT and
better identify those patients with the antibody to the
heparin-platelet factor 4 complex who will go on to
develop thrombosis. This complex assay involving
the use of radioactive serotonin is performed in very
few clinical laboratories. The lack of availability of this
assay in all but a few laboratories has made it impossi-
ble to use this test to make timely decisions regarding
HIT diagnosis and therapy.

Because thrombocytopenia precedes thrombosis
in HIT patients in the vast majority of cases, the platelet
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count is the major indicator that a patient with the anti-
body to the heparin-platelet factor 4 complex has an
elevated thrombotic risk. The concern for both the high
morbidity and mortality and the legal risk for missing
a diagnosis of HIT has led to overtesting for antibodies
to the heparin-platelet factor 4 complex. Overtesting
commonly occurs in cases in which there is only a
modest decline in the platelet count. Some physicians
order the test for the antibody to the heparin-platelet
factor 4 complex without performing a platelet count
simply because of anticipated exposure to unfraction-
ated heparin, and the fear that a previously acquired
HIT associated antibody will initiate massive throm-
bosis. In some circumstances, such as the postopera-
tive state following cardiac or vascular surgery, the
platelet count decreases as part of the response to sur-
gery and cannot be used effectively as an indicator of
thrombotic risk. In situations when the platelet count
cannot be used as an indicator of thrombotic risk, and
an antibody to the heparin-platelet factor 4 complex is
present, the concern for thrombosis commonly leads
to the use of anticoagulants other than unfractionated
heparin or low molecular weight heparin.

TEST ORDERING MISTAKES

Failing to monitor the platelet count at least every third
day in a hospitalized patient starting four days after the
initial exposure to unfractionated heparin. The platelet
count should be checked in patients who have had
any exposure to unfractionated heparin, even ifitis
not provided as intravenous therapy. The platelet
count can also decline, and antibodies to the hepa-
rin-platelet factor 4 complex can arise, in patients
treated with low molecular weight heparin who
have not been previously exposed to unfractionated
heparin. However, the likelihood for the develop-
ment of such antibodies is much less than that for
patients exposed to unfractionated heparin.



2: COAGULATION DISORDERS 81

Ordering the test for antibodies to the heparin-platelet
factor 4 complex when there is no meaningful decrease in
platelet count (meaningful is less than 50% of baseline)
and no thrombosis. A positive test result in this assay
typically forces a change to an anticoagulant other
than unfractionated heparin and low molecular
weight heparin, and these are more expensive and
less reversible anticoagulants.

Failing to order a test for antibodies to the heparin—
platelet factor 4 complex in a nonthrombotic patient
who has been exposed to unfractionated heparin or
low molecular weight heparin who demonstrates (a) a
decrease in platelet count to a level expected with HIT
(approximately 50,000 per microliter as a mean value),
(b) in a time frame consistent with antibody production
following exposure to heparin or low molecular weight
heparin (4-15 days is common in the absence of an
anamnestic response), and (c) no other apparent cause
for thrombocytopenia.

MISTAKES IN RESULT INTERPRETATION

Failing to completely discontinue exposure to heparin
and low molecular weight heparin in a patient who has
antibodies to the heparin—platelet factor 4 complex, and
failing to change the anticoagulation regimen to mini-
mize the risk for thrombosis in such patients. Typically,
this involves a change to an anticoagulant other
than unfractionated heparin or low molecular
weight heparin and avoidance of monotherapy
with warfarin until the platelet count rises into the
reference range.

Treating a patient with platelets who has a positive test
Jor antibodies to the heparin—platelet factor 4 complex.
In such patients, the antibodies can induce the
generation of platelet aggregates large enough
to occlude major arteries, and the transfusion of

platelets increases the risk for such catastrophic
thromboses,
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OTHER MISTAKES

The failure of the laboratory to provide the results for
the test for antibodies to the heparin—platelet factor 4
complex in a timely fashion. Delay in the processing
of samples for this test forces the treating physi-
cian observing a decrease in platelet count consist-
ent with HIT to decide whether to switch to more
expensive anticoagulant therapy without a knowl-
edge of the test results. The practical challenge for
small laboratories is that the test for antibodies to
the heparin-platelet factor 4 complex is often not
performed on-site, but is sent to an outside labora-
tory. It is not uncommon in these situations to wait
several days for a test result, despite the fact that
there is an urgent need in such cases to make a major
decision about appropriate anticoagulant use.

CONTROVERSIES

Monitoring the platelet count of patients who are not
in the hospital and are receiving low molecular weight
heparin at home. These patients are at some meas-
urable risk for HIT, although it varies to some
extent with their underlying clinical circumstances.
For example, patients recovering from orthope-
dic surgery are at higher risk for development of
antibodies to the heparin-platelet factor 4 complex
than are patients with nonsurgical conditions. The
logistical challenge of obtaining platelet counts for
patients at home receiving low molecular weight
heparin has resulted in acceptance of low molecu-

lar weight heparin treatment in the absence of
platelet counts.

STANDARDS OF CARE

A platelet count should be performed at least
every third day in a hospitalized patient receiving
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unfractionated heparin beginning four days after
initial heparin exposure.

A test for antibodies to the heparin-platelet factor 4
complex should be performed for a patient who has
been exposed to unfractionated heparin or low molec-
ular weight heparin and who demonstrates a decrease
in platelet count that could be indicative of HIT.

A test for antibodies to the heparin—platelet factor
4 complex should not be ordered when there is no
meaningful decrease in platelet count (ie, less than
50% of baseline) and no thrombosis.

Exposure to heparin and low molecular weight
heparin must be immediately discontinued in a
patient who has antibodies to the heparin-platelet
factor 4 complex.

The anticoagulation regimen in a patient with anti-
bodies to the heparin-platelet factor 4 complex must
be appropriate to minimize the risk for thrombosis.
Platelet transfusions must be avoided in a patient
who has a positive test for antibodies to the heparin—-
platelet factor 4 complex.

EVALUATION OF PROLONGATIONS OF THE
PT AND THE PTT AND ASSESSMENT FOR
DEFICIENCIES OF COAGULATION FACTORS

There are many errors associated with the orders for
coagulation factors. PT and PTT prolongations may
be a result of congenital deficiencies of one or more
coagulation factors or from a host of acquired condi-
tions associated with inhibitors or low levels of the
coagulation factors. It is essential to diagnose the cause
of a prolonged PT and PTT to determine the correct
treatment, if one is needed. This often requires the
determination of selected coagulation factor levels. It
is a common mistake to replace factors by infusing the
patient with fresh-frozen plasma without identifying
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the cause of the factor deficiencies and the associated
prolongations of the PT and /or PTT.

It is the rare physician who recalls which factors
are associated with only a prolonged PTT, only a pro-
longed PT, or a prolongation of both the PT and the
PTT. Generally speaking, the factors associated with
a prolonged PTT and a normal PT are the hours in
the workday morning, 8 o’clock, 9 o’clock, but not
10 o’clock because it is a coffee break, 11 o’clock, and
12 noon. Thus, deficiencies of factors VIII, IX, XI, and
XII are associated with a prolonged PTT in the pres-
ence of a normal PT. The factor associated with a pro-
longed PT in the presence of a normal PTT is factor VI,
or the month of July when new residents appear on the
staff. The factors in the common pathway of the coag-
ulation cascade, when deficient, most often prolong
the PT and the PTT, though the PT is affected more
than the PTT. These common pathway factors can be
remembered as the smallest denominations of paper
currency in the United States; namely, the $1 bill, the
$2 bill, the $5 bill, and the $10 bill. Thus, deficiencies
of factors I (fibrinogen), II, V, and X commonly prolong
both the PT and the PTT.

TEST ORDERING MISTAKES

Ordering the incorrect coagulation factors from lack
of knowledge about which coagulation factor deficien-
cies are associated with a PT prolongation and which
coagulation factor deficiencies are associated with a PTT
prolongation. For a PTT prolongation with a normal
PT value, the most commonly identified factor defi-
ciencies to consider are factors VIII, IX, X1, and XII.
For a PT prolongation with a normal PTT value, the
most important consideration is a deficiency of fac-
tor VII. Deficiencies of fibrinogen (factor I) and fac-
tors II, V, and X usually prolong both the PT and
PTT. However, mild deficiencies in these factors
may prolong only the PT.
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Ordering coagulation factor assays while a patient is
receiving warfarin. Patients receiving warfarin will
have deficiencies of factors II, VII, IX, and X, and
there is rarely any need to order factor assays to
demonstrate these deficiencies in warfarin-treated
patients.

Ordering coagulation factor assays while a patient is
receiving a direct thrombin inhibitor, most commonly
argatroban. Thrombin, factor Ila, is near the very
bottom of the coagulation cascade. Therefore, for
all clot-based assays of coagulation factors, direct
thrombin inhibitors will significantly interfere with
these tests and provide uninterpretable results for
the coagulation factors.

Confusing factor V with the factor V Leiden mutation.
For patients who are bleeding and being evalu-
ated for a factor V deficiency, the correct test is the
factor V assay. For patients who have experienced
thrombosis, the correct test is the factor V Leiden.
Confusing factor II (prothrombin) with the prothrombin
20210 mutation. For patients who are bleeding and
being evaluated for a factor II deficiency, the cor-
rect test is the factor Il or prothrombin assay. For
patients who have experienced thrombosis, the
correct test is the assay for the prothrombin 20210
mutation.

Confusing factor I1X with factor XI. The reversal of the
X and the I can result in major errors in treatment
that are expensive and can have serious adverse
effects. For example, many factor Xl-deficient
patients need no treatment at all, and factor IX-
deficient patients are often given expensive recom-
binant factor IX concentrate.

Confusing factor 1I with factor XI. Tt is important to
remember that the correct numbering system for
coagulation factors involves the use of Roman
numerals. If a regular Arabic number (ie, 11) is used
to identify the number of the coagulation factor, an

assay for factor II is often performed in the clinical
laboratory.
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MISTAKES IN RESULT INTERPRETATION

Treating all coagulation factor deficiencies with fresh-
frozen plasma as a source of the deficient factor. It
should first be understood that not all factor defi-
ciencies are associated with bleeding. Patients with
even complete deficiencies of factor XII do not
experience bleeding. Many patients with a signifi-
cant factor VII or factor XI deficiency also do not
bleed. The treatment for factor deficiencies depends
on the cause and the risk for bleeding. Many
physicians incorrectly do not bother to determine if
a factor deficiency is a result of an inherited factor
deficiency, a result of anticoagulation or a compo-
nent of a physiologic or pathologic process such as
DIC, or a consequence of liver disease. The treat-
ment for a deficiency of the same coagulation factor
can be very different in different clinical settings.
Confusing a low level of a PTT-related coagulation factor
(factors VIII, IX, XI, and XII) caused by a lupus anti-
coagulant with a congenital deficiency of one of these
four factors. For example, confusing a patient with
a lupus anticoagulant who has low levels of one or
more PTT-related coagulation factors with a patient
who has factor VIII deficiency can result in the infu-
sion of expensive and potentially prothrombotic
coagulation factor concentrates when they are com-
pletely unnecessary.

Concluding that slight elevations in the PT or the PTT are
always clinically insignificant. This is a difficult circum-
stance because in most cases, minor elevations of a
few seconds above the upper limit of normal for the
PT and the PTT are indeed not often associated witha
significant predisposition for bleeding. However, for
the patient who has a single factor deficiency, suchas
a deficiency of factor IX, a persistent slight prolonga-
tion of the PTT may be associated with a congenitally
low level of factor IX between 20% and 30%. If such
a patient is taken to surgery and not provided with
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factor IX preoperatively, excess bleeding is likely to
occur. Therefore, in the absence of a clear explanation
for a slight elevation in the PT or the PTT, appropri-
ate factor assays may be informative to identify single
congenital factor deficiencies that can predispose the
patient to bleeding.

Attempting to completely normalize the PT and the PTT
in the patient who has liver disease and concomitantly
a deficiency of multiple coagulation factors. In patients
with liver disease, slight prolongations of the PT
and the PTT are rarely associated with an increased
predisposition to bleed. In such patients, attempts
to bring the PT and the PTT within the reference
range, rather than leaving them slightly above the
upper limit of normal, often results in volume over-
load. If the patient has a prolonged PT and PTT on
the basis of liver disease alone, minor elevations in
the PT and PTT are often well tolerated. Therefore,
it is not appropriate to continue to transfuse fresh-
frozen plasma to fully normalize the PT and the PTT
in the liver disease patient who is not bleeding.
Failing to understand that the reference ranges for
coagulation factors in children may be different from the
reference ranges for coagulation factors in adults. For
several factors, the reference ranges for children are
lower than they are for adults. In addition, the age
at which the adult reference range becomes relevant
varies with the individual coagulation factor or nat-
ural anticoagulant. Because of this, children should
be evaluated for deficiencies using the appropriate
age-adjusted reference range.

ERRORS WITHIN THE CLINICAL LABORATORY

The clinical laboratory not performing factor assays at
multiple plasma dilutions to reveal a factor inhibitor, if
it is present. A coagulation factor level may be low
because there is decreased synthesis of the factor
or because there is an inhibitor of the factor. This
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differentiation is essential because the treatment
for a factor deficiency is usually very different
from the treatment for a factor inhibitor. For exam-
ple, a simple inherited deficiency of factor VIII is
often treated with factor VIII concentrate, whereas
a deficiency resulting from a clinically apparent
factor VIII inhibitor may be treated with recombi-
nant factor Vlla.

The failure to remove heparin, if present, from a
plasma specimen before performance of coagulation
factor assays and inhibitor testing. Heparin can be
removed from a plasma sample by the addition of a
heparin-degrading enzyme to the sample. This will
remove the anticoagulant effect of heparin from the
sample.

STANDARDS OF CARE

Prolongations of the PTT and the PT should lead
to the appropriate selection of coagulation factor
assays or inhibitors to explain the prolongations
identified.

Factor inhibitors must be differentiated from factor
deficiencies.

Reduced levels of coagulation factors produced by
argatroban should not be confused with true defi-
ciencies of coagulation factors.

The correct numbering terminology for coagula-
tion factor numbers involves the use of Roman
numerals.

Factor V and prothrombin tests must be carefully
differentiated from the assays for factor V Leiden
and the prothrombin 20210 mutations, respectively.
Treatment of coagulation factor deficiencies should
be directed by the cause of the deficiency and not
by replacing the deficient coagulation factors with
fresh-frozen plasma without determining the cause
of the deficiency.

Determination of the cause of a slight prolon-
gation of the PT or PTT must be made, which
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includes consideration of a clinically significant
factor deficiency.

Age-adjusted reference ranges must be used in the
assessment of children for deficiencies of coagula-
tion factors and natural anticoagulants.

The coagulation laboratory must clearly differenti-
ate a lupus anticoagulant from PTT-related factor
deficiencies.

The coagulation laboratory must remove heparin
from samples in which it is present when clot-based
coagulation and inhibitor assays need to be per-
formed with the samples.

EVALUATION FOR DISSEMINATED
INTRAVASCULAR COAGULATION

DIC results from a stimulus that activates coagulation
and thereby consumes platelets and coagulation factors
in small blood vessels. The depletion of platelets and
coagulation factors in capillaries is the reason why DIC
is associated with bleeding rather than thrombosis in the
vast majority of cases. Despite the fact that DIC is com-
monly encountered, the diagnosis of this condition can be
very challenging. The parameters that change in patients
with DIC, including an elevation in the D-dimer, which
is of great importance in establishing a diagnosis of DIC,
are similarly altered in a variety of other conditions.
There is no single test that specifically indicates the pres-
ence of DIC. As a further diagnostic complication, the
D-dimer assay can be performed by multiple methodol-
ogies that have different reference ranges. Some D-dimer
tests are more complex to perform than others. For this
reason, a single clinical laboratory may offer one method
during the day and another method at other times. This
can lead to significant confusion among physicians using
the laboratory regarding the diagnosis of DIC because it
is not always clear which assay was used to quantify the
D-dimer. The treatment of a bleeding episode in DIC is
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replacement therapy with blood products containing the
consumed components. Blood products may success
fully stop a bleeding episode in a DIC patient, but they
may also be ineffective. The inappropriate use of large
numbers of blood products to stop a bleeding episodein
a patient with an untreatable underlying cause for DIC
should be avoided.

TEST ORDERING MISTAKES

Ordering too many tests to establish a diagnosis of DIC.In
DIC, there are many changes that can be detected in
the blood. For example, complexes of thrombin and
antithrombin are formed in DIC. Although assays
are available for the measurement of thrombin-
antithrombin complexes, these are impractical for
performance at all times, even if they are available
in the laboratory. A commonly used panel of tests
useful for the diagnosis of DIC in a patient with an
identified stimulus for DIC includes a platelet count
(commonly decreased in acute DIC), a D-dimer assay
(typically elevated in DIC), and a PT (usually pro-
longed in acute DIC). In addition, a peripheral blood
smear (for schistocytes) and a fibrinogen test (most
commonly serial fibrinogens to show that the fibrin-
ogen value is decreasing) may be informative. The
fibrinogen level is increased above normal, as part of
the acute-phase response, by many of the stimuli for
DIC. This is why a single fibrinogen test that is often
normal in DIC can be uninformative. The D-dimer
assay provides logistical advantages over the assay
for fibrinogen degradation products (FDP), but an
elevated FDP result can also be used to provide evi-
dence of clot formation and clot degradation in DIC.

MISTAKES IN RESULT INTERPRETATION

Confusing DIC with liver disease. In both DIC and
liver disease, it is not uncommon to find a decreased
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platelet count, an elevated D-dimer, and an elevated
PT. These changes occur by different mechanisms in
the two disorders. In the absence of abnormalities
in liver function tests, there is minimal difficulty in
differentiating DIC from liver disease. However,
when liver function tests are clearly abnormal, it
may be difficult or impossible to determine if the
laboratory changes are attributable to liver disease,
DIC, or both. Severe liver failure is a known stimu-
lus for DIC, so the presence of both abnormalities at
the same time is a strong possibility.

Overlooking a diagnosis of compensated DIC. This
can be a challenging diagnosis because, with the
exception of an elevated D-dimer or FDP, the other
major parameters of the DIC panel can be normal.
Increased platelet production in the bone marrow
can compensate for a low-grade consumption of
platelets in DIC. Similarly, increased synthesis of
coagulation factors in the liver can compensate for
a low-grade consumption of coagulation factors in
DIC. The potential danger of overlooking compen-
sated DIC is that a minor challenge to such a patient,
like an infection, can greatly reduce the compensa-
tory actions of the bone marrow and the liver. This
will result in the rapid appearance of significantly
abnormal values for both the platelet count and the
PT. It is reasonable to make the diagnosis of com-
pensated DIC in retrospect, when the compensa-
tory effects are no longer present.

Unless there are other reasons to do so, treatment of the
patient with acute DIC who is not bleeding, using blood
products to normalize a low platelet count (with plate-
let concentrates) or an elevated PT (with fresh-frozen
plasma) or a low fibrinogen (with cryoprecipitate). :
The expectation that it is possible fo stop a bleeding
episode associated with an underlying DIC stimu-
lus that cannot be effectively treated. For example,
patients with pancreatic cancer whc_) develop
DIC are highly unlikely to have the stimulus for
DIC removed. On the other hand, a woman with
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DIC as a result of a fetal death in utero can rap-
idly recover from DIC upon delivery of the still-
born fetus. Thoughtful use of blood products is
essential in the bleeding patient with DIC because
it is possible to greatly deplete the hospital sup-
ply of platelet concentrates, fresh-frozen plasma,

and cryoprecipitate for a patient with DIC and an
untreatable underlying disorder.

OTHER MISTAKES

Clinical laboratories can use a variety of test methodolo-
gies for measurement of D-dimer. This test is used in the
diagnosis of DIC and to rule out, when negative, venous
thrombosis. A negative enzyme-linked immunoassty
for D-dimer has long been the gold standard to rule out
pulmonary embolism or deep vein thrombosis in the out
patient presenting for evaluation. The most widely nsed
precursor assay of the enzyme-linked D-dimer imnno-
assay is a latex bead agglutination test. This assay has
less sensitivity for the D-dimer than the enzyme-linked
immunoassay, but it is extremely easy to perform. Becaust
the enzyme-linked immunoassay is nore technically com
plex, many clinical laboratories offer this higher sensitiv-
ity enzyme-linked immunoassay D-dimer measurement
during the day, and switch fo a latex agglutination test
for the evening and night shifts in the laboratory. To add
to the confusion, D-dimer assays by different meth-
odologies can have different thresholds to determine
when the test s positive. It can be extremely confus:
ing to physicians who use a laboratory with multiple
D-dimer assays to know which assay was performed
on the samples collected from their patients, an

because of this problem, to correctly interpret the test
results. At this time, no approach has been widely
adopted to address the problem of multiple D-dimer
assays, with different levels of technical complexity
and different reference ranges. If a clinica] laboratory
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also offers, as part of a DIC panel, assays for FDP by
a variety of methodologies, the confusion for physi-
cians with regard to test selection and result inter-
pretation for DIC is even greater.

STANDARDS OF CARE

The platelet count, the D-dimer, and the PT, with
the possible addition of serial fibrinogen testing
and a review of a peripheral blood smear, represent
an acceptable and widely used group of tests to
establish or rule out a diagnosis of DIC.

Standard liver function tests may be useful to deter-
mine if DIC, liver disease, or both are present.
Compensated DIC should be considered in patients
who have a chronic stimulus for DIC, but this diag-
nosis may only become apparent when the compen-
satory mechanisms fail.

Unless there are other reasons to do so, treatment
of the acute DIC patient who is not bleeding with
blood products is not indicated.

The continued use of large amounts of blood prod-
ucts in the treatment of the bleeding patient with DIC
should be guided by the treatability of the underly-
ing condition stimulating the development of DIC.
Education of physicians using the clinical laboratory
about the assays used for D-dimer and FDP, in par-
ticular how they should be used clinically and their
diagnostic limitations, is necessary to allow physicians
to correctly interpret the results from these assays.

EVALUATION FOR A CONGENITAL
HYPERCOAGULABLE STATE

There are several major challenges associated with
evaluating a patient for hypercoagulability. One chal-
lenge is the identification of appropriate tests for
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inclusion in the hypercoagulation evaluation. There
are five commonly assessed inherited conditions
that predispose to thrombosis: the factor V Leiden
mutation, the prothrombin 20210 mutation, and defi-
ciencies of protein C, protein S, and antithrombin.
Another challenge is to decide which patients should
be evaluated with tests for hypercoagulability. There
is no consensus on which patients to test even within
the United States, and there is substantially more
variability when comparing hypercoagulability test-
ing in the United States with hypercoagulation test
ordering practices in other countries. Included in the
following section are widely recognized errors in test
ordering and test result interpretation in the assess
ment of patients for a congenital hypercoagulable
state. Other chapters in this book present information
on errors in the evaluation for antiphospholipid anti-
bodies and for HIT that are associated with hyperco-
agulable states.

TEST ORDERING MISTAKES

Ordering protein C and prolein S levels in patients
being treated with warfarin. True baseline protein C
and protein S levels can be determined reliably two
weeks after discontinuation of warfarin therapy:
assuming the patient is able to synthesize proteins
at a normal rate in the liver.

Ordering the clot-based activated protein C resistance
assay while the patient has a lupus anticoagulant or i
receiving argatroban. All of these will interfere with
this assay. To assess for the presence of factor
Leiden in such cases, the genetic test for the mut#
tion must be performed, and the clot-based test fof
activated protein C resistance must be omitted.
Ordering standard clot-based assays for protein C, P&
tein S, and antithrombin while the patient is receiving
argatroban. These compounds do not interfere with
chromogenic assays, such as the chromogenic assaY
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for protein C. These assays can only be performed
if argatroban is no longer present in the specimen.
Ordering an assay for antithrombin for a patient who
has been treated with full-dose unfractionated heparin
or low molecular weight heparin. With such therapy,
antithrombin forms a complex with heparin or low
molecular weight heparin that is cleared, resulting
in a low level for antithrombin that is not indicative
of a true baseline antithrombin level for the patient.
The patient’s baseline antithrombin can be deter-
mined reliably one week after discontinuation of
heparin or low molecular weight heparin therapy,
assuming the patient is able to synthesize proteins
at a normal rate in the liver.

Confusing factor V with the factor V Leiden mutation.
For patients who are bleeding and being evaluated
for a factor V deficiency, the correct test is the factor
V assay. For patients who have experienced throm-
bosis, the correct test is the factor V Leiden.
Confusing factor II (prothrombin) with the prothrombin
20210 mutation. For patients who are bleeding and
being evaluated for a factor II deficiency, the cor-
rect test is the factor II or prothrombin assay. For
patients who have experienced thrombosis and are
being evaluated for thrombotic risk, the correct test
is the prothrombin 20210 mutation.

Ordering protein S total antigen instead of protein S
free antigen to assess for adequacy of protein S. The
protein S total antigen is rarely decreased, and the
functional protein S value correlates to the protein S
free antigen.

Ordering antigenic tests for protein C, protein S, and
antithrombin as first-line assays to assess for deficien-
cies of these proteins. Functional assays should be the
first-line tests, as some patients who have deficien-
cies in these proteins will have normal antigenic
levels but low functional levels. Ordering antigenic
tests initially could result in a failure to identify
important functional deficiencies of these three
proteins.
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Ordering the test for methylene tetrahydrofolat:
reductase (MTHFR) as a risk factor for thrombosi.
There is no proven association between abnormal
levels of this enzyme and risk for thrombosis. It was
recently thought that an elevated homocysteine is
the thrombotic risk factor rather than an alteration
in the activity of this enzyme in the homocysteine
metabolic pathway. Ultimately, however, homo-
cysteine was also disregarded as a risk factor for
thrombosis, at least for modestly elevated homo
cysteine values that occur with minor vitamin defi-
ciencies and renal dysfunction.

Ordering only protein C, protein S, and antithrombin
for the patient to be evaluated for a hypercoagulable
state, and omitting the more recently discovered commion
hypercoagulable states produced by the factor V Leiden
mutation and the prothrombin 20210 mutation.

MISTAKES IN RESULT INTERPRETATION

Concluding that a deficiency of protein C, protein S, and/
or antithrombin produced by an acquired condition &
associated with an increased thrombotic risk. For the vast
majority of cases, it is the congenital deficiendies of
these proteins that result in an increased thrombotic
risk. For example, patients with liver disease may
demonstrate low levels of protein C, protein 5, and
antithrombin because these proteins are made in the
liver. These patients are, however, typically not &
increased risk for thrombosis because liver disease
is also associated with deficiencies of the coagule
tion factors necessary to produce clotting. Therefor,
liver disease has an effect that is both prothrombotic
and antithrombotic, and as a result, the deficende
of protein C, protein S, and antithrombin in patient |
with liver disease are not generally associated withan
increased risk for thrombosis. A relatively balanced
risk between thrombosis and bleeding is also seen n
the patient ingesting warfarin at therapeutic levels
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These patients have a low protein C and a low pro-
tein S, but they also have low levels of factors 11, VII,
IX, and X. The same can also be said for the patient
who is being treated with heparin, who experiences
a reduced antithrombin level as a result of heparin
therapy.

A confusing situation arises for low protein S values
associated with two acquired conditions—a high estro-
gen state and an acute-phase reaction. A low value for
protein S is found in patients with increased estro-
gen, such as those who are pregnant or taking estro-
gen supplements in the form of oral contraceptives
or estrogen replacement therapy. The protein S can
also be low in patients experiencing an acute-phase
reaction. The high estrogen state and the acute-
phase reaction do represent prothrombotic condi-
tions, but the thrombotic tendency is not exclusively
associated with the low value for protein S. There
are a variety of coagulation abnormalities produced
by a high estrogen state or an acute-phase response
that promote thrombosis. Therefore, a low protein S
associated with pregnancy or estrogen supplemen-
tation or an acute-phase response is in itself not
considered a single major risk factor for thrombosis.
Failing to understand that the reference ranges for
protein C, protein S, and antithrombin in children are dif-
ferent from the corresponding reference ranges for these fac-
tors inadults. Protein C is especially late in normalizing
to the adult reference range and values for children
below the age of eight or nine years are not correctly
assessed using the adult reference range. Because
of this, children should be evaluated for protein C,
protein S, and antithrombin using an appropriate
age-adjusted reference range for each factor.

CONTROVERSIES

Ordering protein C, protein S, and antithrombin in
patients who are actively clotting. Active clotting is
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combination of oral contraceptives and a genetic
deficiency associated with thrombosis greatly
increases the risk of a clotting event. For that reason,
some argue that a hypercoagulation panel should
be performed before prescribing oral contracep-
tives. The cost to the health care system from evalu-
ating women with a negative personal and family
thrombotic history with hypercoagulation studies
is not insignificant, and this is the principal argu-
ment for not performing the tests. At a minimum,
however, there is wide agreement that a careful
personal history and family history for thrombosis
should be taken before providing any recommen-
dation for oral contraceptive use.

STANDARDS OF CARE
Order tests for activated protein C resistance, pro-
tein C, protein S, and antithrombin in the absence
of interfering factors, commonly anticoagulants,
which make the results of these tests uninterpret-
able and not representative of the patient’s true
baseline values.
Order functional rather than antigenic tests for pro-
tein C, protein S, and antithrombin as first-line tests
for assessment of hypercoagulability.
Avoid the use of MTHER as a test for thrombotic
risk, and do not conclude that modest elevations in
homocysteine represent a risk for thrombosis.
Identify the factor V Leiden mutation and the pro-
thrombin 20210 mutation and congenital deficiencies
of protein C, protein S, and antithrombin as risks for
thrombosis, with the understanding that acquired
deficiencies of protein C, protein S, and antithrombin
are unlikely to represent risks for thrombosis because
these deficiencies typically occur at the same time
when there is an increased risk for bleeding.
Age-adjusted reference ranges must be used in the
assessment of children for deficiencies of protein C,

protein S, and antithrombin.
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EVALUATION FOR ANTIPHOSPHOLIPID
ANTIBODIES

For patients with thrombotic disorders, tests for
antiphospholipid antibodies are commonly per
formed. Antiphospholipid antibodies representa large
category of antibodies directed at the protein beta?
glycoprotein I. The function of this protein and its rela-
tionship to thrombosis remain to be fully elucidated,
although much progress is being made. Antibodies o
beta-2 glycoprotein I can be measured in a clot-based
assay known as the lupus anticoagulant test. In add
tion, such antibodies can be detected in enzyme-link
immunoassay tests for anticardiolipin antibodies and
for anti-beta-2 glycoprotein I antibodies, and thes
may be specific to domain 1 of the beta-2 glycoprotelt
I protein. There is another increasingly recognized
antiphospholipid antibody that recognizes factor
Il (prothrombin), which is bound to the negativel |
charged phospholipid known as phosphatidylse®
ine. There is substantial confusion among practitjon'
ers regarding which antiphospholipid antibody tests
should be ordered and how the results for these tes
should be interpreted. In general, the more of the
antiphospholipid antibody tests that are positive and
the higher the test results are above the upper Jimit of
normal, the greater is the risk for a thrombotic event

TEST ORDERING MISTAKES

Failing to order enough tests to assess farantiphosphol’ipid
antibodies. There is a growing consensus that, amon
the different antiphospholipid antibody tests the
lupus anticoagulant test is the one most associal

with thrombotic risk. However, some patients havea
negative test for the lupus anticoagulant, while test:
ing positive for anticardiolipin antibodies or anti”
beta-2 glycoprotein I antibodies, For this reaso™ !
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a patient is being evaluated for thrombotic risk with
tests for antiphospholipid antibodies, tests for the
lupus anticoagulant as well as tests for anticardi-
olipin or anti-beta-2 glycoprotein I antibodies should
be performed to complete a thorough evaluation for
the presence of an antiphospholipid antibody.
Ordering too many antiphospholipid antibody tests. There
are many tests commercially available for the lupus
anticoagulant. A screening test and a confirmatory
test that are phospholipid dependent have long
been considered adequate to assess a patient or the
lupus anticoagulant. There are at least five other
commercially available tests for the lupus antico-
agulant. For anticardiolipin antibodies, it is possible
to test for IgG, IgM, and IgA antibodies. The same
three antibody classes can also be measured for
anti-beta-2 glycoprotein I antibodies. There are also
commercially available tests for anti-prothrombin
and antiphosphatidylserine antibodies (IgG, IgM,
and IgA). A common practice is to quantify only IgG
and IgM antibodies when assessing a patient for anti-
cardiolipin antibodies or anti-beta-2 glycoprotein I
antibodies. Thus, one can perform more than a dozen
different tests to search for antiphospholipid antibod-
ies, but performing these tests until one is found to be
positive is considered inappropriate.

Not performing a confirmatory phospholipid-dependent
test for the lupus anticongulant following a positive screen-
ing fest. Screening tests for the lupus anticoagulant
based on the PIT have many interferences that
generate false-positive test results. For this reason, a
confirmatory phospholipid-dependent assay for the
lupus anticoagulant is essential to accurately deter-
mine whether the patient has a lupus anticoagulant.

MISTAKES IN RESULT INTERPRETATION

Concluding that the presence of a lupus anticoagulant isan
indication that the patient has the disease systemic lupus
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erythematosus or that the patient has an anticoagulm
Unfortunately, the lupus anticoagulant was fis
found in two women with lupus and was name
as a result of this association. Many healthy asymp
tomatic individuals and many patients with disor
ders other than autoimmune diseases are found
have a lupus anticoagulant. Also unfortunately, th
lupus anticoagulant was found to prolong the tim:
for clot formation in laboratory coagulation tests
Paradoxically, in vivo, the presence of the lupus anti
coagulant itself does not confer a bleeding risk, bu
may confer a thrombotic risk. Thus, both “lupus’
and “anticoagulant” are misleading terms.

Confusing a lupus anticoagulant for a factor VI inhibi-
tor and confusing a factor VIII inhibitor for a Iupus
anticoagulant. It is often difficult to conclusively
demonstrate that a patient has one of these entities
but not the other. Clinically, however, it is extremely
important to do so, because patients with factor
VIII inhibitor may have catastrophic bleeding, and
patients with the lupus anticoagulant may develop
serious thrombosis. As a result, the treatment for
these two entities is completely the opposite- The
challenge arises because the presence of a fac-
tor VIII inhibitor can produce a false-positive test
for the lupus anticoagulant; and the presence ofa
lupus anticoagulant can result in a low factor VII
level in the test for coagulation factor VIII i'n the
laboratory. One way to attempt to different.lalt"ﬂ
lupus anticoagulant from a factor VIII inhibitor is
to perform assays for coagulation factors VI, _lX.
XI, and XII. These are all PTT-related coagulation
factor assays, and as noted previously, the lupus
anticoagulant in the vast majority of cases prolongs
the PTT and not the PT. The assays for coagulation
factors should be performed at multiple plas_ma
dilutions to assess for the presence of a coagulation
factor inhibitor. When a lupus anticoagulant is pres
ent, an inhibitor is detected in more than one of
the four PTT-related coagulation factor assays
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and the factors that are lowered are decreased
approximately to the same extent by this inhibi-
tor. On the other hand, factor VIII inhibitors typi-
cally result in a markedly low value only for factor
VIII, with higher values for factors IX, XI, and XIIL.
Some patients with a factor VIII inhibitor will have
a negative test for a lupus anticoagulant. When this
situation arises, it is much easier to differentiate the
patient with a factor VII inhibitor from one with
the lupus anticoagulant.

CONTROVERSIES

It is still not well established whether it is advisable to
evaluate a patient for antiphospholipid antibodies using
both anticardiolipin antibody tests and anti-beta-2 gly-
coprotein I antibody tests. These are both enzyme-
linked immunoassay tests in which an antibody
from the patient binds to the protein beta-2 gly-
coprotein I. The assays are constructed somewhat
differently, and for that reason there is a concern
that an antibody might be detected using one assay
but not the other. Generally speaking, if there is a
high suspicion for an antiphospholipid antibody
in a patient with a negative test for the lupus anti-
coagulant, tests for anticardiolipin antibodies and
anti-beta-2 glycoprotein I antibodies might both
be ordered in an effort to detect antiphospholipid
antibodies. Enthusiasm is decreasing at the present
time for the use of anticardiolipin antibody tests.

STANDARDS OF CARE

The assessment of a patient for the presence of
antiphospholipid antibodies should include a cor-
rectly performed screening test and a phospholipid-
dependent lupus anticoagulant test if the screening
test is positive, as well as assays for lgG and
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IgM anticardiolipin or anti-beta-2 glycoprotein |
antibodies.

A lupus anticoagulant must be clearly differenti-
ated from a factor VIII inhibitor.

Patients with a lupus anticoagulant alone should
not be presumed to have the disease lupus or tosaf-
fer from a bleeding predisposition.

EVALUATION FOR VON WILLEBRAND DISEASE

The diagnosis of von Willebrand disease is typically
initiated with a request for tests for von Willebrand fac-
tor antigen, ristocetin cofactor, and factor VIII. Patients
can significantly elevate their values for these asslayS
above their true baseline levels with even a mild stin*
ulation of the acute-phase response. As a result, many
patients who have a von Willebrand factor level or i
tocetin cofactor level consistent with von Willebrand
disease are misdiagnosed as being free from the disease
because their values were elevated as part of the acute-
phase response at the time they were studied. Repeat
testing in the absence of all stimuli to the acute-th"Se
response is absolutely essential, and this may requi™
several evaluations of the patient to confidently deter
mine whether a patient has von Willebrand disease:

TEST ORDERING MISTAKES

Ordering a von Willebrand multimer analysis to fur!ht'F
evaluate a patient whose results for von Willebrand fic
tor antigen, ristocetin cofactor, and factor VIII strongly
indicate the presence of type 1 von Willebrand disensé:
Most patients with von Willebrand disease have
type 1. Therefore, unless there is a reason from the
results of the initial tests for von Willebrand factor:
ristocetin cofactor, and factor VIII to suspect a von
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Willebrand type other than type 1, it is unnecessary
to test for von Willebrand multimers.

Not ordering a complete von Willebrand panel, which
minimally consists of tests for von Willebrand factor
antigen and ristocetin cofactor. The inclusion of factor
VIII is often informative and considered necessary
by many in the initial screening for von Willebrand
disease. The test for ristocetin cofactor shows
much analytical variability and is time-consuming.
Because of this, for cases requiring a rapid indica-
tion of the presence or absence of von Willebrand
disease, a von Willebrand factor antigen test may
be useful as an initial assessment of the disease.
However, final conclusions regarding a diagnosis
of von Willebrand disease should be made using
the results from von Willebrand factor antigen and
ristocetin cofactor, and factor VIII if it is performed.

MISTAKES IN RESULT INTERPRETATION

Failing to understand that von Willebrand factor, as
measured by von Willebrand factor antigen and as ris-
tocetin cofactor, increases in the presence of an acute-
phase response. Therefore, patients suffering from
infections, patients who have been injured, and
those affected by other stimuli of the acute-phase
response can experience an increase of 2- to 3-fold
over baseline of both von Willebrand factor antigen
and ristocetin cofactor. This can result in the incor-
rect conclusion that a patient with a von Willebrand
factor baseline level well below normal is com-
pletely free of von Willebrand disease.

Failing to understand that the reference range for von
Willebrand factor antigen in children less than six
months of age is higher than the reference range for this
protein in individuals older than six months. Therefore,
a value that might be normal for someone older
than six months could be low for a child younger
than six months. Because of this, children should
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be evaluated for von Willebrand disease using an
appropriate age-adjusted reference range.

CONTROVERSIES

The threshold for von Willebrand factor antigen and ris-
tocetin cofactor, belowwhich a diagnosis of von Willebrand
disease is rendered, remains controversial. The trend
has been to use increasingly lower thresholds to
establish the diagnosis of this disease. Guidelines
driven by opinion experts are emerging, but there
is significant controversy about them because 50
many patients above a threshold recommended for
diagnosis of von Willebrand disease clearly havea
bleeding disorder that is decreased by elevation of
von Willebrand factor with DDAVP. These patients
do not formally qualify for a diagnosis.

A major confounding variable in the establisl‘tmf?nt
of a reference range for von Willebrand disease using
von Willebrand factor or ristocetin cofactor is that the
blood type of the patient greatly influences the amount
of von Willebrand factor. Patients with blood group 0
have approximately 74% of the normal amount of von
Willebrand factor, and patients with type AB blood
have as much as 125% of the normal amount of von
Willebrand factor. Patients with type A or type B have
mean values between 74% and 125%, with type B
patients being higher than patients with type A. The
general consensus at this point appears to consider
bleeding risk based on the absolute amount of vo?
Willebrand factor and ristocetin cofactor, independ'
ent of the blood type. As a result, patients with typ
O blood require a modest decrease in von Willebrﬂﬂd
factor or ristocetin cofactor from their mean value ©
74% to receive a diagnosis of von Willebrand diseas®
This is in contrast to the patient with type AB blood
who requires a major decrease from 125%, to achieve?
diagnosis of von Willebrand disease,
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STANDARDS OF CARE

The appropriate testing to initially evaluate a
patient for von Willebrand disease includes von
Willebrand factor antigen and ristocetin cofactor
minimally, with factor VIII commonly included in
the initial testing.

Normal values for von Willebrand factor antigen
and ristocetin cofactor in a bleeding patient sus-
pected of von Willebrand disease should be con-
sidered as possibly elevated from an acute-phase
stimulus. Repeat testing for the disease should be
performed to confirm or deny the presence of this
disorder if there is reason to be suspicious of an
acute phase response.

Despite variations in von Willebrand factor antigen
and ristocetin cofactor with blood type, the thresh-
old for diagnosis of von Willebrand disease is com-
monly made without consideration of the patient’s
blood type.

Age-adjusted reference ranges must be used in the
diagnosis of von Willebrand disease.

EVALUATION FOR A COAGULATION FACTOR
VIl INHIBITOR

The presence of a factor VIII inhibitor can lead to major
bleeding. The identification of the inhibitor, which
requires its differentiation from the lupus anticoagu-
lant and its subsequent quantitation in Bethesda units,
is essential to identifying and correctly managing the
patient with a factor VIII inhibitor. The test for the fac-
tor VIII inhibitor is one of the most complex assays per-
formed in the clinical laboratory. It should be performed
only in cases in which there is significant evidence from
a PTT mixing study and a factor VIII assay (as detailed
under Test Ordering Mistakes which follows) that a
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factor VIII inhibitor is present. The treatment options
for a factor VIII inhibitor are all extremely expensive
(cases have been reported in which hundreds of thou-
sands of dollars have been spent on a single patient),
and they all present a measurable thrombotic risk
Thus, it is possible to convert a bleeding patient witha
factor VIII inhibitor into one with a catastrophic throm-
bosis. The treatment selected is significantly influenced
by the Bethesda unit value. Therefore, the accurate
measurement of antibodies to factor VIII is important
because it guides the appropriate use of highly expen
sive and potentially thrombotic compounds.

TEST ORDERING MISTAKES

Requesting quantitation of the antibody to factor Vi
Bethesda units when there is no evidence from the P11
mixing study or the factor VIII level to suspect an anit-
body to factor VIII. The PTT mixing study shows 2
classic response in patients with a factor VIII inhibi-
tor. The PTT of the mixed plasma initially corrects
into the reference range or shortens signiﬁcanﬂ‘)i’
toward normal, but as the mixed plasma is allowe
to incubate at 37°C for up to 1 to 2 hours, the P
increases. The antibody to factor VIII requires tme
in the mixed plasma to bind and neutralize the fac-
tor VIII, and thereby produce this result in the 1V
ing study (initial correction which fades) suggestie
of a factor VIII inhibitor. The PTT increase over
incubation time in the mixing study with norma
plasma is approximately reflective of the strengt
of the inhibitor in Bethesda units.

MISTAKES IN RESULT INTERPRETATION

Incorrectly identifying a lupus anticoagulant, present
in 3% to 5% of healthy individuals, as a much 47
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factor VII inhibitor, and conversely mistaking a rare
factor VIII inhibitor as a lupus anticoagulant. This
situation is presented in significant detail on pages
102-103 on antiphospholipid antibodies under the
“Mistakes in Result Interpretation” section.
Treating a patient with a factor VIII inhibitor with
factor VIII concentrate when the Bethesda unit level
indicates that there is too much anti—factor VIII
antibody for the concentrate to be effective. Bethesda
unit values above 4 to 10 (published studies show
different thresholds within this range) should
indicate a need to use a product other than fac-
tor VIII concentrate to treat bleeding. Commonly
used treatments for such patients include recom-
binant factor VIla and prothrombin complex con-
centrates. It is useful to note that in most patients
with a factor VIII inhibitor, each additional
Bethesda unit decreases the amount of factor VIII
by approximately 50%. Therefore, only seven
Bethesda units can decrease a value of 100% fac-
tor VIII to: 50% (1), 25% (2), 12.5% (3), 6.25% (4),
3.12% (5), 1.66% (6), and 0.8% (7). Many patients
with factor VIII inhibitors have values above
seven Bethesda units.

STANDARDS OF CARE

The highly complex and expensive test for quantita-
tion of the antibody to factor VIII in Bethesda units
should not be ordered unless there is evidence from
the PTT mixing study or the factor VIII level to sus-
pect an antibody to factor VIIL.

A factor VIII inhibitor and a lupus anticoagulant
should be clearly differentiated, using the appropri-
ate laboratory tests.

The treatment option selected for a patient with
a factor VIII inhibitor should be appropriate for
the number of Bethesda units quantitated in the
assay.
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EVALUATION FOR THROMBOCYTOPENIA THAT I§
NOT ASSOCIATED WITH HEPARIN EXPOSURE

Errors associated with spuriously high or low platelet
counts are commonly observed in the clinical labora-
tory. One of the most common causes of a spuriously
low platelet count results from a problem of insuffi-
cient mixing at the time of blood collection. This can
occur when the blood in the tube is not gently agitated
back and forth several times to mix the dried EDTA
anticoagulant in the tube with the blood. In some cases,
the laboratory can identify a platelet count as spurious
by further analysis before it is reported. However, I
other situations, the physician needs to have a high
level of suspicion that a platelet count, which is sig
nificantly different from recent platelet counts on tl}e
same patient, is spurious, to avoid a misdiagnoss.
Laboratory testing can be performed to identify a lir.n-
ited number of causes for a true thrombocytopena
Such laboratory tests, however, are often present only
in large clinical laboratories. Examples of these assays
are the ADAMTS 13 assays for thrombotic thrombocy-
topenic purpura (TTP) and drug-induced thrombocy-
topenia assays for heparin and compounds other than
heparin.

TEST ORDERING MISTAKES

Not considering a medication recently initiated for 4

patient as a cause for thrombocytopenia. There are
many medications that are associated with the
development of thrombocytopenia. Although
uncommonly performed, assays are available to
assess for drug-induced thrombocytopenia for com-
pounds other than heparin. A positive test in such
an assay provides at least a tentative diagnosis for
drug-induced thrombocytopenia associated Wi

that drug. A confirmed diagnosis can be established
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if the platelet count recovers after discontinuation
of the suspected medication.

Ordering a test for antiplatelet antibodies by flow cytom-
etry or other method in the diagnostic evaluation for
immue thrombocytopenia (ITP). Although such test-
ing is available, it has minimal clinical utility in this
setting.

MISTAKES IN RESULT INTERPRETATION

Overlooking platelet clumping induced by EDTA in a
purple top Vacutainer containing EDTA as an antico-
agulant. Such platelet clumping leads to a diagnosis
of “pseudo-thrombocytopenia” because the plate-
let count is not decreased in the patient, only in
the blood sample. A review of a blood smear made
with a sample of whole blood from such a patient
would reveal platelet clumps to suggest a diagnosis
of pseudo-thrombocytopenia. Collection of blood
for a platelet count into a tube with citrate and no
EDTA confirms the diagnosis if the platelet count
is normal.

Failing to review and act upon an extremely low plate-
let count in a timely fashion. Platelet counts that are
especially low, particularly those less than 10,000
per microliter, can be associated with spontaneous
bleeding and produce significantly adverse clini-
cal outcomes. A very low platelet count is typically
regarded as a critical value requiring immediate
notification of a caregiver.

Failing to recognize a low platelet count as attributable
to TTP as a possible diagnosis. TTP is a rare but life-
threatening condition. If a patient suffering from
TTP is treated by apheresis, the mortality from this
disorder decreases dramatically. A constellation of
laboratory and clinical findings provides a relative
likelihood for a diagnosis of TTP. At the current
time, assays for the enzyme activity (ADAMTS 13)
deficient in patients with TTP are being performed
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in a limited number of clinical laboratorie.
Despite the low incidence of this disorder, the
potentially devastating clinical consequences of a
missed diagnosis of TTP and the expense andinve-
siveness of apheresis have all promoted the rapid
development of ADAMTS 13 assays that can be
performed without especially sophisticated labo-
ratory equipment.

Assuming that thrombocytopenia from all causes &
effectively treated with transfusion of platelet concen-
trates. Platelet transfusions given to patients with
this disorder, for example, can result in thrombosis |
that is associated with significant morbidity and
mortality.

OTHER MISTAKES

The failure of the laboratory to recognize platelet clumps
or clots containing platelets, in the collection tube 57
result of inadequate sample mixing with the anticosgic
lant in the tube at the time of collection, when it is p&
sible to do so. In many cases, the platelet clumps a®
too small to be recognized visually by the technolo-
gist in the laboratory. Platelet clumping in the col-
lection tube can significantly lower than the platelé!
count when it is quantitated in a cell counter. Insuch
cases, it may be difficult for a treating physician ©
know that a low platelet count is artifactual an
that it is decreased as a result of inadequate mixing
of blood and anticoagulant by the person collecting
the blood sample. Comparing platelet counts over
time, if they are available, can raise the suspiciot
that a single low platelet count is spurious and not
reflective of the patient’s true condition,
Mistaking particulate matter or microorganiss fur
platelets in a blood sample analyzed in an qutomate
blood cell counter. In some cases, a presumably high
platelet count can be further evaluated immedi®
ately in the laboratory by review of the raw dat?
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from the cell counter to show that particles or
microorganisms roughly the same size and density
of platelets are being mistaken as platelets. In other
cases, however, when it is impossible for the labora-
tory to convincingly demonstrate that an artifactu-
ally high platelet count is spurious, the physician
needs to be suspicious that an elevated platelet
count is not truly present.

STANDARDS OF CARE

The platelet count should be monitored in patients
being treated with medications that can lead to
thrombocytopenia. The prototype drug in this
category is heparin, but other pharmaceuti-
cal compounds can also lead to drug-induced
thrombocytopenia.

Platelet clumping induced by EDTA in a purple top
collection tube containing EDTA as an anticoagu-
Jant should be an early consideration in a patient
with a low platelet count and no other obvious
explanation.

Extremely low platelet counts, especially those
below 10,000 per microliter, represent critical values
and require immediate attention.

TTP should be considered as a possible diagnosis
when thrombocytopenia and the appropriate con-
stellation of clinical and laboratory parameters are
present. Prompt institution of apheresis for cases
with a high likelihood for TTP is essential.

Platelet concentrates are not indicated as a treat-
ment for thrombocytopenia from all causes. In
fact, platelet concentrates may be contraindi-
cated for certain causes of thrombocytopenia,
such as HIT.

The laboratory should attempt to recognize plate-
let clumps in the collection tube as a result of inad-
equate sample mixing with the anticoagulant in the
tube at the time of collection, realizing that this is
possible only if the clumps are large.
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EVALUATION FOR PLATELET DYSFUNCTION
IN THE PRESENCE OR ABSENCE OF
ANTIPLATELET AGENTS

Assessment of platelet function in clinical laboratories
has been performed for many decades using platelet
rich plasma and an assortment of platelet agonists,
including collagen, arachidonate, ADP, epinephrine,
and ristocetin. Performance of this test is associated
with many potential analytical errors that must be
avoided to provide the most interpretable result for
platelet function. Platelet function can also be assessed
using whole blood, with the determination of both
platelet aggregation and platelet granule release.
Markedly abnormal responses to multiple agonists.al'e
likely to indicate abnormal platelet function in Vive-
However, predictability of bleeding risk in a patient
with minor reductions in platelet activity, particularly
with a weak platelet agonist like epinephrine, is highly
uncertain.

Recently, new assays have been introduced l?
offer an assessment of platelets for aspirin and clopr-
dogrel (Plavix) resistance. Platelet function can ﬂf’“’
be evaluated using several different methodologies
Platelet aggregation is now performed not only ©
assess baseline platelet function but also to determine
if an antiplatelet medication has produced the desire
platelet inhibition. In this situation, a desired respons
is often poor platelet function because it implies that
the antiplatelet medication is effective.

TEST ORDERING MISTAKES

Performing tests for baseline platelet function, when lllu‘
patient has purposely or inadvertently ingested aspirit
or other antiplatelet medication before testing. Aspirin
is included in a number of over-the-counter prep”
arations that do not have the word aspirin in the
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name. In addition, a number of aspirin preparations
have names that do not suggest that the pill or cap-
sule is indeed aspirin. Because of this, patients can
inadvertently ingest aspirin and report no aspirin
ingestion. In this situation, platelet dysfunction will
be observed as a result of the antiplatelet medica-
tion and obscure any endogenous abnormalities
that might be present and detectable. If aspirin has
been avoided for five to seven days, most of the
decreased platelet function should be restored. If
aspirin has been avoided for 10 to 14 days, in the
absence of other variables, platelet function should
be fully restored. Recent ingestion of clopidogrel
will also result in abnormal platelet function if the
patient effectively converts the oral prodrug into
the active antiplatelet medication. Platelet function
returns to normal approximately seven days after
the last dose of clopidogrel.

Use of the template bleeding time to assess platelet func-
tion. This test is associated with many variables, and
currently, it is rarely used to assess the adequacy of
platelet function. In particular, it has been shown to
be a poorly predictive test for platelet function in
the patient anticipating surgery.

MISTAKES IN RESULT INTERPRETATION

Concluding that any reduction in platelet function is
associated with an increased risk for bleeding. In a stand-
ard platelet-rich plasma-based platelet aggregation
study, for example, the clinical significance of a
mildly decreased response to epinephrine is highly
uncertain, Minor abnormalities may or may not be
associated with an increased risk for bleeding.

Failing to consider the potential antiplatelet effect of
medications taken by a patient being evaluated for plate-
let function. A careful review of the adverse effect of
many pharmaceutical compounds, as well as herbal
medicines, indicates that an impairment in platelet
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function can occur in some percentage of patients
taking these drugs. If possible, repeat testing for
platelet function in the absence of a drug suspected
to be responsible for platelet dysfunction is likely to
be informative.

OTHER MISTAKES

The failure of the Inboratory to appropriately perform the
test for platelet aggregation using platelet-rich plasma.
Technical variables that can produce false results
(positive or negative) include the following: allow-
ing the sample of platelet-rich plasma to sit too
long before a platelet agonist is added; cooling
the platelet-rich plasma before the addition of the
platelet agonist; addition of the platelet agonist to
the wall of the tube containing platelet-rich plasma
in such a way that the agonist never fully mixes
with the platelet suspension; contamination of the
platelet-rich plasma with red blood cells that donot
clump in the presence of the platelet agonist and
obscure the platelet response; and not assessing
the activity of platelet agonists with normal donor
platelets as controls when the platelet aggregation
responses of the patient are reduced.

CONTROVERSIES

There is growing evidence to support the use of phar-
macogenomic testing for CYP2C19. This cytochrome
system metabolizes clopidogrel from an oral pro-
drug to an active platelet antagonist. Patients with
decreased function of CYP2C19 are poor respond-
ers to clopidogrel and suffer an increased frequency
of thrombotic events.

A particularly significant controversy relates to
the concept of aspirin sensitivity testing. There are
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several diagnostic platforms in use to assess the
sensitivity of platelets to aspirin. The lack of a con-
sensus-driven guideline for aspirin resistance testing
is explained by several factors. One is that a single
sample of platelets tested on the multiple available
diagnostic platforms for aspirin sensitivity is likely to
produce mixed results, with some assays suggesting
thatapatient’s platelets are aspirin sensitive and other
assays suggesting that the platelets are aspirin resist-
ant. Itis impossible to know which test result reflects
the true response of the platelets to aspirin in vivo. A
second factor is that there is no universally accepted
definition of aspirin resistance. A third issue is that
apparent aspirin resistance in many patients taking
81 mg of aspirin daily is overcome by simply increas-
ing the dose to 325 mg daily. These patients appear to
be aspirinresistant only at a lower aspirin dose. There
is one circumstance that has been widely accepted
to produce aspirin resistance. It has been shown
that ingestion of a nonsteroidal anti-inflammatory
drug, such as ibuprofen, shortly preceding aspirin
ingestion can prevent the permanent antiplatelet
effect induced by aspirin. Platelets can recover ade-
quate function after exposure to a nonsteroidal anti-
inflammatory drug, usually within 24 hours after
the drug has been taken. Therefore, aspirin-treated
platelets that have been previously exposed to a
nonsteroidal anti-inflammatory drug are commonly
found to be aspirin resistant because they recover
platelet function after exposure to aspirin.

STANDARDS OF CARE

When performing a test for platelet function to
assess bleeding risk in the absence of antiplatelet
medications, it is necessary for the patient to have
avoided aspirin and clopidogrel for, ideally, at
least 7 to 10 days before testing. Nonsteroidal anti-
inflammatory drugs (NSAIDs) should be avoided
for at least 24 hours.
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It is necessary to take a complete history of
prescription and nonprescription medications
before platelet function testing, to accurately deter-
mine if any platelet function defect is a result of
inadvertent ingestion of an antiplatelet medication,
most commonly aspirin.

Use of the template bleeding time to assess platelet
function has been widely abandoned and should
not be used to evaluate bleeding risk.

A mild reduction in platelet aggregation, as an iso-
lated laboratory finding, should not be considered
as a definite risk factor for bleeding.

The potential antiplatelet effect of all medications,
not just known antiplatelet drugs, being taken by
patient who is evaluated for platelet function must
always be considered in the interpretation of plate-
let function tests.

The clinical laboratory must meticulously perform
the test for platelet aggregation using platelet-rich
plasma to avoid introducing technical variables that
can produce false results.
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CHAPTER 3
Hematology and
Immunology
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HEMATOLOGY

PREANALYTICAL ERRORS

Improper collection andfor handling can lead to significant
errors in hematology results. Hematology tests are sen-
sitive to errors in specimen collection and handling.
Samples collected for complete blood counts (CBCs)
and peripheral blood smears should be collected from
a peripheral vein, when possible, and transferred into
an ethylenediaminetetraacetic acid (EDTA; lavender
top) tube, following standard collection protocols, and
processed in a timely fashion.

STANDARDS OF CARE

Two patient identifiers should be confirmed before
phlebotomy to ensure that the blood is being drawn
from the correct patient. Tubes should be promptly
labeled before drawing blood from a subsequent
patient. Delta checks should be used in the labo-
ratory to identify potential patient identification

errors.
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For CBC testing, blood should be drawn into an
EDTA (lavender top) tube. The tube must be com-
pletely filled to ensure that the EDTA concentration
is within normal limits. The blood should be wel
mixed after collection into the tube to prevent clot
formation and transported to the laboratory ina
timely fashion.

If a patient is receiving intravenous fluids, blood
samples should be drawn from the opposite arm
and from a peripheral vein, whenever possible. If
the same arm must be used, the blood should‘be
drawn from a site distal to the intravenous line
insertion site.

Specimens sent for CBC measurements should be
carefully scrutinized in the laboratory for v.is_ual
changes. They should be rejected if there are v151§le
clots or if there is discernible hemolysis or lipenia.
The quality of a peripheral blood smear should be
taken into consideration when evaluating bl
cell morphology. Smears that are too thick, poorly
smeared, or air dried can have red cell artifacts.
These possibilities should be considered before
reporting significant abnormalities in red blood
cell (RBC) morphology.

HEMATOLOGY: RED BLOOD CELLS

ERRORS IN THE EVALUATION OF
RBC MORPHOLOGY

RBC morphology, although very yseful d,'nguostimﬂjl,
should not be relied on as a sole diagnostic indicator for
any condition. RBCs have a biconcave shape that leads
to a typical appearance on peripheral blood smear
examination—round cells with centra] clearing f pal-
lor that occupies approximately one third of the cell
diameter. Variations in the shape of RBCs, so-called
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poikilocytosis, can occur in a number of clinical
conditions, and, therefore, review of RBC morphol-
ogy is an important diagnostic procedure. Many RBC
morphology changes can be nonspecific, and their
diagnostic value is dependent on the quality of the
peripheral smear.

STANDARDS OF CARE

Peripheral blood smears should be made by an
automated slide maker stainer, if possible, to ensure
that smears are consistently well made and stained.
If smears must be prepared manually, the persons
preparing the smears should be subjected to rigor-
ous training and appropriate quality control should
be performed, because the ability to interpret the
smear depends on its quality.

Specific red cell morphologies should be reported
as present using strict and specific criteria. For
example, schistocytes should have sharp edges and
angles with no central pallor, and target cells and
echinocytes should be widely distributed on the
smears rather than concentrated on a single part of
the smear.

ERRORS IN THE DIAGNOSIS OF ANEMIA

One RBC disorder may be masked by the presence of another
leading to misdiagnosis. Anemia is indicated by low
hemoglobin and/or hematocrit and is categorized l?y
mean cel] yolume (MCV) as microcytic, normocyetic,
or macrocytic. Distinguishing among causes of micro-
cytic anemia is a common clinical problem. The dif-
ferential diagnosis of microcytic anemia includes iron

eficiency, anemia of chronic disease, and selected
hernOglobinopathjes, including thalassemia. These

iagnoses can often be distinguished by a careful
€Xamination of the peripheral blood smear and exami-
Nation of other RBC indices, including the RBC count,
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red cell distribution width (RDW), and reticulocyte
hemoglobin (RetHe), among others. Diagnosis of iron
deficiency anemia requires iron studies, including
serum iron, total iron-binding capacity (TIBC), trans-
ferrin saturation (TSAT), and ferritin, the last of which
is the most sensitive indicator. Distinguishing the
causes of microcytic anemia can be complicated when
there are two or more different disorders at the same
time, often leading to incorrect diagnoses.

STANDARDS OF CARE

The diagnosis of microcytic anemia should always
include careful inspection of the peripheral blood
smear and RBC indices, particularly the Mentzer
index (MCV/RBC) to determine if thalassemia of
other hemoglobinopathy should be considered in
the differential diagnosis.

Complete iron studies, including serum iron, TIBC,
TSAT, and ferritin, should always be performed to
confirm a presumptive diagnosis of iron deficiency
as well as to establish a baseline for determining
the efficacy of oral iron therapy. Although ferritinis
the most sensitive indicator of iron deficiency, one
should not rely on ferritin alone, as it can be falsely
elevated in inflammatory states. RetHe should be
reviewed when it is difficult to distinguish between
iron deficiency and anemia of chronic disease.

If microcytic anemia persists after appropriate
oral iron supplementation, the patient should be
screened for a hemoglobinopathy. This js especiall)’
important in immigrants from areas with a high inci
dence of hemoglobin mutations who may not have
received newborn screening for these disorders.

If hemoglobin S is less than 33% in a patient with
sickle cell trait, a search for an additional cause of
anemia, such as iron deficiency or alpha-thalas-
semia, must be initiated.

In a patient with anemia and high suspicion of
nutritional deficiency, a normal MCVY should
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prompt examination of iron, vitamin B ,, and folate
studies to rule out combined deficiencies of these
dietary components.

ERRORS IN INTERPRETATION OF
RETICULOCYTE COUNT

Polentinl errors in interpreting reticulocyte counts.
Reticulocytes are immature anucleate RBCs that circu-
late in the peripheral blood. The number of circulating
reticulocytes is indicative of underlying erythropoiesis;
that is, when erythropoiesis is stimulated, the number
of circulating reticulocytes increases. Thus, the reticu-
locyte count can be used to differentiate anemias that
are a result of RBC loss or destruction from anemias
that are due to failure of marrow erythropoiesis.

STANDARD OF CARE

Absolute reticulocyte counts are preferable to retic-
ulocyte percentages, when they are available. If
percentages are used, they should be corrected for
the degree of anemia, using the equation for the cor-
rected reticulocyte count.

HEMATOLOGY: WHITE BLOOD CELLS

ERRORS IN THE EVALUATION
OF GRANULOCYTIC LEUKOCYTOSIS

Failure to take care to recognize the features of granulocytic
leukocytosis, resulting in an incorrect diagnosis andfor an
inappropriate therapy. Granulocytic leukocytosis is an
abnormality characterized by an elevated white blood
cell (WBC) count in which the increase is predomi-
nantly due to increased granulocytes. These are usually
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neutrophils and precursors, but increased eosinophils
may also be present. These findings may be accompa-
nied by a “left shift,” an increase in circulating neutro-
phil precursors, such as bands and metamyelocytes.
Marked granulocytic leukocytosis with a left shift is
often called a leukemoid reaction. These findings are
a common reactive response to bacterial infections and
physiologic stress. Similarly, eosinophilia can be caused
be parasitic infections or allergic reactions. Both may
occur in response to certain medications. However,
similar findings are seen in neoplastic disorders, suchas
chronic myelogenous leukemia (CML) or eosinophilic
leukemia. When a “left shift” is accompanied by nucle-
ated RBCs, the pattern is called a leukoerythroblastic
reaction and may indicate a space-filling or myelo-
phthisic lesion, such as fibrosis or metastatic carcinoma.

STANDARDS OF CARE

A peripheral blood smear review should be per-
formed for CBCs with leukocyte counts great than
50 x 10*/pL or with automated WBC differential
results indicating the presence of greater than 2%
immature granulocytes. Particular attention shoud
be paid to the distribution of immature cells and the
presence of increased atypical basophils and blasts.
When analyzing CBC results, care should be taken
to look for characteristics that are unusual for reac-
tive neutrophilic leukocytosis before establishing
this diagnosis. These may include anemia, throm-
bocytopenia or marked thrombocytosis, and baso-
philia, which could point to neoplastic disorders-
There should be a low threshold for ordering a kar-
yotype or fluorescence in situ hybridization (FISH)
for BCR/ABL1 on peripheral blood in a patient with
neutrophilic leukocytosis. The presence of #(922) by
either of these techniques is diagnostic of CML-
FISH testing for translocations involving PD FRA
and PDGFRB should be performed for any patient
who meets the criteria of hypereosinophilic
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syndrome, such as unexplained eosinophilia greater
than 1,500/pL, especially if there is evidence of
eosinophil-mediated organ damage.

ERRORS IN THE EVALUATION OF
LYMPHOCYTIC LEUKOCYTOSIS

Failure to pay careful attention to clinical history and
peripheral blood smear morphology, and selective use of
ancillary tests, such as flow cytometry, when trying to dis-
tinguish between infectious/inflammatory conditions and
malignant disorders. Lymphocytic leukocytosis is a nor-
mal reaction to a host of infectious (particularly viral or
mycobacterial) and inflammatory conditions. Reactive
lymphocytosis is often accompanied by a variety of
changes in lymphocyte morphology. In addition, the
number and morphology of lymphocytes vary with
the patient’s age. It is sometimes a challenge to distin-
guish these physiologic changes from those associated
with chronic or acute lymphocytic leukemias.

STANDARDS OF CARE

Absolute lymphocytosis should prompt manual
review of the peripheral blood smear to help distin-
guish a reactive from a neoplastic process. Particular
care should be taken in young children, in whom
normal immature lymphocytes may circulate.

The differential diagnosis of atypical lymphocyto-
sis should always include reactive and infectious
conditions, such as pertussis, ehrlichiosis, and
infectious mononucleosis. These conditions should
be ruled out by a careful clinical history, physical
examination, and appropriate laboratory tegting
Prior to a diagnosis of or referral for leukemia or
lymphoma.

In difficult cases, flow cytometry should be used to
help distinguish reactive lymphocytosis from leu-

emia or lymphoma.
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ERRORS IN THE DIAGNOSIS OF
MYELODYSPLASIA

Failure to accurately distinguish true myelodysplstic
syndrome (MDS) from its morphologic mimics. MDSisa
clonal neoplasm of myeloid precursors characterized
by peripheral cytopenias of myeloid, erythroid, and/or
platelet lineages due to ineffective hematopoiesis. This
leads to cytopenia-associated complications, including
susceptibility to infection, anemia, and bleeding diath
esis. Additionally, there is increased risk for the devel
opment of acute myeloid leukemia. Because periphera']
blood and/or bone marrow elements generally exhibi
morphologic dysplasia, diagnosis of MDS relies heav-
ily on morphologic examination of peripheral bl
and bone marrow aspirate smears. However, dyspi®
sia is not a specific finding. It can be seen in a number
of other disorders that exhibit clinical and laboratory
findings similar to those of MDS, but for which the
treatment and prognosis are much less severe.

STANDARDS OF CARE

A complete nutritional study should be perforrn(‘-ld
when investigating any new-onset macrocyi¢
anemia. These studies should include tests ff
vitamin B, serum and RBC folate, copper, an

zinc. RBC folate levels should be obtained beforé
RBC transfusion.

Bone marrow biopsy should be avoided if there &
evidence of nutritional deficiency. If 3 bone marto¥
biopsy is performed, it is important to recognizé
that nutritional deficiencies can cayge profoul

morphologic dysplasia. Thus, these findings should
not be used as sole evidence of MDS, In, fact, cytog®”
netic abnormalities may transiently be present du¢
to B,, or folate deficiency as well.

Morphologic dysplasia, such as Pelger-Huet cells,
can be caused by a number of condjgons othe’
than MDS. Thus, one should rule oyt jnherited:
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infectious, inflammatory, and nutritional causes
before rendering a definitive diagnosis of MDS.
MDS is almost always associated with one or more
cytopenias. Caution should be exercised in the
evaluation for MDS if the patient has a normal or
near-normal CBC. In many cases, a repeat CBC after
a period of time should be performed before pro-
ceeding with an invasive procedure such as a bone
marrow biopsy.

HEMATOLOGY: PLATELETS

. ERRORS IN THE EVALUATION OF
THROMBOCYTOPENIA

Failure to recognize spurious causes of thrombocytopenia.
The differential diagnosis of thrombocytopenia is
broad and can involve defects in both bone marrow
production of platelets and peripheral destruction or
consumption of platelets. In either case, thrombocyto-
penia can indicate a significant bleeding risk and may
be a marker of a serious underlying disorder. For these
reasons, an accurate platelet count is crucial to clini-
cal decision making. However, spuriously low plate-
let counts occur due to both technical and physiologic
causes. It is important to recognize spurious causes of
thrombocytopenia and rule them out by careful evalu-
ation of a peripheral blood smear to prevent unneces-
sary procedures and incorrect diagnoses.

STANDARDS OF CARE

Any new finding of thrombocytopenia should be
evaluated by review of the peripheral blood smear.
This will help rule out various artifacts, includ-
ing platelet clumping and platelet satellitosis,
which falsely reduce platelet counts produced by
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automated hematology analyzers. Review of the
blood smear will also alert the physician to the pres-
ence of large platelets.

Platelet indices, including mean platelet volume
(MPV) and the immature platelet fraction (IPF)
should be used in conjunction with the platelet
count to help determine whether thrombocytope-
nia is related to production defects or peripheral
destruction. It can also help distinguish immure
thrombocytopenia (ITP) from less common con-
genital disorders.

Patients with macrothrombocytopenia that shows
uniformity in platelet size should be evaluated witha
thorough personal and family history to evaluate for
the possibility of a MYH9-related platelet disorder.

ERRORS IN THE EVALUATION OF
THROMBOCYTOSIS

Failure to rule out all other causes of thrombocyloss
prior to making a diagnosis of myeloproliferative disease.
Thrombocytosis may be the first sign of a myelopr®
liferative disease, such as essential thrombocythemid
or primary myelofibrosis, in an as yet asymptomaﬁf
patient. However, platelet counts can be elevated in
many reactive conditions, including infection, trauma
surgery, and iron deficiency, among others. In addi
tion, platelet counts can be incorrectly presumed to
elevated when a source of small interfering fragments
approximately the size of a platelet are present in the
blood.

STANDARDS OF CARE

A peripheral blood smear should be reyiewed for
all patients with a new diagnosis of thrombocytOSiS
in order to confirm that the platelet count js likely 10
be correct, and to exclude possible spurious causs
of a high platelet count.
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Thrombocytosis in the presence of iron deficiency
should be considered reactive. Additional evalua-
tion for thrombocytosis should not be performed
unless the platelet count does not normalize with
iron therapy.

Other causes of reactive thrombocytosis should be
excluded before referring a patient for evaluation of
possible myeloproliferative disease.

An “abnormal platelet distribution” flag from a
hematology analyzer or a rapid, significant change
in platelet count should trigger a manual peripheral
blood smear review and platelet count estimate.

In situations where tumor lysis is a possibility, leu-
kocyte fragments should be excluded as a possible
cause of an inaccurate platelet count before any pro-
cedures are performed to evaluate the patient for
thrombocytosis.

IMMUNOLOGY: AUTOIMMUNE AND
COMPLEMENT TESTING

ERRORS IN THE INTERPRETATION OF
~ ANTINUCLEAR ANTIBODY TESTS

Failure to properly define the fluorescence pattern and titer
of antinuclear antibody (ANA). ANAs are autoantibod-
ies directed against antigens found in the nucleus
of many different cell types. These antigens include
double-stranded DNA (dsDNA), centromere proteins,
histones, topoisomerases, and constituents of the small
nuclear ribonucleoproteins (snRNPs), among others.
ANAs are most often detected in patients with auto-
immune collagen vascular diseases, including systemic
lupus erythematosus (SLE), systemic sclerosis, Sjogren
syndrome, inflammatory myopathies, and mixed con-
nective tissue disease, although they can be seen to
some degree in other disorders and occasional healthy



132 CLINICAL DIAGNOSTIC TESTS

patients. They are most commonly detected by indirect
fluorescence assay (IFA) using standardized cultured
human cells, such as Hep-2 cells. When positive, the
fluorescence appears as distinct patterns in the inter-
phase of mitotic cells, and these patterns correlate with
specific nuclear antigens and specific collagen vascu-
lar diseases. The most common patterns are smooth/
homogeneous, speckled, centromeric, and nucleolar,
although some laboratories recognize additional pat-
terns. Positive results are typically reported with the
pattern and a titer, which is the highest dilution of
serum at which fluorescence is detected. Properly rec-
ognizing and defining the fluorescence pattern and
titer are paramount and allow for further evaluation
for a patient with a specific autoimmune disease.
Positive ANAs are often followed by testing for
extractable nuclear antigens (ENAs), which represent the
specific antigens targeted by ANAs. Many ENAs have
been described, but most laboratories test for common
subsets that have particular disease associations, someof
which are listed in Table 3.1. ENA testing is typically per-
formed using an enzyme immunoassay (EIA) platform-

STANDARDS OF CARE

. ANA testing should be performed only in patients

for whom there is a high clinical suspicion of col-
lagen vascular disease based on defined diagn®
tic guidelines. It should not be used as a generd!
screening test. This approach will increase post
tive predictive values and decrease false-positivé
results.
Even when ordered appropriately, ANA results
must be interpreted in the proper clinjcal context
Diagnosis of collagen vascular disease should nt
be based on ANA testing alone, byt jn concert With
clinical findings and supportive radiographic 2"
laboratory testing.
Testing for specific ENAs should be restricted
patients known to have a positive ANA test.
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ERRORS IN THE INTERPRETATION OF THE
RHEUMATOID FACTOR TEST

Failure to interpret rheumatoid factor (RF) results in clini-
cal context or to rule out other associated diagnoses before
making a diagnosis of rhewmatoid arthritis (RA). RF is
often elevated in the plasma or serum of patients with
RA and has long been used as a tool in the diagnosis
of this disease. However, the RF test is not specific. It
can be elevated in a number of other conditions and
occasionally in healthy patients.

STANDARDS OF CARE

Serologic testing, whether using RF or anticycliccit:
rollinated peptide (anti-CCP), should be restricted
to cases with intermediate diagnostic probabilityby
history and physical examination.

The RF test should not be relied on as the sole sero-
logic test in the diagnosis of RA. Anticitrullinated
peptide antibody (ACPA) tests, such as anti-CCP,
which are more specific, should be utilized with or
instead of RF.

Positive RF tests should be interpreted carefully, as
positive results are common in patients with other
diseases, many of which have clinical features that
significantly overlap with those of RA. Thus, these
other disorders should be considered in the differ
ential diagnosis until ruled out.

ERRORS IN THE INTERPRETATION
OF ANTINEUTROPHIL CYTOPLASMIC
ANTIBODY TESTS

Serologic tests to defect vasculitides can be positive in
other, less severe nonvasculitic disorders and after expo-
sure to certain drugs, and, thus, can be misdiagnosed as
ANCA-associated vasculitides (AAVs). Antineutrophil
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cytoplasmic antibodies (ANCA) are autoantibodies
most commonly associated with a group of severe
systemic vasculitis syndromes, including Wegener’s
granulomatosis, Churg-Strauss syndrome, and micro-
scopic polyangiitis, collectively known as ANCA-
associated vasculitides (AAVs). The ANCA test is
performed by an indirect immunofluorescence test in
which patient serum is exposed to human neutrophils.
In a positive test, application of a secondary fluores-
cently tagged antihuman IgG antibody reveals cyto-
plasmic positivity on formalin-fixed neutrophils. In
ethanol-fixed neutrophils, one of two distinct patterns
will emerge. Using this methodology, persistent cyto-
plasmic positivity is referred to as c-ANCA, while a
perinuclear pattern is called p-ANCA. Autoantibodies
against a number of different antigens can be respon-
sible for ANCAs. However, the most common are
myeloperoxidase (MPO) in p-ANCA and proteinase 3
(PR3) in c-ANCA, both of which are detected by EIA.
Vasculitides are serious diseases with potentially high
morbidity and mortality, and, thus, early definitive
diagnosis is critical to effective therapy.

STANDARDS OF CARE

ANCA tests should be ordered only in the proper
clinical context; that is, when there is a high index
of suspicion for AAV based on clinical and labora-
tory findings.

Positive ANCA test results are nonspecific. Other
causes of positive ANCA tests include medications,
drugs, infections, and other nonvasculitic autoim-
mune diseases (eg, inflammatory bowel disease
or autoimmune hepatitis). These must be ruled
out before a diagnosis of AAV is rendered. This
approach will decrease the probability of inappro-
priate diagnosis and therapy.

Regardless of serologic results, a diagnosis of AAV
should not be rendered in the absence of appropri-
ate clinical, laboratory, and/or histologic evidence
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of disease. This is of particular concern when there
is discordance between negative ANCA test results
by immunofluorescence and positive anti-MPO
or anti-PR3 results by EIA. Conversely, a positive
ANCA test result is not required to make a pre-
sumptive diagnosis of AAV if the clinical suspicion
is high.

ERRORS IN THE INTERPRETATION OF
COMPLEMENT TESTING

Failure to differentiate between low complement levels from
consumption and inherited deficiencies of complement pro-
teins. The complement system is a series of blood pro-
teins produced by the liver that act in concert with the
innate and adaptive immune systems to clear patho-
gens. In a pathway in which proteins are sequentially
activated in a cascade, complement proteins act vari-
ously to lyse cells, to opsonize organisms for phago-
cytosis, and to activate the immune system by acting
as chemoattractants for leukocytes. In clinical practice,
measurement of the complement system is used todiag-
nose deficiencies in the complement system. Low com-
plement levels can be found in patients with congenital
complement deficiencies and in those with increased
formation of immune complexes. These include auto-
immune disorders, such as SLE, and in renal diseases,
especially various types of glomerulonephritis. In these
cases, low complement levels are caused by consump-
tion, as immune complexes activate the complement
system. For this reason, complement measurement can
also be used to monitor disease activity.

Common complement measurements include
hemolytic complement activity, or CH50, which meas-
ures total complement pathway activity by assessing
the ability of the patient serum to lyse sheep RBCs.
Antigenic tests for total serum levels of complement
factors C3 and C4 are also available.
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STANDARDS OF CARE

In cases with low C3 or C4 levels or a low CH50, non-
immune complex causes of hypocomplementemia
should be considered before making a definitive
diagnosis of genetic complement deficiencies.

When using complement activity and complement
factor levels to monitor disease activity in immune
complex-mediated disorders, trends in test result
values are more significant than single values. This
is especially true in patients who are pregnant or
who have concomitant inflammatory disorders, for
whom a significant decrease in complement levels
can signal increased disease activity, even if the
complement levels are still within the normal range.

IMMUNOLOGY: IMMUNOGLOBULINS

ERRORS IN THE EVALUATION OF PROTEIN
ELECTROPHORESIS

Failure to define the heavy and light chain constituents of
an "M Spike” that occurs during protein electrophoresis.
Protein electrophoresis is a technique by which serum
or urine proteins are separated by application of an
electrical field to proteins loaded on a semisolid matrix.
The resolution varies by assay, but proteins typically
resolve into five distinct regions, representing albumin
and alpha-1, alpha-2, beta, and gamma globulins. The
concentration of each band is determined by densitom-
etry. Because the shapes and relative concentrations of
each band differ in a variety of pathologic conditions,
protein electrophoresis can be a useful adjunctive diag-
nostic test for many diseases. However, its primary
purpose is the detection, measurement, and moni-
toring of monoclonal immunoglobulin generated by
plasma cell neoplasms. Monoclonal immunoglobulins
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appear as a sharp spike, typically in the gamma regio
on electrophoresis. This so-called “M spike” can be fur
ther analyzed by immunofixation electrophoresis, an
this evaluation is required to define the heavyand lig

chain constituents of this abnormal band so that they
can be followed in subsequently collected specimens.

STANDARDS OF CARE

Blood collected for serum analysis must be allowed
to adequately clot prior to centrifugation and elec
trophoresis. Failure to do so may lead to contami
nation by plasma proteins, such as fibrinogen, that
can confound interpretation of the serum protein
electrophoresis.
Immunofixation  electrophoresis  should be
performed for any positive or suspicious band on
electrophoresis to determine if the band represents
an immunoglobulin and to potentially characterize
its identity for follow-up studies.
Immunofixation, at least for light chains, should be
performed on all follow-up studies to detect low
levels of persistent monoclonal immunoglobulin
The presence of any abnormal bands should be
carefully interpreted in the context of the patien!
history. A history of stem cell transplant, acute-
phase reaction, hemolysis, or iron deficiency should
be noted to aid in distinguishing bona fide M-spikes
from oligoclonal bands and other confoundin
bands that can mimic M-spikes.
In screening for myeloma, both serum and urine
electrophoresis should be performed to aid in the
detection of light chain—only myeloma.

ERRORS IN THE ANALYSIS OF FREE
LIGHT CHAINS

Failure to exercise caution in the interpretation of ligh
chain concentrations in the urine of patients with rewl
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insufficiency. Despite equal stoichiometry of heavy
and light chains in intact immunoglobulin, plasma
cells produce more light chains than heavy chains.
Consequently, free light chains circulate in the blood
and are excreted into urine. Both kappa and lambda
free light chains can be measured by nephelometry.
Their absolute values and the ratio between kappa and
lambda light chains can be used as surrogate markers
for monoclonal immunoglobulin in the diagnosis and
monitoring of plasma cell myeloma. However, because
they are cleared by the kidney, caution must be exer-
cised in the interpretation of light chain concentrations
in the urine of patients with renal insufficiency.

STANDARDS OF CARE

Serum free light chains must always be interpreted
in the proper clinical context. In particular, elevated
free light chains and high kappa:lambda ratios
should be interpreted with caution in patients with
renal insufficiency.

Serum free light chains should not be evaluated
independent of protein electrophoresis. While the
light chain assays are a good screening tool, defini-
tive diagnosis of monoclonal gammopathy requires
the presence of an M-spike on serum and/or urine
electrophoresis.

ERRORS IN THE ANALYSIS OF CRYOGLOBULINS

Failure to obtain reliable identification and quantification of
a cryoglobulin because the sample was not stored at a con-
stant temperature of 37°C prior to analysis. Cryoglobulins
are serum immunoglobulins that precipitate at tem-
peratures lower than normal body temperature. They
are classified as three different types. Type I cryo-
globulins are single monoclonal immunoglobulins,
often associated with B cell or plasma cell neoplasms.
Type 11 cryoglobulins are mixtures of polyclonal and
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monoclonal immunoglobulins. Type III cryoglobulins
are polyclonal IgM. Mixed cryoglobulins (types Il
and III) are often associated with chronic viral infec-
tions, typically hepatitis C. Precipitation of cryoglobu-
lins in serum can activate complement, leading to an
inflammatory vasculitis. Cryoglobulins are measured
by allowing them to precipitate at 4°C, quantifying the
volume of cryoglobulin (cryocrit), and analyzing the
cryoglobulin content by protein electrophoresis.

STANDARDS OF CARE

Samples drawn for cryoglobulin assays must be
placed promptly in a 37°C water bath for transport,
and then handled and centrifuged at 37°C within
the laboratory. Samples should not be allowed to
cool below 37°C until after centrifugation to pre-
vent loss of precipitated cryoglobulins from the
specimen prior to analysis.

Samples for cryoglobulin assays should not be
drawn from a patient receiving intravenous hepa-
rin. Also, samples should be drawn from a periph-
eral vein, rather than from an intravenous line. If
a sample must be drawn from an intravenous line,
the first 10 mL of blood should be discarded prior to
collection of the sample.
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CHAPTER 4
Clinical Chemistry

JAMES H. NICHOLS
CAROL A. RAUCH

SPECIMEN RECEIVING AND PROCESSING

The specimen receiving and processing area of the
laboratory is the entry point for specimens into the
laboratory. As the initial contact point, processing
staff may examine a specimen and detect common
preanalytical errors before the specimen is ana-
lyzed. Mislabeling, wrong tube types, transportation
delays, and other mistakes can affect patient results.
By detecting and correcting problems before the
specimen is placed on an analyzer, staff can prevent
clinical mismanagement based on erroneous results.
Receiving a quality specimen is the first step toward
ensuring a quality result.

PREANALYTICAL ERRORS

Labeling Errors

Specimen mix-ups may occur and can lead to reporting erro-
neous results, and in turn to adverse events for the patient.
Alarge clinical laboratory receives thousands of spec-
imens each day. Specimens can look alike, because
blood in a common collection tube does not look dif-
ferent from another sample of blood in the same type
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of tube. The specimen label is the only means of dis-
tinguishing among specimens. Clinicians may envi-
sion their patient as the only one being analyzed by the
laboratory, but in today’s highly automated clinical
laboratory, specimensare lined up and analyzed solely
based on the label/barcode on the side of the tube.
Often, an operator must retrieve individual speci-
mens if they are needed for reanalysis or additional
testing. Searching for a specific specimen among
racks of similar specimens can be labor intensive, s
automated processes that archive and manage speci-
men storage and retrieval can improve the labora-
tory’s efficiency. These additional processes are also
based on information contained on the specimen
label. Thus, clinicians must ensure that patients are
properly identified and specimens are uniquely and
appropriately labeled before sending them to the
laboratory.

Labeling errors can encompass a variety of mistakes
beyond unlabeled specimens. Samples can be mislabeled
with another patient’s name or contain incorrect infor-
mation, such as name misspelling or wrong demo-
graphics such as age or sex. Partially labeled specimens
contain two appropriate identifiers, but may be miss-
ing important information, such as specimen source 0t
date/time of collection. Illegible labels that have been
smudged or partially destroyed are also commonly
encountered. Institutions should have a specimen
labeling policy to determine how labeling errors il
be handled. Some cases may present unique situations
that require individual consideration, despite the exist-
ence of a labeling policy.

Specimen labeling errors may not be immediately
apparent. Errors with one specimen may implicate
that specimen in a labeling error and bring errors
for multiple specimens into question. Thus, Pro-
cessing staff need to be diligent of the potential for
mistakes and verify the integrity of specimen iden-
tification with each and every specimen arriving in
the laboratory.
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Gollection in the Incorrect Tube Additive

Failure to follow the recommended collection and process-
ing instructions can compromise the quality of test results.
Specimen collection tubes are color coded to indicate
different additives. Some additives prevent clotting
and allow the analysis of plasma, while other additives
inhibit glycolysis and metabolism. Color-coded tubes
may also contain a gel barrier that facilitates sample pro-
cessing. These different collection tubes have different
intended purposes and are generally not interchange-
able, Certain tests may require specific types of collection
tubes, processing, or transport prior to analysis.

Errors in Specimen Transportation

Delays in transportation or exposure of specimens to
extreme temperatures during transit to a laboratory can
nffect test results. Laboratories need to provide recom-
mendations for limiting the exposure of specimens to
extreme temperatures prior to processing and analysis.
Couriers should monitor environmental conditions to
ensure that specimens are maintained within specified
conditions. The quality of test results can be affected
by preanalytical conditions.

Specimen Processing Errors

The technique and manner of specimen processing can
impact the quality of laboratory analysis. Failure to sepa-
rate cells from the serum/plasma portion of blood
allows for continued cellular metabolism that leads to
decreased glucose values. Exposure of specimens to
air, or transport of specimens with bubbles through a
pneumatic tube, can alter blood gas values. Vigorous
mixing of blood prior to analysis can generate foam-
ing, which can affect pipette volumes and also induce
hemolysis. Laboratories need to consider the possibil-
ity of preanalytical errors and take steps to minimize
these errors.
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STANDARDS OF CARE

The clinical need for a test cannot overlook the issue
of correct specimen identity.

The integrity of the specimen from identifica-
tion through collection, analysis, and reporting of
results must be maintained.

If a sample with a labeling error is analyzed, the
test results should be associated with a comment to
warn those interpreting the results of the potential
for a specimen mix-up.

Institutions must have a specimen labeling policy
to determine how labeling errors will be managed.
When the identity of a test result comes into ques-
tion after analysis, the laboratory should never
move the test from one patient’s medical record to
another patient’s medical record.

Specimens should be labeled in the presence of a
patient immediately after collection to ensure that
the specimen label matches the positive patient
identification.

The laboratory should be directly involved in phle-
botomy education to ensure that staff understand
test requirements and preanalytical variation that
can occur during specimen collection.

A laboratory should provide recommendations
for limiting the exposure of specimens to extreme
environmental conditions and to delays during
transportation prior to processing and analysis:

CORE CHEMISTRY

The modern clinical chemistry laboratory is highly
automated. Specimens are barcoded during <o
lection, and usually arrive at the laboratory ready
for analysis. In a high-volume laboratory, an inte-
grated system of instrumentation and specimen
tracks connect the analyzers, identify the tests
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required from the specimen barcode label, then
centrifuge, aliquot, and perform the entire analy-
sis without human intervention. This automation
greatly reduces the possibility of previously com-
mon analytical errors such as mixing up aliquots,
ordering incorrect tests within the laboratory, mak-
ing dilution errors, and reporting results to the
wrong patient. Even for low-volume laboratories,
automation in the latest models of instrumentation
detects interferences from hemolysis, bilirubin, and
lipemia that can affect certain results on individual
specimens. These analyzers flag results to be held by
the instrument management system pending review
by the technologist prior to release to the ordering
physician. Automated control processes can detect
other analytical issues (e.g., calibration errors, out-
of-range controls, and failed delta checks and critical
value limits) and warn the technologist of potential
errors. Thus, automation of laboratory analyzers
is an essential tool that enables the technologist to
identify those specimens with unusual characteris-
tics and specimens that need repeat testing or sepa-
rate handling. This improves the overall quality of
testing.

However, automated analyzers are not fool-
proof, and good-quality test results require quality
specimens. Mislabeled and mishandled specimens,
inappropriate collection and transport, miscom-
munication, and misunderstanding of protocols
and procedures can generate erroneous results that
are not detectable by automated chemistry instru-
mentation. Careful attention to specimen quality is
required both within the laboratory as well as out-
side of the laboratory. Preanalytical errors in test
ordering, specimen collection, transportation, and
processing, as well as postanalytical errors in deliv-
ery and communication of test results, contribute to
overall error rates that are related to laboratory test-
ing. These errors remain a concern even for the most
automated of laboratories.
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PREANALYTICAL ERRORS

Specimen Collection Errors

The manner of specimen collection can impact the quality of
test results. Collection of specimens through indwell-
ing catheters presents a deviation from routine phle-
botomy practice. Clinical staff are tempted to utilize
intravenous lines, because lines provide direct access
to the patient’s circulation, minimize patient discom-
fort from additional needlesticks, and are easier for the
staff since there is no need for additional equipmentor
localization of veins. However, collection of specimens
through a line poses a risk of contaminating the speci-
men with whatever fluid and, possibly, drugs being
administered through the line. In addition, use of
indwelling catheters to collect specimens increases the
risk of specimen hemolysis, the lysis of red blood cells
within the sample, which can affect some test results.
Metabolites, proteins, drugs, and other molecules can
be unstable in a patient sample. Glucose, for example,
will continue to be metabolized by red blood cells and
white blood cells in the sample during transport to
the laboratory prior to analysis. This sample will have
lower glucose results than the patient’s actual levels
at the time of collection. A specimen collected in the
right collection tube with the right anticoagulant can
stabilize the analyte for more accurate results. Fluoride
and oxalate, for example, can inhibit glucose metab-
olizing enzymes and stabilize glucose in a specimen
over longer periods of time compared to a specimen
without the preservative. Different additives are iden-
tified by manufacturers with characteristic colors for
stoppers on the specimen tubes. Red-topped tubes are
plain tubes with no additive, while green-stoppered
tubes indicate heparin, purple stoppers contain eth-
ylenediaminetetraacetic acid (EDTA), and gray stop-
pers have the glycolytic inhibitors, fluoride and
oxalate, Collection of multiple tubes during the same
specimen collection can risk contamination of tubes
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with anticoagulant from previous tubes in the same
collection.

Phlebotomy technique can affect the quality of the
specimen and test results. Collection of a specimen at the
wrong time or without required patient preparation
can give misleading test results. Inappropriate phle-
botomy technique can lead to hemolysis and the need
to recollect a specimen, with a delay in results.

Specimen Labeling Errors

Errors in labeling can cause misdirection of the specimen
within the laboratory, the wrong tests to be performed, inap-
propriate processing of the specimen, and reporting of results
to the wrong patient. In a highly automated laboratory,
labeling and barcodes direct the processing, analysis,
and reporting of results for each specimen. The speci-
men label is as important as the quality of the speci-
men inside the tube. Incorrect labeling can lead to loss
or difficulty retrieving the specimen from storage for
reanalysis or review at a future time.

Reporting laboratory results to the wrong patient can
create problems. Systems that protect the integrity of a
patient specimen throughout the entire testing pro-
cess ensure that the label on the specimen matches the
result reported to the medical record. When specimen
labeling or patient identity is in question, request-
ing recollection of the specimen and not reporting a
result are better than reporting the result to the wrong
patient. Laboratory results become part of the perma-
nent legal medical record of the patient, so the order-
ing physician should be consulted any time there is a
question over the proper labeling or identification of a
specimen (or an aliquot of the original specimen) dur-
ing the testing process.

ANALYTICAL ERRORS

Many types of tistakes can happen in the laboratory includ-
ing errors in aliquoting, pipetting, dilution, calibration,
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and result entry, as well as those related to instrumenta-
tion. The analysis of liquid quality control samples is
one means of detecting and preventing errors in the
clinical laboratory. A control is a stabilized sample,
analyzed like a patient sample, to determine if the test
system is properly functioning. Results from control
specimens that are within a target concentration range
can verify the ability of the test system (reagent, ana-
lyzer, environment, and operator) to produce quality
results with each batch of specimens. Clinical labora-
tory quality control principles were adopted from the
manufacturing industry where products on a factory
line are periodically tested to ensure that they meet
specifications. As bottles of reagents sit on an analyzer,
chemical activity in the reagents can drift and degrade
over time. The analysis of controls verifies the stabil-
ity of the test system and provides for reliability in
the test results. However, when quality control speci-
mens fail to achieve expected results, the laboratory
must determine which component failed, correct the
problem, and reanalyze the controls and patient speci-
mens before releasing results. Patient results must
only be released to clinicians when control results are
acceptable.

Changing the specimen from serunt to urine, or
even from plasma to serum, requires a new evaluation of
method performance since the test system tmay behave dif
ferently with different types of specimens. Analytical
methods are calibrated to be used for specific speci-
men types. Conversion from plasma and serum can
alter the specimen matrix. Also, results may differ
due to the preservatives that are added when
using plasma specimens. Laboratories verify method
performance prior to offering a test in routine clinical
practice by examining the assay precision, accuracy,
linearity, and population reference ranges on a specific
type of specimen. Laboratories must retain data from
such studies. Whenever there is a question about assay
performance, the original data can be used to docu-
ment initial performance of the test system, assist in
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troubleshooting, and determine if there has been con-
tinued stability of instrument performance.

POSTANALYTICAL ERRORS

The attending physician may have to quickly act on a
critical value without having seen or examined a patient.
Unfortunately, for convenience, tests may be ordered
by residents under an attending physician’s name,
and nurses may order tests for patients under a phy-
sician’s name in a clinic setting. In these scenarios,
the ordering physician of record may not have exam-
ined or even know the patient when he receives a
call from the laboratory to accept and immediately
act on a critical result. Critical or alert values are test
results that represent a life-threatening situation, and
require immediate and interruptive calls to a physi-
cian or clinical staff member that can take medical
action.

STANDARDS OF CARE

Phlebotomy through catheters should be reserved
for those patients with truly poor vascular access,
those at risk of bleeding complications from tradi-
tional phlebotomy, and other highly special clini-
cal circumstance. If used, this technique must only
be performed at the request of a physician, with
full knowledge of the risks and benefits of cath-
eter-collected specimens, and the person obtain-
ing such a specimen must be fully trained in these
special techniques and fully knowledgeable about
the line. The specimen source must be indicated
with the test result, and patterns associated with
dilution or other problems must have comments
associated with results so that clinicians can assess
whether results match the findings expected
clinically.
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At least two unique identifiers (full name, birth
date, medical record number, or other identifier)
must be used to confirm patient identification, and
verify the information on the specimen label/bar-
code during specimen collection.

Any failure involving control specimens must be
fully evaluated to determine the cause, rather than
assume that the failure was due to chance.

Tests on body fluid specimens require specific
method validation to verify adequacy of technical
performance on that type of specimen. Test results
on body fluids must not be reported verbally or
disclaimed with comments, when a method used
has not been verified or the system performance is
unknown.

Laboratories are required to immediately contact
physicians with critical test results. Physicians must
take responsibility for tests they order (or allow to
be ordered under their name), and ensure follow-
up on the results of all ordered tests.

 THERAPEUTIC DRUG MONITORING/TOXICOLOGY.

Drug analysis involves the testing of samples for medi-
cations, toxins, and poisons. The discipline of toxicol-
ogy spans many medical applications of a drug test
result. The test may be intended for forensic purposes
where the result may be entered as legal testimony ina
court of law. Such cases include criminal intoxication,
driving while impaired, child custody, cause of death,
. workplace drug testing, and sports/athletic doping,

Forensic testing requires samples to be collected under
a chain of custody where the specimen handling from
collection, transportation, analysis, and result report-
ing can be strictly documented. Chain of custody is a
paper trail providing assurance of specimen identity
and integrity in order to confirm that the specimen
belongs to a specific individual, has not been tampered
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with, and that the associated test result can be legally
defensible in a court of law. Toxicology testing can also
be conducted for clinical purposes, such as in the acute
careof an emergency department (ED) patient, prenatal
care, rehabilitation, and pain management. Test results
can be quantitative (numeric) or qualitative (positive/
negative), and drug analysis can be conducted using a
variety of specimen types including urine, blood, hair,
nails, meconium, and gastric and other body fluids.
Some toxicology tests are used to screen patients for
broad classes of drugs, while confirmatory testing can
accurately identify a specific drug or metabolite. Given
the number of drug tests and medical uses for the
results, ordering the right test for a given situation can
be confusing. Part of the laboratory’s role is to define
testing options clearly, so that ordering clinicians can
understand what test is appropriate in order to answer
the specific medical question regarding their patients.

PREANALYTICAL ERRORS

Test Ordering Errors

While the concept of panel testing is convenient, the ques-
tion arises whether the patient really needs all of the tests
in the panel performed or whether panel testing simply
increases the cost of care. Laboratories frequently offer
panels of drug tests. This facilitates ordering of drug
testing for the clinician, since staff can order 10 or more
tests on a patient’s sample with a single test selection.
Manufacturers of drug tests also offer point-of-care
drug tests in multiple test panel configurations for
screening of patient samples without requiring compli-
cated laboratory instrumentation. Such formats include
urine collection cups with a panel of drug tests embed-
ded in the cup. In this assay, the patient collects a speci-
men, and staff twists the lid of the container, inverts the
sample, and reads the results several minutes later.
Interfacing between laboratories and clinical infor-
mation systems is complicated because there are so
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many different combinations of office system products
for clinical information and laboratory information sys-
tems (LISs). There is increasing demand for elec-
tronic medical records (EMRs) in efforts to improve
the efficiency of health care and to reduce errors.
The U.S. government has offered incentives to phy-
sician offices for adoption of electronic record sys-
tems. As clinics adopt electronic records, laboratory
ordering and reporting systems for these clinics are
also increasingly becoming paperless. Electronic
interfaces can communicate test orders between the
clinic and a laboratory, and these interfaces can allow
test results to flow automatically into the patient’s
record as soon as they are available on the analyz-
ers. Government incentives for adopting electronic
records and increased demand have given rise to
hundreds of different vendors offering information
systems to physician offices. In this environment,
generic interfaces are often created for specific ven-
dor combinations that can be modified for the indi-
vidual clinic needs. Adoption of electronic interfaces
between a clinical record and a clinical laboratory
without implementing necessary customization (at
additional cost) can lead to the availability of a wider
test menu than was previously offered with paper
requisitions in the physician office practice.
Ordering a test without considering the intended use
of the result can create problems. For toxicology, results
can be used for screening patients in the ED, manag-
ing prenatal care, or determining whether a patient
is compliant with his or her pain management plan
and rehabilitation program. In the ED, physicians are
determining the cause of unconsciousness, anxiety, or
altered mental status, while in the pain management
or rehabilitation program, patients may actively be try-
ing to deceive the physician in order to continue abus-
ing drugs or obtain a refill for a narcotic prescription.
Prenatal care plans to promote healthy fetal develop-
ment pose possible legal consequences with risk of
newborn withdrawal and possible child social services
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involvement with drug abuse. Thus, there are different
requirements for testing, and drug tests are methodo-
logically not all equivalent. Acute clinical management
requires fast results when there may not be time for
confirmatory testing, if it takes place hours to days
later. On the other hand, clinical care with rehabilita-
tion, pain management, or tests with potential legal
consequences necessitate confirmation prior to report-
ing and medical action.

Specimen Collection Errors

Drug test results can have significant impact on patients’
lives. Positive test results for opiates, cocaine, tetrahydro-
cannabinol (THC), amphetamines, and phencyclidine
each could indicate that a patient is abusing street drugs.
Patients with positive drug tests may be noncompliant
with treatment program contracts and could have their
opiate prescriptions stopped. Positive test results on
patients returning from leave (for work or home visi-
tation) from a supervised rehabilitation home could be
evidence of continued drug use. Test results may lead to
dismissal from a live-in treatment program and possible
reversal of probation for patients under court-ordered
rehabilitation. Positive results for employment testing or
after on-the-job accidents could lead to refusal to hire,
job suspension, firing, or liability lawsuits.

In addition to all these potential consequences of a posi-
tive test, it must be understood that patients can adulterate
or add substances to their urine sample after collection in an
attempt to generate false-negative test results. Adulterants
are not the only means that patients may use to thwart
drug tests. Some patients may resort to substitution,
the use of a synthetic urine, or submission of another
patient’s urine as their own sample.

In emergency management situations, failure to test
the patient for drugs can lead to problems. Patients can
present with altered mental status due to an organic
disease process, such as low blood sugar or mental ill-
ness, from trauma, or, not uncommonly, a medication
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reaction. The physician must sort out what may be
causing the symptoms and decide on a treatment plan.
When drugs are involved, the laboratory must deter-
mine which drug among the thousands of possibilities
the patient may have taken. Not only is the choice of
specimen a consideration, notably urine versus blood,
but also whether the analytical methods are suffi-
ciently sensitive to detect the drug in question. Clues
from the physical exam, past medical history, and the
presence of pills or powders on the patient can narrow
the list of potential medications for drug testing and
help determine the appropriate analyses required for
identification of an unknown substance.

ANALYTICAL ERRORS

The number of significant figures in a test result can lead to
errors of interpretation. Too much detail by reporting of
results to the tenths or hundredths decimal place can
give the clinician overconfidence in the precision of the
method. Too little detail and rounding of results may
give the impression that the laboratory’s analytical
performance is worse than comparative methods. The
laboratory director must find a balance to represent the
precision of the method and minimize the risk of phy-
sician misinterpretation of test results.

POSTANALYTICAL ERRORS

While physicians may request preliminary screening test
results to allow for immediate clinical decisions, this can
lead to incorrect interpretation of results and inappropri
ate patient management. Screening tests are utilized to
rapidly identify potentially positive samples, amid
large number of negative specimens, for additional
confirmation testing. Screening tests are generall)’
automated assays that require little technologist
involvement, compared to confirmation testing suchas
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mass spectrometry, which is more labor intensive and
costly. Screening tests gain efficiency for the laboratory
by confirming only positive samples, rather than per-
forming a confirmation level test on every specimen
arriving with a request for drug testing. Screening tests
have limitations and can demonstrate false-positive
results from common over-the-counter and prescribed
medications. Confirmation of screen-positive speci-
mens is especially required whenever test results
may lead to legal or medical action. Unfortunately,
confirmation testing is not available in every hospi-
tal laboratory, so the turnaround time for a test result
may be several days. For critical and emergent patient
management, test results are needed much sooner.

The cutoff concentration in a confirmatory test must
closely match the screening test cutoff concentration.
Otherwise patients that are positive by screening may be
negative by confirmation. Drug screen results are gen-
erally reported qualitatively and have defined cutoff
concentrations that allow discrimination of positive
samples with concentrations at or above the cut-
off level from negative samples with concentrations
below the cutoff. Samples that screen positive can then
beanalyzed by a more specific method, like mass spec-
trometry, that can confirm the presence of individual
drugs or metabolites.

Contacting an appropriate person who is willing
to accept a critical drug test result can be challenging.
Critical values are life-threatening results that require
immediate, interruptive contact of the ordering phy-
sician, or their designee who can take clinical action.
Laboratories are required by the Clinical Laboratory
Improvement Amendments (CLIA) tocontactalive per-
son and document that communication of the critical
result took place with read-back (to ascertain the accu-
rate comprehension of the verbal result). Critical value
communication is generally documented with the test
result in the LIS or EMR.

Holding antibiotic doses until stat requests for van-
comycin levels can be obtained is not usually necessary.
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The controversy over whether vancomyecin is linked
to nephrotoxicity and ototoxicity alone, or in com-
bination with other aminoglycoside antibiotics, has
led to requests for stat testing from the laboratory.
Clinicians often cannot obtain the vancomycin level
results fast enough, and doses are being held for fear
that the patient may be above the therapeutic range.
Nurses are anxious to give the next dose, and want
the drug level to confirm that the patient is not atan
elevated level before giving the dose. However, in
most cases, stat requests for vancomycin levels are
unnecessary and the antibiotic doses do not need to
be held.

STANDARDS OF CARE

Physicians must be selective in ordering labora-
tory tests. Order what is medically necessary for a
patient based on the symptoms and diagnosis. It is
not appropriate to screen for an abnormality using
large panels of tests. Manufacturers should provide
the ability to select individual tests on their instru-
mentation instead of forcing panel configurations
that encourage unnecessary tests.

While grouping tests can facilitate physician order-
ing, panels of tests encourage overutilization of
unnecessary testing.

Laboratories must match test cutoffs for screening
and confirmation tests for drug testing.
Physicians and laboratories must consider the pos-
sibility of deception in drug testing. Patients can
dilute, adulterate, or substitute their samples it
order to generate false-negative drug test results.
Laboratories must educate physicians on the limi-
tations of drug screening tests, common sources of
false-positive and false-negative test results.
Results should only be reported to an appropriate
number of significant figures. Assay performance
should reflect technical and biologic variation and
a laboratory must work with physicians to ensur¢
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that reporting format matches the true assay perfor-
mance and medical needs.

Critical values are life-threatening results that
require immediate, interruptive contact of the
ordering physician or a designee who can take clini-
cal action. Ordering clinicians must be aware of this
expectation and accept responsibility for patient
management.

Clinicians should rarely treat solely based on the
screening test results for drugs of abuse. Drug
screens can have false-positive cross-reactivities
that require confirmatory testing by a more specific
method to appropriately identify a specific drug
and metabolite.

Administration of the next dose of antibiotics,
especially vancomycin, should rarely be held pend-
ing laboratory results, creating a false need for labo-
ratory urgency when, for most patients, a dose does
not need to be held. Pharmacists should assist the
laboratory in educating clinical staff on the proper
timing of specimen collection and dose administra-
tion for therapeutic monitoring.

Laboratories must understand their automated pro-
cesses, work to maximize efficiency, and limit stat
requests to those patients who urgently require the
faster turnaround time.

POINT-OF-CARE TESTING

Point-of-care testing (POCT) refers to diagnostic lab-
oratory testing conducted close to the site of patient
care, outside of a central, or core, laboratory setting.
POCT is generally conducted by clinical staff, such as
physicians, nurses, emergency medical technicians,
and respiratory therapists, without formal labora-
tory experience or background in laboratory test-
ing. The advantage of POCT is the speed at which
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test results can be produced, because a specimen
does not need to be transported to a laboratory for
analysis and have results communicated from the
laboratory back to the clinician for medical action.
POCT is conducted in a variety of settings includ-
ing operating rooms, intensive care units, physician
offices, ambulances, and helicopters. POCT has even
been conducted on the space shuttle. An increasingly
diverse menu of rapid POCT is being marketed for
testing, including blood gases, electrolytes, glucose,
numerous infectious diseases, drugs of abuse, and
hormones to assess fertility. These devices use a
variety of testing methodologies: biosensors, immu-
nochromatography, and now even molecular diag-
nostics. POCT has historically been perceived to be
less reliable than core laboratory testing because of
extra challenges posed in ensuring operator com-
petence, quality control performance, appropriate
analysis, and test result documentation. POCT is
often viewed by clinical staff as a distraction from
patient care and a laboratory task added onto an
already overburdened nursing workload amid man-
aging patients and staffing shortages on the clinical
unit. Yet, POCT is not a threat to central laboratory
analysis; it is an integral part of patient care and an
extension of the laboratory when a centralized labo-
ratory cannot deliver a fast enough turnaround time
for results. The laboratory should facilitate under-
standing of medical need, how the test result will be
utilized, and the various options available for labora-
tory testing to meet clinical needs. The laboratory is
a resource for best practices and quality standards,
and can assist nursing and clinical staff in achieving
reliable results, no matter who performs the test an
where the test is conducted. Optimal implementa-
tion, planning, procedures, and training strategies
that incorporate POCT into patient managemenf
pathways assist physicians in ordering the appro-
priate test for the patient while delivering reliable
results that meet regulatory requirements.
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IMPLEMENTATION MISTAKES

Failure to Recognize POCT Differences
and Limitations

POCT is not alwnys the best testing method in a hospital
setting. The inability to obtain a fast turnaround of
test results from a central laboratory is often the moti-
vation to implement POCT on the nursing unit. The
laboratory is seen as the limiting step to discharging
patients from an ED or moving patients through the
hospital. However, all laboratory methodologies have
limitations and unique interferences that can generate
misleading test results when utilized on the wrong
patient populations or on incorrect specimen types.
These limitations need to be considered when choos-
ing POCT over central laboratory methodologies.

Using POCT to Solve Overly Complex
System Problems

POCT, with its associated burden of operator training and
competency, maintenance, reagent storage, and documentation
considerations, can add unnecessary stress toa clinical setting.
Why the test is needed and how the test result will be uti-
lized in patient care decisions should be clearly defined
before a faster result can be safely concluded to facili-
tate patient care. Measures of patient outcome should be
benchmarked before and after implementation of POCT
in order to determine if POCT improved patient out-
come or simply complicated an already overly complex
pathway of care. Sometimes streamlining the pathway
of care is a better alternative than adding POCT.

Misunderstanding Regulatory Requirements

Failure to comply with testing regulations and certification
can cause problems. The U.S. CLIAs of 1988 law mandates
licensure of laboratories testing human patient samples
where the test results will be utilized to make clinical
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decisions. Even laboratories performing simple POCT
such as pregnancy, urine dipstick, or glucose meter tests
must apply for a CLIA certificate, pay a fee every two
years, follow manufacturer’s instructions, and agree to
be inspected. More complex testing than POCT requires
additional documentation of operator training and
competency, quality control, maintenance, and written
policies for patient preparation, sample collection, pro-
cessing, analysis, and result reporting.

Failure to understand where and how CLIA regula-
tions apply. CLIA regulations apply to clinical labora-
tory testing. CLIA applies to tests conducted within
a formal laboratory or outside of a laboratory, in a
satellite or point-of-care setting. CLIA also applies to
clinical samples from U.S. citizens that are analyzed
within or outside of the United States. The analysis of
forensic specimens, nonhuman specimens, such as vet-
erinary samples, and research testing are exempt from
the CLIA law. However, tests that lead to a change in
patient management or medical decision making are
considered to be regulated under CLIA even if those
tests are conducted as part of a research study.

Failure to train staff to be competent and capable of
obtaining performance that meets expected manufacturer
specifications as approved by the FDA can cause problems.
Although method verification is only required for
nonwaived tests under the CLIA regulations, method
verification is a good laboratory practice for all POCT
regardless of the test complexity classification status.
The site performing testing should know the method
precision, bias, and reportable range of results, and
verify the reference interval for normal results.

TEST ORDERING MISTAKES

Distinguishing POCT from Central Laboratory Tesls

Uniformity in testing methodology between laboratories
and POCT protocols is not always guaranteed, which can
create confusion. As a general rule, POCT uses different
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methodology than instrumentation found in the cen-
tral laboratory. Some tests may generate comparable
test results, but other tests may give quite different
results. Clinicians ordering a test need to understand
the differences between available test methods, and
the test names need to be clear enough to ensure that
the physician is ordering the right test for his or her
patient. Simply naming the test “stat” or “POCT"” does
not ensure that the physician understands the appro-
priate specific test limitations or that the results will
actually meet an intended medical use of the test.
Laboratories need to work with their information tech-
nology and sales/marketing departments to review
how tests are displayed on electronic and written req-
uisitions, and to ensure that test-specific information is
readily available to the ordering clinician, especially if
multiple options exist.

Overutilization of POCT

POCT can facilitate patient outcomes, but only if staff are
available to act on the test results. If the ordering physi-
cian is away from the unit, and the POCT results sit
in a patient’s chart waiting for review, the intended
benefit of a faster result is lost. Overutilization of
POCT is a risk, because POCT is convenient to use on
the nursing unit. It is easier than printing specimen
labels and sending samples off to a central labora-
tory. Overutilization of POCT can be costly to hospi-
tals because single-use tests are more expensive on a
per-test basis than bulk reagents used in core labora-
tory testing. Without the benefits of improved patient
outcome, performing POCT can waste both financial
and staff resources in time spent performing the test
Outside the laboratory and documenting regulatory
compliance. The decision to perform a test at the
point-of-care or to send a sample to a central labora-
tory should be based on how the test result will be uti-
lized in the care of the patient. POCT has a place in
emergent management decisions for rapidly changing
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conditions, but orders for future POCT where the
result is not linked to immediate care decisions should
be carefully reviewed.

PREANALYTICAL ERRORS

Collecting Samples Through Indwelling Catheters

A majority of laboratory errors actually occur outside of
the physical walls of the laboratory and involve preanalyti-
cal errors, such as errors in specimen collection, as well as
postanalytical errors, such as delays in acting upon results
and result misinterpretation. Quality test results require
quality specimen collection. A POCT device cannot
compensate for a poor-quality specimen. Indwelling
catheters are a common source of specimen collection
errors because they frequently involve fluid or drug
contamination of the specimen.

Use of POCT on Alternative Samples

Problems can occur when changing the specimen bype o
intended use of the test. Staff may not realize that changing
the specimen type or the intended use of the test (e-g+
from monitoring for a disease to screening for a diag-
nosis) can change the CLIA complexity of a test and the
number of additional activities that must be performed
and documented for regulatory compliance. Asan exam-
ple, off-label use of POCT can raise the CLIA complex-
ity of a test to a high-complexity level. High—complexity
tests involve those developed by the laboratory or tests
where the manufacturer’s instructions have been modi-
fied. High-complexity tests require additional method
verification and performance documentation.

Quality Control Mistakes

Failure to implement quality control procedures periodi-
cally can create problems. Quality control is the analysis
of a liquid-stabilized sample, in the same manner as
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a patient sample, to determine if the performance of
the test system, reagents, operator, and device meet
quality specifications. Quality control is analyzed peri-
odically to ensure the reliability of patient test results.
Newer POCT devices have computerized data man-
agement that facilitates the collection of operator iden-
tification, patient, and test information at the time of
analysis, and links that information to the test result.
Data management systems that can automate the doc-
umentation of test and quality control results greatly
assist in compliance with laboratory quality regula-
tions, as staff can forget to analyze quality control and
continue to test patients.

Sharing Operator Identification Numbers

POCT devices look simple, but there is no foolproof
device. Like any laboratory test, errors can occur
when devices are used incorrectly or testing is per-
formed by untrained operators. Good laboratory
practice requires the operator to read and follow the
manufacturer’s instructions. Inappropriate sample
collection, poor timing, or result misinterpretation
can lead to incorrect results. More complex devices
requiring multiple steps for collection and analy-
sis of specimens necessitate more detailed training
and practice. CLIA regulations for professional use
of a POCT device require documentation of initial
Operator training and, at minimum, annual checks of
ongoing competency for CLIA moderate- and high-
complexity tests. Keeping manual records for hun-
dreds of operators can be time consuming and very
challenging to maintain. Fortunately, newer POCT
devices with computerized data management have
the capability to lock out operators. This feature
ensures that only trained and competent operators
are providing testing. An operator must enter his or
her own personal identification number before the
device will unlock and allow patient testing.
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ANALYTICAL ERRORS

Data Entry Errors With Patient Identification

Despite its advantages, data management creates the pos-
sibility for a new class of laboratory errors involving data
entry mistakes. Data management provides a means
of automating the data collection and documentation
that ensure regulatory compliance. Each test result is
linked to the date/time, serial number of the device,
the operator, reagent lots, and quality control for the
reagent and analyzer. With data management, there is
a record of every test performed, successful or not, and
error codes and action comments are captured whena
test fails. Manual records inevitably miss the recording
of some test results, and errors/repeated tests may not
get documented.

Other Data Entry Errors

Data entry errors can occur with any step of the analyti
cal process. Incorrect operator identification entry is
detected by the device as an invalid or untrained
operator attempting access and, if the feature is avail-
able, lock-out prevents patient testing. Patient identifi-
cation errors, however, allow testing to occur, but the
results become stuck in the POCT data management
system. An invalid patient identifier tied to a test result
that does not match an active patient medical record
forces the data management system to search the admis-
sions systems for that patient. If there is no match, the
test result cannot be posted to the patient’s record. Data
entry errors can also occur in identification of control
samples and reagent lots used for testing. These errors
pose challenges to accurate compliance documentation-

Blind Operators

Failure to document that staff can perforns the test and
achieve a result that is within expected tolergnce can canse
problems. Training is more than simply orienting staff
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to the procedure. Staff must demonstrate that they
can perform all ancillary tasks required to generate an
accurate test result. Temperature monitoring, instru-
ment maintenance, quality control testing, and result
reporting/follow-up are all components of performing
the test. Adequate performance of all steps of the test-
ing process is necessary to demonstrate competency.
This requires (1) direct observation of routine test per-
formance; (2) monitoring the recording and reporting
of results (including critical value communication);
(3) review of intermediate test results and worksheets
including quality control, proficiency testing, and main-
tenance records; (4) observation of instrument preven-
tive maintenance and function checks; (5) assessment
of test performance using previously tested specimens,
internal correlation samples, and external proficiency
testing samples; and (6) evaluation of trouble-shooting
skills. All six of these criteria are now being reviewed
by CLIA, The Joint Commission, and the College of
American Pathologists (CAP) inspectors, as required
elements of staff competency for CLIA nonwaived tests.

Temperature Monitoring and Reagent Storage Errors

Quality results require quality reagents. Test strips, kits, and
control materials that are exposed to heat, cold, humidity, and
other environmental extremes can degrade before being used
in patient testing. Shipments of test kits can be exposed
to heat during the summer and cold during the winter
while sitting outdoors being loaded onto trucks and air-
lines for transit. Testing staff have no idea of the condi-
tion of the reagents upon receipt of a shipment. Thus,
good laboratory practice dictates verifying the perfor-
mance of kits within each shipment using previously
analyzed specimens or specimens of known analyte
concentration, such as control or proficiency testing
samples. Once received, the responsibility for meeting
manufacturer-recommended storage conditions falls
on the laboratory and staff within the hospital where
the reagents will be stored. For POCT reagents, some
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storage will occur on the nursing unit. Refrigerated
reagents and controls must be stored according to
manufacturer specifications, and corrective action
must be taken when kit storage does not meet those
specifications.

Failure to Follow Manufacturer’s Directions

The large volume of tests performed and the need to conduct
the analysis the same way, from step A to step B to step C
without variance, each timne, poses a risk for error. POCT
is challenged by the large number of staff involved in
the process. In an average institution, there may be
dozens of locations utilizing hundreds of devices with
thousands of operators. With the pressures of clini-
cal care and patient management, human nature will
strive to gain efficiencies by using shortcuts to work
around strict procedures and find ways to reduce the
time staff spends on the test while maximizing time
with the patient. No one intends for bad results to hap-
pen. Clinical staff rarely understand the consequences
of varying the procedures for point-of-care tests, or
the effect that shortcuts may have on test results.

Taking Procedural Shortcuts

Procedural shortcuts can lead to errors. Shortcuts may
occur within one test procedure, or they may occur
across several tests; the latter type is more insidious
to identify the cause and troubleshoot. Because POCT
devices offer limited menus, several tests and devices
are often employed at the same time on a nursing unit
to meet medical needs. Having a single sample shared
for performing multiple POCTs may create unpredict-
able types of errors.

Sample Application Mistakes

Sample volume can affect a test result. Application of
too much sample on a POCT pregnancy test strip,
for instance, may flood the kit, dilute the antibody
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conjugate, and create problems with ability to detect
and interpret the result. Too little sample may lead to
failure of adequate specimen flow and not allow test
and control reagents to react with their respective
zones on the test. Staff may know and attempt to fol-
low the proper procedure but take liberties with sam-
ple application, often because of a limited amount of
sample or the medical urgency for the test.

POSTANALYTICAL ERRORS

Infrequent Operators

Individuals who perform POCT tests infrequently are more
likely to perform the test incorrectly. Mistakes can occur
with test interpretation, especially for manual, visually
interpreted POCT. Staff should verify the method of
interpretation and appropriate timing of test develop-
ment. Lighting can affect color changes. Fluorescent,
incandescent, and even natural sunlight can alter
shades of color in the operator’s visual interpretation
of results. Storage of kits near a window can degrade
colored conjugates within the kits, so tests should be
protected from bright light by storing kits within the
manufacturer’s protective packaging until just before
use. Over- and under-incubating of the sample can lead
to false-positive and false-negative test interpretations.

Distinguishing POCT From Central Laboratory Resuits

POCT is a different method from core lnboratory testing, and
the results will differ as well, even when the exact same sam-
ple is used for both tests. Each methodology has unique
interferences and limitations. A POCT glucose result is
not the same as a result from another glucose method,
and POCT sodium may not be the same result as that
obtained by other sodium methods. Misinterpretation
can occur if results from different methodologies are
intermixed.
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Reassessing Need for POCT

The laboratory’s failure to regularly interact with the phy-
sicians utilizing POCT can cause problems. As a rapid
diagnostic test, POCT should be meeting an urgent
medical need for results on the unit that cannot be met
by central laboratory turnaround times. Even routine
POCT should periodically be reassessed for clini-
cal need to ensure that the POCT test is truly required,
particularly in light of ongoing improvements in cen-
tral laboratory diagnostics.

STANDARDS OF CARE

The laboratory must collaborate with medical staff
to determine the need for POCT laboratory tests,
turnaround times, and how the test result will drive
further patient care decisions. The availability of
pneumatic tubes for specimen transport, the prox-
imity of the unit to the laboratory, and the specific
instrumentation available in the laboratory all dif-
fer from one hospital to another. Whether to offer
a test at the point-of-care is thus a unique decision
for each facility, based on the overall needs and
ability of the laboratory to meet those needs with
traditional laboratory instrumentation.

While the goal of POCT may be a common, shared
reference range, differences between POCT and
central laboratory results exist and must be consid-
ered when making medical decisions. Test orders
and results for POCT and the central laboratory as
well as other methods for the same test (e.g., blood
gas analyzers) should be separate and distinguish-
able in the patient’s medical record.

Cost issues must not be the only consideration
when POCT is requested. If a faster turnaround for
POCT results leads to quicker discharge decisions,
facilitates movement of patients through the health
system, frees operating and procedure rooms, and
opens beds for waiting patients, the additional cost
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of POCT may translate to better overall patient
outcomes.

The laboratory should be involved with POCT as a
resource for promoting good laboratory practices,
quality control, documentation, and regulatory
compliance.

Manual tests are more prone to errors. Data man-
agement should be utilized to improve regulatory
compliance and to automate the documentation
and transfer of POCT results to the patient’s medi-
cal record.

Written procedures, regular performance of quality
control, and operator training/competency are all
required components of good laboratory practice
for POCT.

Medical need should drive the implementation of
POCT, and POCT should be included as a compo-
nent of quality patient care where indicated.

ENDOCRINE/TUMOR MARKERS/SPECIAL
CHEMISTRY

Endocrine testing concerns the analysis of hormones,
peptides, and other compounds secreted by the glands
of the body. Hormones can be proteins, such as thy-
roid-stimulating hormone (TSH) and parathyroid
hormone, or smaller molecules such as thyroxine or
cortisol. Endocrine tests sometimes measure a hor-
mone directly, but in other instances may analyze com-
pounds affected by hormones. For example, in diabetes
mellitus, primarily a disease of insulin deficiency or
insufficient insulin action at tissue receptors, clinicians
diagnose and manage the disorder through analysis of
glucose levels rather than through direct measurement
of circulating insulin levels. Endocrine tests are utilized
to diagnose and manage disorders of the pituitary, thy-
roid, parathyroid, adrenals, ovaries, testes, and other
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organs of the body. Due to the variety of different com-
pounds related to endocrine function, testing for endo-
crine disorders involves a variety of methodologies.
Competitive immunoassays that rely on the binding
of hormones and metabolites to specific antibodies in
the test reagent are often utilized. Glucose is measured
by enzyme-specific reagents with colorimetric end-
points. Immunoassays and spectrophotometric assays
can be automated on laboratory instrumentation, but
more manual methods, such as radioimmunoassay
and enzyme-linked immunosorbent assays, are also
employed for analysis of hormones and compounds.
Failure to follow basic laboratory practices with speci-
men labeling, collection, transportation, analysis, and
result reporting can lead to test result errors. In addi-
tion, some hormones and compounds are unstable in
patient samples, so appropriate specimen collection
and handling are of particular concern to ensure accu-
rate detection and quantitation of the amount of hor-
mone in the patient’s sample.

PREANALYTICAL ERRORS

Failure to correctly identify a patient using multiple
identifiers is substandard. Proper patient identifica-
tion is paramount to good laboratory practice. The
assurance of specimen-labeling integrity starts with
the proper identification of the patient. Current
standards of practice dictate the use of two unique
identifiers as part of the patient identification pro-
cess. These may include full name, birth date, medi-
cal record number, social security number, or other
form of individual identification. As the first step in
the testing process, the phlebotomist should check
that the patient’s name matches his or her identifica-
tion, particularly when physician orders, test results,
and insurance or other billing are tied to patient
identification.
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The matrix of a specimen is affected by the type of antico-
agulant used for specimen collection, and plasma is different
fromserum.Specimenscanbe collected inblue-stoppered
tubes (citrate for coagulation), purple-stoppered tubes
(EDTA for cell counts), green-stoppered tubes (hepa-
rin for blood gases and chemistries), or gray-stoppered
tubes (fluoride and oxalate for glucose analysis). All of
these tubes will generate a plasma sample when cen-
trifuged to separate the cells. However, not all of the
anticoagulants are equivalent and will have variable
effects on certain tests. Laboratories need to ensure
that the specimen collection tube and specific anti-
coagulant have been validated for the particular test
ordered.

Measuring insulin levels instead of analyzing blood
glucose levels in testing for diabetes is not good practice.
Diabetes mellitus is a disease of increasing concern in
developed countries due to the prevalence of obesity
and lack of exercise. Diabetes is a disorder of insulin
deficiency or decreased insulin action at the tissues,
characterized by high blood glucose levels. Although
diabetes is considered an endocrine disorder, diabe-
tes is diagnosed and managed through the analysis of
glucose levels rather than direct measurement of insu-
lin concentration.

Overutilization of thyroid-related tests can lead to mis-
takes in result interpretation and can contribute to increased
costs of health care. The ordering of thyroid tests can be
confusing. Laboratories can offer TSH, thyroxine (T4),
triiodothyronine (T3), free thyroxine (fT4), free triiodo-
thyronine (fT3), T3 resin uptake (T3RU), free thyroxine
index (FTI), thyroglobulin (Tg), thyroglobulin antibodies
(TgAb), thyroxine-binding globulin (TBG), and thyroid
peroxidase antibodies (TPOAD) in their thyroid function
test menu. Clinicians must be familiar with each of these
tests and their limitations to pick the right test to address
their diagnostic questions. The desire to order more
thyroid-related tests than needed is tempting, given the
large number of available thyroid-related tests.
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ANALYTICAL ERRORS

Drug interferences and other problems can affect analy-
sis. Immunoassays incorporate specific antibodies to
detect an analyte in a patient’s specimen. There can be
a number of interferences, including drugs and cross-
reactive compounds, that can affect test results. False-
positive elevations in test results can occur from these
interferences and cause incorrect test result interpreta-
tions and patient mismanagement.

POSTANALYTICAL ERRORS

The manner in which a test result is displayed can impact
test interpretation. Clear display of test results is espe-
cially important when a series of specimens is col-
lected at the same time or in close succession as part of
a patient procedure.

STANDARDS OF CARE

At least two unique identifiers must be used to
confirm patient identification and verify the infor-
mation on the specimen label/barcode during spec-
imen collection.

Laboratories must arrange for appropriate speci-
men collection, prompt processing, and analy-
sis of samples to ensure appropriate recovery of
physiologic levels of unstable analytes in a patient’s
sample.

Overutilization of laboratory tests can lead to
incidental abnormal results that can be misleading
and lead to unnecessary fol]ow—up with increased
cost of health care.

Laboratories should be aware of the possibility of
false-positive test results due to heterophilic anti-
bodies and recommend that physicians always
interpret test results in conjunction with the
patient’s symptoms and clinical condition.
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Diagrams and visual tools assist the interpretation
of test results, especially when multiple speci-
mens are collected sequentially during a patient
procedure.

LABORATORY INFORMATION SYSTEMS/
INFORMATICS

The LIS is more than a database that stores all of the
test results generated by the laboratory. An LIS acts
as an intermediary to the clinical information systems
and EMRs utilized by clinical staff to manage patient
care. Most physicians do not have direct access to the
LIS and never work within that system. In the clinical
laboratory, results must be collected from the analyz-
ing instruments by the LIS, managed, and transmitted
for display to the physicians in the EMR. The interfaces
between the laboratory analyzer and LIS to the final
EMR can each be sources of error that laboratories
need to consider. As data are electronically transmit-
ted from the laboratory to the hospital and onward to
other electronic databases and records in the physi-
cian’s office, insurance companies, government agen-
cies, and even personal health records, test names can
be confused, decimal points moved, and comments
Misinterpreted. A new responsibility of the laboratory
in the age of paperless records is verifying that the
result is correctly displayed for the ordering physician
and that it can be appropriately interpreted after it is
transferred through the variety of electronic systems.

PREANALYTICAL ERRORS

Ordering Mistakes
Misleading test names can cause the wrong test to be ordered
ind lend to specimen recollection, repeat testing, result



176 CLINICAL DIAGNOSTIC TESTS

corrections, and duplicate ordering on an individual or,
worse, systematically throughout a health care system. Test
names typically convey both the purpose and utility of
the laboratory analysis. Test names can also be confus-
ing, especially when there are several closely related
tests that differ in method limitations, sensitivity, or
clinical application. The laboratory has a responsibility
to clarify for both ordering physicians and information
system programmers which test result is the correct
one being reported.

Test names can also be confusing in the order and
result interfaces between electronic record systems. A phy-
sician may want a specific test and use one name on
the requisition, but the reference laboratory perform-
ing the test may call the test by a different name or
offer several tests with similar names. Mapping test
requests in one system to specific tests on a menu in
another system is part of the programmer’s job when
developing communication interfaces between dif-
ferent electronic systems. The processing staff in the
specimen-receiving area of the laboratory must fur-
ther determine the appropriate test to select when
translating test requests and written requisitions as
they arrive in the laboratory. Placing test requests
over an LIS interface or selection of the wrong test
because the correct name is not known to the ordering
provider can both be sources of error.

When the LIS operator ignores a warning or the systen
allows the operator to bypass built-in safety checks, errors
can occur. Electronic databases are created to facilitate
both data entry and retrieval. An LIS can provide inter-
nal checks to warn of potential errors and caution the
operator to verify the data before continuing.

ANALYTICAL ERRORS

In many ways, laboratory instrumentation has become so
automated that technologists can sometimes forget what
they need to do manually because the analyzer has been
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performing it automatically for a long time. With elec-
tronic information systems, many tasks routinely con-
ducted by technologists are now automated. Lipemia,
icterus, and hemolysis, common interfering substances,
are now detected by the instrument automatically.
Specimen clots and bubbles can be discovered by pres-
sure sensors in the instrument probes during analysis.
Automated devices centrifuge, aliquot, and label ali-
quots based on the specimen barcode.

POSTANALYTICAL ERRORS

Reviewing data visually, in tables or text, is compli-
aated. Reviewing results incorrectly can affect outcomes.
Laboratorians and clinicians have different needs for
data review within an electronic information system.
Laboratory staff focus on individual test results and
comments, while clinicians look for data trends in
multiple analytes over time. Electronic information
systems can display all test results chronologically,
but data can also be displayed in a tabular form where
test results for the same analyte are shown over time.
Trends in results can more easily be followed in a tabu-
lar display across a row compared to scrolling through
multiple pages of chronologically displayed full text
results. However, there is no perfect means of display-
ing laboratory data. Viewing tables of numerical data
poses a risk of loss of information. Clinicians want to
review as much data on a single page or computer
screen as possible, since this is more efficient than pag-
ing through multiple screens in the electronic record.
Yet, cramming volumes of results in a table can risk
loss of individual test comments and accompanying
details with the potential for clinical misinterpretation
if those comments contain significant information.
Errors in the transmission of data from the LIS to
the physician can complicate analysis of test results. The
display of test results for the ordering clinician is cru-
cial to the clinical interpretation. The laboratory may
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think its role ends with the analysis and verification
of a test result in the LIS, but physicians do not review
test results in the LIS. Results must be transmitted to
an electronic media record (EMR) for the physician to
see the result. Glitches can occur in the communication
interface between the LIS and the EMR that can change
the result, trim the comments, or otherwise alter the
test result and lead to errors.

How a test result is displayed can impact test inter-
pretation. The recent push for ultrasensitive or third-
generation assays emphasizes the clinical desire for
higher sensitivity for disease detection. While an
analyzer may be capable of reporting to a hundredth
decimal place, the question is whether the method per-
formance can achieve precision at that level to make
the hundredth decimal point number meaningful.
Reporting a result to two significant figures can mis-
lead a clinician to assume better performance than can
be achieved by the test method.

Results can be changed during lransmission over
electronic interfaces. The integrity of data transmission
needs to be verified on an ongoing basis to ensure cor-
rect appearance for the ordering physician. Errors can
occur when data are inadvertently changed as results
are transmitted over electronic interfaces, with an
obvious potential for result misinterpretation.

Managing access to information systems can be compli-
cated and presents a source for potential duplicative analysis
and errors. Information services can assist laboratory oper-
ations, particularly for the reporting of results to affili-
ated and nonaffiliated physician practices. While a goal
of the EMR is to provide easy access to patient informa-
tion as patients move throughout a health system (from
inpatient to outpatient and to home health care), the
stewards of the EMR also have the responsibility to pro-
tect the confidentiality of patient results and limit access
to only those clinicians involved in the patient's care.
The Health Insurance Portability and Accountability Act
(HIPAA) of 1996 contains privacy regulations governing
appropriate access to patient information. Determining
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and enforcing appropriate access to the EMR can be
complicated, since patients may be seen at multiple sites,
sometimes by physicians with competing clinical prac-
tices. Patients may seek advice from another physician
inthe form of a second opinion. Test results and medical
record notes made by one physician should not neces-
sarily be accessible to other physicians unless the results
and records are released by the ordering physician or
access is granted by the patient.

STANDARDS OF CARE

Test names can be confusing and laboratories must
distinguish tests of similar names according to their
clinical application, methodology, limitations, or
other unique characteristics.

Electronic ordering systems must facilitate physi-
cian ordering of the appropriate tests, while limit-
ing the ability of physicians to bypass the system or
continue to use written requisitions.

Staff must check at least two unique patient identi-
fiers with any patient interaction, particularly for
patients with common or similar-sounding names,
and staff should heed electronic system warnings
thatare intended to catch certain identification errors.
Presentation of laboratory data for clinician
review must be easily understood. Tests results
can be displayed in tabular form in an EMR to
show more results on a single screen and improve
efficiency of review, but more data come with the
risk of losing individual result comments or speci-
men details and the associated potential for clini-
cal misinterpretation. Requiring staff to actively
seek out specimen comments rather than passively
displaying information with the result poses the
risk that the staff will miss clinically significant
details. Laboratories should use an information
system that draws attention easily to important
details, rather than making users work to find the

information.
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While a goal of the EMR is to provide easy access
to patient information as patients move throughout
a health system (from inpatient to outpatient and
home health care), stewards of the EMR must protect
the confidentiality of patient results and limit access
to only those clinicians involved in the patient’s care.
Laboratory staff must be involved in the verifica-
tion process of electronic data interfaces, since they
can pose real-life situations that will challenge the
reliability of the interface. Once implemented, inter-
faces require ongoing monitoring to ensure consist-
ent display of data, as minor changes and updates
to an information system can lead to unintended
interface issues.

LABORATORY SAFETY

Safety is a key component of good laboratory practice
and mandatory to permit basic operations to occur.
Accidents occur because of unsafe workplace condi-
tions. A first step to preventing accidents is to avoid
unsafe conditions. The Occupational Safety and Health
Administration (OSHA) is a federal agency concerned
with employee safety and protection of employees
from workplace injuries. OSHA enforces a number
of federal regulations to ensure on-the-job safety for
employees of all workplaces, not just the laboratory. A
clinical laboratory presents particular hazards includ-
ing exposure to patient specimens (e.g., with poten-
tial contact with infectious diseases and organisms),
chemicals, electrical risks from laboratory instru-
ments, and needle exposures. An employee can be
injured simply by moving heavy instrumentation or
boxes of supplies. Phlebotomists can suffer puncture
injury during specimen collection. Service representa-
tives can be injured during analyzer maintenance and
repair. Couriers driving specimens between physician
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offices and the laboratory can be hurt from accidents
in vehicles and even slips or falls in icy and wet con-
ditions. Specimen processors that utilize high-speed
centrifuges to spin tubes and separate the cellular com-
ponents of blood can present a danger of flying metal,
tube breakage, and specimen aerosols when operated
incorrectly or with equipment failure. Technologists
can contact corrosive acids and bases, and be exposed
to fumes from volatile solvents when preparing rea-
gents. There are a significant number of potential
safety hazards in a clinical laboratory.

Administrationalso needs to consider the potential
for injury to others beyond their laboratory employees.
Improper disposal of chemicals down drains and com-
monsewerlinescancontaminate watersourcessuchas
ponds, lakes, and drinking water reservoirs, as well as
presentingotherenvironmentalhazards.Failuretoclean
portable laboratory analyzers between patients
when testing at the point-of-care presents a risk of
transmitting hepatitis, HIV, or nosocomial infections
among patients. Thus, safe laboratory operations
consider all sources and effects of potential harm
to employees, patients, the general public, and the
environment.

PREANALYTICAL ERRORS

Food Risks

Eating and drinking in locations where laboratory tests are
performed can affect both the test result and the person per-
forming the test. A first commandment of today’s labo-
ratory safety is prohibiting eating and drinking in the
laboratory. When specimens are being processed, the
opening and aliquoting of tubes and specimen contain-
ers present a risk of aerosols, spills, splashes, and other
sources of contamination of food and drink. While this
principle may now seem common sense to laboratory
technologists, managers, and directors, the hazards
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may not be so apparent when laboratory testing is
actually conducted at the point-of-care by nurses.

Specimens that are spilled or splashed on countertops
during testing can present a hazard if the countertops are
not sufficiently cleaned after use. The presence of organ-
isms (some of which may be resistant to antibiotics)
risks a spread of nosocomial infections unless devices,
reagents, and supplies are thoroughly cleaned and dis-
infected between patients. Contamination on counter-
tops can be picked up on gloves and on the bottoms of
reagent vials or meters and carried to other surfaces
if adequate disinfection is not conducted after testing.
Protective pads and other absorbent materials on labo-
ratory benches can help contain specimens, but may
not completely prevent contact with surfaces under-
neath the pad. Eating and drinking using the same sur-
face where testing is conducted present a risk to staff
and others consuming the food.

Failure to separate ilems intented for patient or
employee use from laboratory specimens and supplies
related to testing can cause problems. Consideration
should be made for separation of clean linens, medica-
tions, and other supplies that could become contami-
nated in areas where laboratory testing is taking place.
Food and medications that are intended for patient or
employee consumption should not be stored in the
same refrigerators as patient specimens or with poten-
tially biohazardous controls or reagents made from
blood products. Separate clean and dirty refrigera-
tors are recommended and should be clearly labeled
as to their intended purpose. Likewise, food served in
patient care areas requires consideration for separa-
tion of areas that are potentially infectious from clean
areas.

Chemical Hazards

Failure to ensure safe handling and storage of chemicals
can be extremely dangerous. Safe laboratory opera:
tions require awareness of chemical hazards. Fumes
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from volatile chemicals can fill closed spaces and
overwhelm staff. Such chemicals should be stored
in vented cabinets and only utilized in fume hoods
or rooms with adequate air exchange. Other chemi-
cals can be hazardous when mixed, such as acids
and bases. Metallic elements can become explosive in
the presence of water. Laboratories need to carefully
inventory the chemicals stored and utilized in their
tests, provide for appropriate storage conditions, and
ensure proper disposal.

Transportation and Processing

Specimen storage and transport can present hazardous sifu-
ations. Couriers who transport specimens need to be
concerned about the potential for container breakage
and specimens leaking into cars or vans. The poten-
tial for a vehicle accident requires consideration that
specimens could be released into the environment and
contaminate surroundings. Specimens could be blood
or body fluids containing agents for hepatitis or other
bloodborne diseases, or, in a worst-case scenario, rare
highly infectious pathogens destined for identifica-
tion at state laboratories or the Centers for Disease
Control and Prevention. This is why the Department of
Transportation (DOT), the International Air Transport
Association (IATA), and other agencies have enacted
packaging and shipping regulations intended to con-
tain specimens, even if they break in transit, to protect
employees, the environment, and the general public
from exposure during transit.

Laboratory instrumentation can present a safety
hazard. Automated analyzers have a number of mov-
ing parts, and performing repairs and maintenance
on working analyzers can lead to operator injury.
Staff can be cut or punctured by moving probes, suf-
fer electrical shock if they come into contact with
the instrument after water leaks into the circuitry
of the instrument, and be exposed to chemicals and
body fluids if protective covers are moved during
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operation. Every area of the laboratory presents a
safety risk if policies and procedures are not imple-
mented to alert employees to the potential for harm.
Staff should never run equipment without suffi-
cient training, and should always take precautions
to ensure appropriate operation whenever working
with laboratory equipment.

STANDARDS OF CARE

Staff should be cognizant of infection-control poli-
cies, the potential for surface contamination, and
the need for routine cleaning and disinfection.
DOT and IATA safety and shipping regulations
must be enforced to protect employees handling
specimens, the environment, and the general public
from exposure to biohazardous pathogens.
Personal protective equipment, that is, gloves, lab
coat, safety glasses, and splash shields, must be
used appropriately to protect staff from poten-
tial exposure to blood or fluids during specimen
manipulation.

There must be separation of clean supplies, such as
linens, medications, and medical equipment, from
areas where laboratory testing is taking place.
Surfaces, such as countertops, medical equipmenb
testing devices, beds, railings, and nightstands,
can become contaminated with antibiotic-resist-
ant organisms and require regular cleaning an
disinfection, especially when shared between
patients.

Chemicals that present a risk of fire, fumes, burns,
or other safety concerns for staff require han-
dling, storage, and disposal according to specific
guidelines.

Staff should never run equipment without train-
ing and should always take precautions to ensure
appropriate operation whenever working with lab-
oratory equipment.
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OUTREACH TESTING

Outreach testing is an extension of a hospital labora-
tory to test samples from outside the institution, such
as the region around the laboratory, including from
private physician office practices, other hospitals,
long-term care facilities, and other sites. Increasing
the outpatient volume of samples increases labora-
tory profitability, since insurance companies cur-
rently pay for laboratory tests as a fee for service on a
per-test basis for outpatient visits. In contrast, there is
asingle flat reimbursement for inpatients for all costs
incurred based on a diagnosis that encompasses the
entire treatment. Thus, many hospitals are seeking to
expand their laboratory testing market by partnering
with local physician offices. Outreach testing pro-
grams are a growing business model as health care
finances get tighter.

The outreach business model provides advan-
tages for both parties. Physicians will have access to
local expertise in the laboratory, while the hospital
receives the additional sample volume. Physician
offices find local laboratories more accessible, and on
that basis, more responsive to inquiries, as compared
with national reference laboratories that may have
automated answering machines and may require mul-
tiple transfers to reach someone who is knowledgeable
enough to manage their question.

Unfortunately, an outreach business based on
profitand client growth can sometimes be at odds with
inpatient cost containment and test utilization strate-
gies. Hospital laboratories engaging in outreach will
need to invest in a sales and marketing staff, which
was not a consideration prior to outreach. At least
some of the sales staff may have never worked in a lab-
oratory and may not realize the medical applications
of specific tests or method limitations and interfer-
ences. Their job is to satisfy clients and provide better
service than the national reference laboratories against
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vhom they are competing. While medical directors
nay be ensuring that inpatient physicians order the
ight test for a specific patient’s suspected condition
and limit test overutilization, outreach sales personnel
are promoting physician ordering and inadvertently,
or otherwise, overordering. For outreach work, there
is emphasis on the old business adage that the client
is always right. While medical directors may seek to
limit or place an “approval-only ordering” rule on cer
tain high-cost esoteric tests for inpatients, the goal of
outreach sales is to facilitate their clients’ ability to get
any test to keep the account. Conflicts can arise when
physicians can freely order esoteric and routine _’teS‘S
for their office patients, but are limited and resmcte_d
from ordering the same tests on their inpatients. This
dynamic creates the potential for laboratory miscom-
munication, conflict, and errors. While standardi-
zation across the system may be best, budgets and
politics may limit a laboratory’s ability to implement

one-size-fits-all policies across all inpatient, outpa-
tient, and outreach operations.

PREANALYTICAL ERRORS

Communication breakdowns between Iaboratory operatio
teams and other departments can cause serious problen
Common policies and procedures should be the go
throughout an organization. However, outreach pr
grams are often managed by business managers, whi
inpatient laboratory operations are more direc
supervised by medical directors. This creates two §
arate business operations within the laboratory, so
times with different and conflicting goals and polici
Problems can occur when communication bre
down between the two operations, and the outre
managers develop policies and procedures indep
ent of existing laboratory operations.
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Even minor changes in clinical testing procedures can
have a serious effect on patient outcomes. Medical director
participation in the management of hospital outreach
programs is required to adequately recognize and pre-
vent certain errors. Medical directors have a perspec-
tive on the clinical utilization of test results as well as
preanalytical sources of error that sales and admin-
istrative staff in hospital outreach programs may not
appreciate. What may seem to be a minor change in
practice could lead to significant effects on patient
results. Operational changes should be routinely
reviewed by a medical director for potential issues.
When @ lab has to involve another lab to get complete
test results and there is a different quality of customer ser-
vice between the labs, physicians can have unsatisfactory
experiences. A laboratory is sometimes the consumer
rather than the provider of laboratory testing. No
single laboratory can perform all possible tests that
could be ordered by hospital staff or physician offices.
At one time or another, every laboratory must send a
sample to another laboratory for analysis. This may
occur because the volume of a particular test is low,
the test requires specialized equipment or staffing, or
the test is so esoteric that the laboratory simply cannot
set up the test. Certain tests are also proprietary and
are only performed by one laboratory. As a consumer
of laboratory tests, clinical staff can get a different
impression of customer service offered by a laboratory
because the test requested is actually performed by
a different laboratory. Difficulties reaching someone
who can answer a question or inconsistencies in results
between outside laboratories can leave the physician
with a poor impression of laboratory quality.

POSTANALYTICAL ERRORS

The complexity of multiple laboratories performing and bill-
ing for specimen analysis can be confusing to physicians
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and patients. The laboratory performing a test is gen-
erally responsible for billing the patient’s insurance.
If the insurance company does not cover the costs of
the test or only partially reimburses, then the patient
may be responsible for the difference. Therefore, the
patient may receive a bill from both the physician’s
office for a visit, and a separate bill from the labora-
tory for tests associated with that visit. When a hos-
pital laboratory cannot perform the requested test
and the specimen is sent to a referral laboratory, the
hospital laboratory may receive the bill from the
referral laboratory directly. The hospital laboratory is
then responsible for billing and recovering the refer-
ral laboratory charges from either the patient’s insur-
ance or the patient directly. If neither pays, then the
hospital laboratory suffers the loss. Some reference
laboratories will directly bill the patient’s insurance
(“third-party billing”) and will take on the financial
risk if the insurance or patient does not pay. In such
cases, patients may receive a bill for test results from
an unfamiliar laboratory.

Timely reporting of test results can be challenging.
Laboratories have the responsibility for timely reporting
of test results to outreach clients, just as they would for
their own hospitalized inpatients. Unfortunately, many
outreach clients are physician offices that are closed
after hours. These physician offices may have intermit-
tent coverage that can presenta challenge to laboratories
that need to reach the ordering physician after hours.

STANDARDS OF CARE

Laboratory ~outreach expands the current labora-
tory operations beyond the walls of the hospital,
b;lt uniform policies and procedures must be in
place to ensure comparable quality of testing:

A New Technology Committee provides a forum
fpr stakeholders to review the advantages, limita-
tions, and financial consequences of using a new
product or laboratory test. Such a committee should
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be implemented to develop consensus decisions for
new technology, including laboratory testing.
Ordering physicians have the responsibility to dis-
cuss the benefits and limitations of diagnostic test-
ing with patients.

A laboratory must inform physicians to make them
up-to-date with current testing trends, costs, and
the menu of tests performed internally as well as
the tests referred to other laboratories.

A critical result is a laboratory value that repre-
sents an imminently life-threatening clinical situ-
ation and requires immediate communication to a
physician. The laboratory must contact a clinician
in real time, either the ordering physician or their
designee who can take clinical action, to commu-
nicate a critical result and verify accurate under-
standing of the communication via read-back.
Hospital outreach is a business model for expand-
ing laboratory services that require sales and mar-
keting administration, but clinical and technical
oversight of the operation also requires medical
director participation.

Hospital outreach that facilitates any test that a
physician wants may sometimes be at odds with
hospital laboratory goals of limiting test utiliza-
tion. Communication is essential between out-
reach sales staff who may have little laboratory
experience and the laboratory staff and medical
directors with extensive clinical and technical
experience.
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CHAPTER 5
Clinical Microbiology

CHARLES W. STRATTON

PREANALYTIC ERRORS IN THE CLINICAL
MICROBIOLOGY LABORATORY

Clinical microbiologists are well aware of the adage
first coined by computer programmers, “garbage in,
garbage out,” but for their profession have renamed it
“quality in, quality out.” Their adage refers to the fact
that the quality of the clinical specimen received by the
clinical microbiology laboratory is a key factor in the
optimal use of clinical microbiology. For serological
testing, the timing of the serum collection may be an
equally critical factor for optimal use. Unfortunately,
the clinicians often do not have the tools, interest,
training, access to data, or time to determine optimal
use of the clinical microbiology laboratory for their
patients. This chapter discusses common preanalytic
medical errors in the clinical microbiology laboratory.

FAILURE TO CONSIDER INFECTION

Failure to consider infection is actually a more common
problem than one might think. It seems to center around
surgical procedures where a malignancy is suspected. Thus,
oncologists and surgeons must be alert and always consider
the possibility of infection even when malignancy is their
first concern.
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Not sending material from a clinical specimen
to the clinical microbiology laboratory for culture or
other microbiological testing may result in this type
of preanalytic medical error. This is a very subtle
type of medical error and is considered an individual
type of error that is not easily rectified by a systems
approach. Bone marrow aspirations and biopsies are
often done to rule out malignancy; cultures may not
be requested on the aspirate/biopsy as the clinicians
are focused on malignancy and not thinking about
infection. Oncologists and surgeons must be alert and
always consider the possibility of infection even when
malignancy is their first concern.

For example, failure to consider infection may
occur when evaluating a patient with neck mass and/
or cervical lymphadenopathy in which lymphoma or
metastatic carcinoma is the working diagnosis.
Because lymph node biopsy is often reserved for situ-
ations in which a malignant process is suspected, the
clinician may not think to order cultures. Biopsy for
asymptomatic cervical lymphadenopathy of greater
than three weeks’ duration is a common situation in
which metastatic carcinoma is suspected, particularly
in patients over 40 years of age. These enlarged cervi-
cal lymph nodes thus are usually excised or biopsied,
and the lymphatic tissue is sent to the surgical pathol-
ogy laboratory. If cultures are desired, the surgeon
must send part of the lymphatic tissue to the clinical
microbiology laboratory. Lymphatic tissue sent to the
surgical pathology laboratory is fixed in formalin,
which precludes additional tests such as tissue cul-
tures when the hematoxylin and eosin (H&E) exami-
nation reveals lymphadenitis. Failure to send part of
the lymphatic tissue to the clinical microbiology labe-
ratory for culture is a particular problem in children,
in whom nontuberculous cervical lymphadenopa-
thy is more commonly seen. Infections that may pre
sent with cervical lymphadenopathy include cervi
mycobacterial infections (Mycobacteriym tuberculosis
[MTB] and Mycobacterium avian complex), cat scratch
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disease (Bartonella henselae), histoplasmosis, and
toxoplasmosis.

Biopsy of indeterminate mediastinal masses,
which is often done in order to evaluate the medias-
tinal mass/lymph nodes for malignancy, presents
another example. When histopathologic examination
reveals no malignancy, the opportunity for culture
has passed. The demonstration of microorganisms by
special stains may provide the diagnosis. Tuberculosis
is an unusual cause of mediastinal mass in an infant,
but in contrast, histoplasmosis as a cause of medias-
tinal mass in an infant or in a child has been reported
on many occasions. These cases of mediastinal his-
toplasmosis in children were sometimes mistakenly
diagnosed as lymphoma. There is a significant risk for
medical errors in cases involving a mediastinal mass in
a child if infection is not considered.

Lung infections mimicking malignancy are
another relevant presentation that is well described in
the medical literature. An important reason for this is
that both pulmonary infections and pulmonary malig-
nancies are initially detected by a radiologic diagnostic
procedure such as a chest radiograph x-ray or a chest
computed tomography scan. Radiologic features sug-
gestive of a pulmonary malignancy include a parenchy-
mal mass with speculated margins, microlobulations,
thick-walled cavity, cavity showing nodular margins,
and chest wall invasion. These findings, however, are
not specific and can be seen with pulmonary infections.
If the possibility of an infection is not considered, the
diagnostic procedures done may not include those
measures such as culture that are necessary to detect
infection. In one large series of over 2,000 patients who
underwent a lung biopsy with a presumed diagnosis
of malignancy, 37 (1.3%) of these cases were found to
have infection rather than malignancy. Fungal infec-
tions accounted for 46% of the infections diagnosed in
this series. Thus, the clinician must keep in mind the
possibility of infection when initiating diagnostic pro-
cedures to confirm a presumed pulmonary malignancy.
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STANDARDS OF CARE

Failure to consider infection can result in a medical
error when material from biopsy specimens is not
sent to the clinical microbiology laboratory because
malignancy is considered the most likely diagnosis;
when the tissue turns out to not be malignant, the
lack of a culture result may result in harm to the

patient. :
Conversely, sending ma terial for culture from a tis-

sue biopsy specimen that ultimately turns out to
be malignant is not considered a medical error;.the
culture will not grow and no harm to the patient

will result. .
Oncologists and surgeons, in parhculqr, mt‘xst
remember that infections are able to mimic r?mhg-
nancy; therefore, obtaining cultures of biqpsy .tlssues
should be carefully considered when biopsies are
being done to rule out or confirm suspected cancer.

FAILURE TO CONSIDER UNCOMMON INFECTIONS

Failure to consider uncommon infections is another coni-
mon medical error seen in infectious diseases and clinical
microbiology. This type of error is best avoided by obtaining
consultation (informal or formal) from infectious disease cli-
nicians and/or the clinical microbiology laboratory direclor.
Consider the example of failure to consider an
uncommon infection such as ehrlichiosis/anaplasmosis
in the differential diagnosis of a febrile patient with
“summer flu.” This error may, at best, delay the diag-
nosis of this infection, which can cause significant
morbidity and mortality if not suspected and treated
promptly. Recognition of ehrlichiosis/anap]asmosis

as a possible diagnosis requires the treating clinici
to have knowledge about tickbor i Ecumda)
are an emergi infi i 3 e l“nesses, which
: _ 8ing infectious threat. Alternative] -
sultation with an infectious diseases clinj ely, con
avoid such a medical error. Serologi clnician may
gl1C testmg does not
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usually help in the diagnosis of acute ehrlichiosis:, as
seroconversion may not occur until three weeks into
the illness. Treatment thus should be initiated based on
the clinical presentation and not based on the results of
laboratory testing. A polymerase chain reaction (PCR)
assay for ehrlichiosis is an alternative method for diag-
nosing this illness and is more likely to be positive. The
availability of a PCR assay for ehrlichiosis depends on
the capabilities of an individual clinical microbiology
laboratory. Even if the PCR assay is available, treat-
ment for ehrlichiosis should be initiated before the
PCR result is available. Finally, making a PCR assay for
ehrlichiosis available for a more rapid diagnosis ma
require costly upgrading of the molecular diagnosti}cl
capabilities of the clinical microbiology laboratg
Another uncommon infection is Rocky Mory. ;
spotted fever (RMSF), which is similar to ehrlj hl'}nt%un
a.naplasmosis in a number of ways. In both ¢ : 105}3/
tial failure to consider a tickborne illness jn ases, inj-
months can result in a delay in the diagnosis ¥
ment of an infection. With RMSF, a POtenﬁaland
is rickettsial meningoencephalitis resultin o
RMSF is still the most lethal tickborne ;> '™ death_
United States. Pitfalls related to the e\,alua‘:f’-‘s In the
patient with possible RMSF include (a) Wlo_ ' Of the
the rash to develop, (b) mjsdiagnosing the ? Ng for
iness as another infection such as gastroenteri ~Orile il
wounting the diagnosis in the absence of hisths' ©) dis
bite, (d) using an inappropriate geograp},; - Ory of ticl;
(¢e) using an inappropriate seasonal excluSioeXc Usiq
img to treat on clinical suspicion, (2 failing tg' ( fairl\'
apppropriate history, and (h) failing to treag o e
diagnosis of RMSF hasbeen o, Vith 4

cyvcline. The . :
fo be, problematic. The most widely Useq dc‘ontil\

ool is serologic testing, whi§h 150?0t by ’f‘gngues
gcttive infection. Seroconver.‘.‘:on_
v y we
ot occur until three 3 i,
,(}a:ly gfor diagnosing RMSF hal;’eee nefﬁ lde‘r'eloess_ i
Rt hese assays have not t fully e"alped QR
ter ctlate t 51‘ e iA critical issue in thej us"‘ate' but
ty® iclinical 2 Qﬁqlg o
N
Sy

er
tl'e at-
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would be the length of time that Rickeftsia rickettsii
would remain in the blood. Combined PCR and elec-
trospray ionization mass spectrometry method maybe
able to detect both Ehrlichia species and R. rickettsii. The
diagnosis and empirical doxycycline therapy of RMSF
is particularly difficult in children as pediatricians,
family physicians, and /or emergency room physicians
may not appreciate that RMSF is seen in children or be
aware that the appropriate treatment strategy requires
doxycycline treatment before the rash is seen. Finally,
it should be noted that a newly recognized tickborne
spotted fever group rickettsiosis has been described.
The cause of this tickborne escar-associated spotted
fever group rickettsiosis is Rickettsia parkeri, which
originally was thought to be nonpathogenicin humans.
Clinically, this rickettsiosis presents in a manner thatis
very similar to RMSF with symptoms of fever, fatigue,
myalgia, headache, and a generalized rash; in addi-
tion, patients describe a “sore” or “pimple” at the site
of a tick bite. This escar typically precedes the onset of
fever by several days. This illness, like RMSF, is mostly
seen in the southeastern Unites States. As with RMSF,
empirical therapy with doxycycline should be initiated
in patients with this constellation of symptoms.
Babesiosis is another tickborne infection seen dur-
ing summer months that can be particularly difficult
to identify unless it is considered in the differential
diagnosis. Clinically, babesiosis resembles malaria
and is endogenous to the United States. Observing
intraerythrocytic ring-forms in a blood smear can
quickly make the diagnosis if the clinician requests
such smears. Otherwise, multiple episodes of a febrile
illness may go undiagnosed until a routine blood smear
and/or an alert medical technologist allow the diag-
nosis of babesiosis to be made. Patients may require
the review of multiple thin and thick blood smears to
make a diagnosis. Diagnosis may be made serendipi-
tously on a routine blood smear; however, autoana-
lyzers or a less observant medical technologist might
miss this diagnosis, and multiple blood smears and/
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or thick smears may be required. A careful review by
a medical technologist or pathologist of abnormal red
blood cell images stored in current blood autoanalyz-
ers is the best way to make a diagnosis of babesiosis, as
there are far more red blood cells screened and abnor-
mal red blood cells stored as an image than is possible
with a blood smear. Finally, PCR methods have been
described, but are not widely available. Moreover, the
diagnosis must be considered before a PCR assay can
be ordered.

Lyme disease represents another case in which
failure to consider an uncommon tickborne infection
may lead to diagnostic confusion. Tickborne infections
should be considered in the differential diagnosis for
a febrile illness in a patient with thrombocytopenia,
especially in a patient presenting in summer. Early
Lyme disease is particularly difficult to diagnose and
empirical antimicrobial therapy should be consid-
ered with the appropriate clinical situation. Antigenic
stimulus due to Borrelia burgdorferi infection is known
to cause a blastoid transformation of B and T lympho-
cytes that can result in cerebrospinal fluid (CSF) cytol-
ogy mimicking central nervous system malignancy.

STANDARDS OF CARE

Failure to consider uncommon infections clearly
can result in harm to a patient; it may be less clear
that a medical error has occurred although the
patientand /or a lawyer would likely consider such
a failure to be a medical error.

Failure to consider uncommon infections as a source
of medical errors can be avoided by a number of
mechanisms; these include use of the medical litera-
ture, use of the Internet (e.g., PubMed or UpToDate),
consultation with the clinical microbiology labora-
tory director, and consultation with an infectious
diseases clinician.

Tickborne infections are an emerging infectious
threat and cause uncommon infections that must
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be considered in the differential diagnosis of febrile
patients seen during summer months in order to
avoid medical errors.

Broad-spectrum empirical antimicrobial therapy
may be needed while the differential diagnosis
is being developed and the results of diagnostic
testing are pending; this is particularly true for
tickborne infections where only babesiosis can be
quickly diagnosed.

FAILURE TO APPRECIATE THE PROPER TIMING
FOR SEROLOGY TESTS

Failure to appreciate the proper timing for sm_nlogyl ’;
another common medical error and leads ‘to confusion z;: wic
the “obvious” diagnosis is “ruled out” by e set";’ ‘gn“
test. Consultation with the laboratory can assist witit £11S
problem.

Acute West Nile encephalitis pre 7 .
trating the need for propelr) timing of serolo%ilc_ tf;fl‘i
Acute West Nile encephalitis is a serious Pubic ted
issue in the United States with over 700 cases Iepore
to the Centers for Disease Control and Prevenlt\ll")lz
(CDC) in 2009. The CDC recommends that West igM
virus immunoglobulin M (IgM) detection by %I?JsgA)
capture enzyme-linked immunosorbent assay ( I
in serum or CSF should be the major laboratory t0
used to identify symptomatic patients with ‘alclfﬁe
West Nile virus infections. This test has a sensitivity
approaching 100% in appropriately timed sarr}pfef‘- In
early symptomatic infections, the West Nile virus can
be detected by PCR in serum or CSF. However, levels
of West Nile virus RNA typically peak before symp-
toms appear and then rapidly decline as IgM antibody
lf’md"‘cf“’“ begins. Thus, there is a limited window
If;;lem\-'A detection. Once IgM antibodies for West
monr;lru? appear, they remain detectable for several

s after the acuteiliness. Although most patients

sents a case illus-
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with West Nile virus encephalitis present late in their
iliness, some patients seeking medical assistance within
a week of symptom onset may still be in the RNA-
positive/antibody-negative window and the infection
may be missed if only IgM testing is done. To avoid
missing cases of acute West Nile infection, both West
Nile virus RNA testing and West Nile virus IgM testing
may be required. However, as there is no current anti-
viral therapy for West Nile virus encephalitis, a delay in
the diagnosis may not present a therapeutic problem.

: PTOPer timing is also relevant in the serologic
diagnosis of Lyme disease. Serology may not allow the
dl‘agnosxs of early Lyme disease. Suspicion of Lyme
deEﬂSg based on erythema migrans is sufficient reason
tobegin empiric antimicrobial therapy.

. Leptospirosis presents another infection where the
timing of testing is relevant. Leptospirosis is a zoonotic
dxseﬁse caused by the spirochetes of the genus Leptospira
and is considered to be one of the most common zoon-
oses in the world. In the past decade, leptospirosis has
been recognized as an emerging public health problem
that occurs in urban and rural areas of developing and
developed countries. Humans are accidental hosts and
become infected through exposure to environmen-
sal SOurces contaminated by the urine of chronically
infected mammals, In the United States, the most com-
mon sources of exposure are dogs, livestock, and wild
BOINGle, especially rodents. Outbreaks of leptospirosis
have been reported and are often due to natural disas-
ters such as floods. Leptospirosis is also recognized as
an infection seen in travelers returning from the trop-
ics. Patients hospitalized with leptospirosis may have
mortality rates ag high as 25%; this is, in part, related
to a delay in diagnosis. The majority of leptospirosis
cases are diagnosed by serology. The current standard
is the Microscopic agglutination test, which involves
the reaction of antigens in the form of live Leptospira
Organisms with the antibodies found in the patient’s
Sera. A positive reaction results in agglutination of the
Leptospira that can be seen microscopically. The 1gG
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antibody response to leptospirosis for this test tgkes
about two weeks and can be delayed by antimicro-
bial therapy. New serologic methods are commercially
available; some of these tests measure an IgM response
and may thus allow more rapid results. PCR testing 15

also being developed and should allow the most rapid
means of diagnosis.

STANDARDS OF CARE

Certain infectious diseases such as many viral infec-
tions, as well as infections involving Mycoplasma,
Leptospira, Borrelia, Treponema, Coxiella, and Ch_Iﬂ-
mydia, often require a serologic diagnosis; apprecia-
tion of the time required for an antibody response
to the acute infection is important when obtaining
such serologic tests.
Failure to appreciate the proper timing for serology
tests can result in harm to a patient even though th.e
correct diagnosis was considered, and an appropri-
ate serology test was ordered; failure to appreciate
the proper timing for serology tests is a subtle but
real form of medical error.
Unlike failure to consider infection or failure to
consider uncommon infections, in this situation ‘the
correct infection was considered; using empmc.al
antimicrobial therapy when applicable can avoid
this type of medical error.
Appreciating the appropriate timing of serology
tests may result in repeating a serology test that is
initially negative; empirical antimicrobial therapy
as mentioned earlier prevents harm to the patient.

FAILURE TO APPRECIATE THE SENSITIVITY OR
SPECIFICITY OF MICROBIOLOGY TESTS

Failure to appreciate the sensitivity or specificity of micro-
biology tests is another commeg,

U problem and can lead
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to medical errors. This problem often can be avoided by
consultation with the laboratory. s

The need to understand the sensitivity ?lnd specg
ficity of specific microbiology tests was illustrate
vividly during the spring and summer of 2009, when
a novel influenza A virus of swine origin, HINI,
emerged in humans in North America. The sensitiv-
ity of rapid diagnostic tests for influenza during the
peak influenza season is approximately 60%; a lower
prevalence of influenza at other times of the year will
result in a lower sensitivity for rapid influenza test-
ing. Nasopharyngeal swabs are preferred over buccal
swabs. Empiric antiviral treatment should be based
on the clinical picture rather than the results of rapid
influenza testing. The Infectious Diseases Society of
America Clinical Practice Guidelines currently recom-
mend early treatment (ideally within 48 hours) with
oseltamivir or zanamivir for persons in whom influ-
enza virus infection is highly suspected. Unfortunately,
such treatments were not recommended by the CDC in
early summer of 2009.

Cryptococcal meningitis is another case where
use of a sensitive culture method is critical to accu-
rate diagnosis. Cryptococcal antigen and crytococcal
CSF cultures are both of limited value, and BACTEC
Myco/F Lytic bottle is more sensitive. In particular,
«capsule-deficient isolates of Cryptococcus neoformans are
Iknown to cause difficulty in diagnosing chronic cryp-
ttococcal meningitis using the CSF cryptococcal latex
agglutination test. In nonimmunosuppressed patients,
tthe delayed diagnosis of cryptococcal meningitis is a
rrecognized problem that has increased th-e_ morbidity
aind mortality of this condition. False-positive crypto-
ceoccal antigen testing has been reported and must be
cconsidered in such antigen testing. . i

Diagnosis of Legionella infection 15 also limited

by the nonspecific nature of clinical features and the
shhortcomings of diagnostic tests. Legionella species are
imnportant causes of pneumonia in humans. Currently,
of the more than 50 species of Legionella, at least 24 are
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associated with human disease. Although Legionella
pneuntophila appears to be more pathogenic to humans
and causes the majority of human disease, other species
clearly can infect humans. Importantly, cavitary pul-
monary infection has been associated with Legionella
bozemanii. Legionella micdadei and Legionella longbeachae
are other common etiologic agents causing human
infection. Unfortunately, no single microbiology test is
able to diagnose Legionella infection in a timely fash-
ion with a high degree of sensitivity and specificity.
Although Legionella culture remains the most useful
single test, culture diagnosis requires special media,
adequate processing of specimens, and technical exper-
tise. The standard medium used to culture Legionella
species is buffered charcoal yeast extract (BCYE) agar.
Supplementation of BCYE agar with bovine serum
albumin will enhance the growth of some Legionella
species such as L. bozemanii and L. micdadei; in contrast,
addition of cefamandole to this agar, as is often done,
will inhibit growth of these two species. Despite the
appropriate use of BCYE agar for sputum cultures,
the sensitivity of expectorated sputum cultures ranges
from 10% to 80% as fewer than half of patients with
Legionella pneumonia produce sputum. Bronchoscopy
or pulmonary biopsy specimens are more likely to
yield positive cultures than are expectorated sputum
samples. The detection of soluble Legionella antigen in
urine specimens has become a rapid and reliable tool
for the diagnosis of L. pneumophila infections. These
urinary antigen tests have sensitivities in the range of
70% to 100% but are only able to detect L. preuntophila
serogroup 1. Other species of Legionella are not reli-
ably detected. False-positive results for the Legionella
urinary antigen have been reported as well. Serologic
testing for Legionella infection is hampered by the delay
in seroconversion, which may take several weeks, as
well as by the inability of serologic testing to accurately
detect all Legionella species and subgroups. Clearly,

there remains a role for Legionella cultures obtained by
bronchoscopy or pulmonary biopsy.
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STANDARDS OF CARE

Failure to appreciate the sensitivity or specificity of
microbiology tests can result in harm to a patient
even though the correct diagnosis was considered,
and an appropriate microbiology test was ordered;
failure to appreciate the sensitivity or specificity of
microbiology tests is a subtle but real form of medi-
cal error.

The sensitivity and specificity of antigen testing
in clinical microbiology is particularly important;
both false-negative and false-positive test results
are factors in such antigen testing and must be
appreciated.

Consultations with the clinical microbiology labo-
ratory and/ or the infectious diseases unit are excel-
lent ways to avoid this potential error.

FAILURE TO SUBMIT A SUITABLE
MICROBIOLOGY SPECIMEN

Failure to submit suitable microbiology specimens is unfor-
tunately a common problent that can lead to medical errors in
infectious diseases and clinical microbiology. Consultation
with the clinical microbiology laboratory regarding suitable
specimens is the best way to avoid this error.

Skin and soft tissue abscesses present an area where
suitable specimen collection may be crucial. Areas of
debate here include the usefulness of cultures and empiric
treatment with antimicrobial agents. The increasing inci-
dence of community-associated methicillin-resistant
staphylococcus aureus (CA-MRSA) has intensified
this debate. Nocardia species, for instance, often take five
days or longer to grow on sheep blood agar, so a “no
growth” culture result after 48 hours would not assist
in the care of such a patient. Holding the culture longer
than two days may allow the diagnosis and appropriate
therapy. If this infection is not diagnosed, the Nocardia

infection may eventually progress to involve deeper
e
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tissues and bone in the foot; a type of infection known
as “Madura foot,” for example, is very difficult to treat
and often leads to amputation of the infected foot.

The value of sputum Gram stain and culture in
the diagnosis of community-acquired pneumonia is
another area of considerable debate. Obtaining a good-
quality sputum specimen is difficult in young, nonex-
pectorating children with pneumonia. Routine sputum
collection and analysis has not been recommended in
children with community-acquired pneumonia for a
number of reasons. Among these cogent reasons are
that viral pneumonia is the most common cause of
community-acquired pneumonia during the first two
years and that young children cannot easily expecto-
rate sputum. Moreover, empiric therapy with newer
cephalosporins generally has proven effective in situ-
ations in which clinicians suspect a bacterial cause of
community-acquired pneumonia in a child. Resistance
to newer cephalosporins can result in treatment fail-
ure leading to readmission to the hospital. Collection
of sputum in children or in adults is likely to be very
important in the near future when traditional diagnos-
tic methods are supplemented with PCR-based meth-
ods in order to increase the microbiological yield for
the etiology of community-acquired pneumonia.

Malaria evaluation is another case in which the fail-
ure to submit a suitable microbiology specimen may be
problematic. Peripheral blood examinations performed
using automated equipment may be inadequate. The
number of fields scanned by a technologist on these
smears using automated equipment is quite low, and
thus failure to pick up a light malarial parasitemia is not
unusual. More extensive scanning of the blood fields
stored in automated blood equipment by a patholo-
gist is, however, an excellent way to make a diagnosis
of malaria. The initial key to the diagnosis of malaria
is travel history (e.g., South America) as the incuba-
tion period can be variable for all strains of malaria.
Indeed, fever in a returned traveler must always raise
the possibility of malaria in the differential diagnosis.
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In addition, imported malaria in visitors to the United
States must also be considered in febrile patients with
vague and nonspecific clinical presentations of malaria
who may be seen in emergency rooms. Thin and thick
smears for malaria should be ordered as the parasitemia
may be missed with routine complete blood counts done
on automated instruments. Thrombocytopenia is the
most common laboratory abnormality encountered with
malaria, seen in approximately 60% of cases regardless
of the type of malaria, and should also prompt a blood
smear. Hyperbilirubinemia is also seen in approximately
40% of malaria cases, and anemia is seen in approxi-
mately 30%. The presence of thrombocytopenia and
hyperbilirubinemia alone has a positive predictive value
of 95% in the presumptive diagnosis of malaria in the
febrile traveler returning from a part of the world where
malaria is endemic. It is important to understand that
babesiosis can also present with fever, thrombocyto-
penia, hyperbilirubinemia, and anemia and also may
require thin and thick blood smears for diagnosis; rou-
tine complete blood counts on automated instruments
may miss this diagnosis for the same reason that malaria
can be missed. Clearly, not sending blood for parasite
analysis (i.e., malaria and babesiosis) can represent a
failure to submit a suitable specimen in a febrile patient.

Mycotic infections provide yet another example
of the importance of collecting suitable specimens.
Chromoblastomycosis is a chronic mycotic infec-
tion caused by pigmented saprophytic molds of the
Dermatiaceae family ubiquitous in the environment.
The members of the Dermatiaceae family are dimorphic
filamentous fungi with melanic-type pigment in the
cell wall. Clinically, the infection usually follows trau-
matic inoculation through penetrating thorn or splin-
ter wounds and is characterized by the development
of chronic verrucose lesions at the inoculation site.
Phialophora richardsiae is a recognized cause of chromc?-
blastomycosis in humans and can cause osteomyeli-
tis. Puncture wounds of the foot can result in serious
complications such as osteomyelitis. For this reason,

.
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puncture wounds may require wound enlargement
and a search for a retained foreign body. Imbedded
rubber foreign bodies from footwear and thorn or
wood splinters are recognized risk factors for infec-
tion. Biopsy with appropriate cultures should be done
initially rather than relying on empiric antimicrobial
therapy. Gram-negative bacteria such as Pseudomonas
aeruginosa can cause osteomyelitis following punc-
ture wounds of the foot. However, other microorgan-
isms including fungi or mycobacteria can also cause
osteomyelitis of the calcaneus secondary to a puncture
wound. It thus is important to realize that when cul-
tures are ordered in calcaneal osteomyelitis followinga
puncture wound, bacterial, fungal, and mycobacterial
cultures should be specified on the requisition.
Infection with Staphylococcus aurens and MTB
may also cause osteomyelitis. If bone cultures for
Mycobacterium are not done, and granulomatous
inflammation without demonstrable acid-fast bacilli is
seen, there are two potential solutions. The first solu-
tion is to recut the formalin-fixed, paraffin-embedded
tissue for additional acid-fast staining. Additional sec-
tions cut for acid-fast staining will sometimes identify
acid-fast bacilli not seen in the first cuts. The second
solution is to use molecular detection methods such
as PCR testing for M. tuberculosis; these are done on
the formalin-fixed, paraffin-embedded tissue, and
have proven successful in such situations. Such test-
ing is best done in consultation with the clinical micro-
biology laboratory. In general, bone specimens from
patients with vertebral osteomyelitis should include
bacterial, fungal, and mycobacterial cultures in order
to avoid this type of medical error. Molecular testing is

a reasonable adjunct test when mycobacterial cultures
have not been done or are negative.

STANDARDS OF CARE

Failure to submit a suitable microbiology specimen
or any microbiology specimen at all even though
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infection is suspected may happen for a number of
reasons and can be another subtle form of medical
error.

If unusual microorganisms are suspected, the clini-
cal microbiology laboratory should be consulted as
special media and/or incubating the cultures for a
prolonged period of time might be necessary; such
consultation may also result in assistance in terms
of what type of cultures should be ordered on speci-
mens from a febrile patient.

Consultation with infectious diseases clinicians is
also useful in determining what type of cultures
should be obtained in a febrile patient.

Fever in returning travelers or foreign travelers vis-
iting the United States should raise the diagnostic
possibility of malaria; thick and thin blood smears
for malaria are indicated in this situation.

Mixed infections with dissimilar microorganisms
such as bacteria and fungi or bacteria and myco-
bacteria do occur; specimens sent to the clinical
microbiology laboratory must specifically request
bacterial, fungal, and mycobacterial cultures in
order to ensure that all are done.

Molecular diagnostic techniques now may offer
a “second chance” to make the correct diagnosis
if appropriate cultures are not requested on the
specimen initially sent to the clinical microbiology
laboratory.

The pathophysiology of a suspected infection may
provide insight on additional tissue that can b'e
biopsied for culture and/or PCR testing when ini-
tial testing is nonrevealing.

FAILURE TO PROPERLY IDENTIFY PATIENT,
SPECIMEN, OR TEST ORDER

Failure to properly identify patient, specimen, or test order
is @ common issue in all laboratories. Attention to detail and

electronic bar code labeling can assist with this problem.
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Rejection and recollection of a specimen once
mislabeling is detected is the most suitable approach to
managing this issue; that is, the microbiology technol-
ogist may call the emergency room so that the person
who obtained a blood culture that appears mislabeled
may come to the microbiology laboratory and properly
label the bottles. This solution may not be possible,
however, if antimicrobial agents have been initiated.
An unlabeled blood culture bottle might appear to be
a minor issue that is easily resolved, but this type of
preanalytic phase medical error is extremely common
and has great potential for becoming a major issue.
Consider a case, for instance, in which there is more
than one unlabeled set of blood culture bottles, each
set from two separate patients. Assume also that these
were received in the microbiology laboratory at the
same time. Properly labeling these two sets of blood
culture bottles would become a major problem.

The preanalytic phase of laboratory testing is man-
ually intensive and thus prone to having the highest
error rate. Blood collection is a particularly error-prone
portion of the total laboratory testing process. Among
the common preanalytic phase errors are mistakes in
tube filling, inappropriate containers, inappropriate
requesting procedures, and identification errors (i.e.,
misidentification). Indeed, misidentification has been
identified as a major problem in the preanalytic phase
of laboratory testing with the following causes being
the most problematic: (a) physician ordering a labora-
tory test on the wrong patient, (b) incorrect or incom-
plete computer entry of patient’s data, (c) collection of
a specimen from the wrong patient, (d) inappropriate
labeling of the specimen, (e) lost identification (label or
requisition) for the specimen, and (f) incorrect entry of
the patient’s results in the computer database.

Clearly the preanalytic phase of laboratory testing
is vulnerable to errors; most of these errors result from
system flaws and insufficient audit and control of the
operators involved in specimen collection. A number
of factors must be considered in order to deal with
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these types of preanalytic errors. The first factor to
consider is prediction of accidental events, which is
accomplished by the following processes: (a) exhaus-
tive process analysis, (b) reassessment and rearrange-
ment of quality requirements, (c¢) dissemination of
operating guidelines and best-practice recommenda-
tions, (d) reduction of complexity and error-prone
activities, (e) introduction of error-tracking systems,
(f) continuous monitoring of performance, and (g) root
cause analysis of any errors identified to ensure that
any systems flaws can be addressed.

The next factor to consider is an increase in and
diversification of defenses, which is accomplished by
the application of multiple and heterogeneous systems
to identify nonconformities. The final factor to consider
is a decrease in vulnerability, which is accomplished by
implementation of reliable and objective detection sys-
tems, causal relation charts, and education/training.
These factors taken together constitute a systems
approach for solving the problem of preanalytic errors.

STANDARDS OF CARE

The preanalytic phase of laboratory testing is man-
ually intensive and prone to system flaws and oper-
ator error; a systems approach is required to avoid
these kinds of errors.

Failure to properly identify a patient, specimen, or
test order can be considered a “misidentification”
error and is actually a common preanalytic error in
laboratory testing that can result in minor incon-
venience (e.g., redrawing or relabeling) or in seri-
ous consequences (e.g., wrong patient or delay in
diagnosis); the “paperwork” must be considered an
integral and important part of patient care.

Quality programs developed 'around the preana-
lytic phase of laboratory testing are required to
avoid preanalytic errors; when. erroFs occur, a root
cause analysis must be done to identify any systems
flaws that may contribute to such errors.

.



210 CLINICAL DIAGNOSTIC TESTS

ANALYTIC ERRORS IN THE CLINICAL
MICROBIOLOGY LABORATORY

In contrast to preanalytic errors in laboratory testing,
analytic errors have been carefully addressed in both
the clinical microbiology laboratory and in the labora-
tory as a whole. Bartlett et al. have comprehensively
reviewed the process of managing quality in the clini-
cal microbiology laboratory, and this review continues
to serve as an ongoing template for a systems approach
to quality. This does not mean that the analytic phase of
testing in the clinical microbiology laboratory is error-
free. Indeed, the detection and prevention of clinical
microbiology laboratory-associated errors have been
recognized and addressed by the American Society
for Clinical Microbiology in their Cumitech series. The
Cumitech series is designed to provide consensus rec-
ommendations regarding the judicious use of clini-
cal microbiology and immunology laboratories; each
series is written by a team of clinicians, laboratorians,
and other knowledgeable stakeholders to provide a
broad overview of various important aspects of infec-
tious diseases testing. The discussion of analytic error
that follows is based on the medical literature as well
as the personal experience of the author and illustrates

common medical errors that may occur in the clinical
microbiology laboratory.

MISREADING OR MISINTERPRETATION OF GRAM
STAIN OR OTHER STAINS

Misreading or misinterpretation of Gram stain or other
stains is not a common problem in most clinical microbi-
ology laboratories, but this error does occasionally happen.
Technical issues usually contribute to this problem when it
happens. These technical issues should be understood.

The well-recognized difficulty of diagnosing
cryptococcal meningitis provides a useful example
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of cases where a misread Gram stain of the CSF may
contribute to diagnostic confusion. The Gram stain of
C.SF is recognized as critical in the diagnostic evalua-
tion of a patient with suspected meningitis, and posi-
tive Gram stains revealing microorganisms are used to
direct initial therapy. Clinicians and laboratory person-
nel usually do not consider a false-positive Gram stain
from CSF to be a potential problem. However, it must
be appreciated that such false-positive Gram stains
can occur.

In general, the microscopic examination of CSF
in the diagnosis of meningitis is quite sensitive, rang-
ing from 67% to 92%. It is rare for CSF examinations
to incorrectly suggest the presence of microorgan-
isms. C. neoformans is known to be confusing on Gram
stain; both gram-positive and gram-negative mis-
identification is reported. A high index of suspicion for
cryptococcal meningitis along with the use of the cryp-
tococcal antigen test is a key factor in the diagnosis of
such cases and will help avoid delays in treatment.

Clearly, the rapid and accurate detection and char-
acterization of microorganisms encountered in puru-
lent CSF from patients with meningitis are important.
Quality assessment programs in the clinical microbi-
ology laboratory include both internal and external
proficiency testing as well as the testing of microbiol-
ogy technologists for colorblindness. Such competency
assessment in the clinical microbiology laboratory isan
important, ongoing function that prevents such errors.
In addition, most clinical microbiology laboratories
routinely have a senior microbiologist review any
positive Gram stains from CSF. Other causes of false-
positive Gram stains from CSF are not infrequently
described and do not include misreading the Gram
stain. Instead, contamination with nonviable bacteria
from various products used in the process is the cause
of such false-positive Gram stains of CSP:. '

Factitious meningitis due to nonviable bacteria
in commercial lumbar puncture trays was first
reported in the mid-1970s and still occurs. The medical
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products industry has effectively ensured the sterility
of commercial medical devices, but the procedures
used to sterilize these products do not prevent the pres-
ence of nonviable microorganisms. Therefore, physi-
cians and laboratory personnel must be aware that
such false-positive Gram stains may occur. Although
specimen tubes in lumbar puncture trays are the most
common cause of factitious meningitis, other sources
of nonviable microorganisms such as cytocentrifuge
funnels and Gram-stain reagents may be a source. The
laboratory must review any specimen showing micro-
organisms on direct smears that fail to grow. If facti-
tious organisms are suspected, the physician should be
notified. If possible, a repeat CSF specimen should be
obtained using new, clean, and sterile glass tubes. Any
cluster of such cases should be reported to the Food
and Drug Administration (FDA).

Streptococcuss pneumoniae is a common cause of
community-acquired meningitis in pediatric patients,
but Acinetobacter baumannii, which is a short, plump,
gram-negative rod that is difficult to destain, may
also be misidentified as a gram-positive Diplococcus.
Broad-spectrum antimicrobial therapy will provide
coverage against this isolate. A. baumannii rarely causes
community-acquired meningitis, although it has been
reported as a cause of community-acquired pneumo-
nia. When A. baumannii is seen as a cause of meningitis
in a child, it usually follows a neurosurgical procedure
and is multidrug resistant.

An issue with the Gram stain that is well known
to microbiologists but not to physicians is Gram
stain variability in select bacteria, including Bacillus
species. Bacillus infections have been reported in
orthopedic trauma cases. Bacillus species includ-
ing Bacillus cereus are known to be gram-variable
and can stain as gram-negative bacilli as well as
gram-positive filamentous forms that show beading
and can be confused with Nocardia species. B. cereus
produces multiple beta-lactamases, which include
a metallo-beta-lactamase. These beta-lactamases are
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very potent against beta-lactam agents, including the
third-generation cephalosporins. Imipenem and other
carbapenem agents seem to be active against B. cereus
despite the presence of this metallo-beta-lactamase.
However, carbapenem-resistant strains of B. cereus
have been reported. Vancomycin or clindamycin are
preferred choices for therapy of B. cereus infections.
Morphologic changes can sometimes be seen
in gram-negative bacilli that are exposed to certain
beta-lactam agents; for example, piperacillin interact-
ing with penicillin-binding proteins may result in cell
elongation without division. These filamentous forms
may appear by Gram stain to be a fungal pathogen.

Prompt Gram staining of positive blood cultures is
recognized as an important factor in directing antimi-
crobial therapy and has been shown to decrease mor-
tality. As mentioned earlier, physicians rarely question
the accuracy of such Gram stains. Yet, the exigencies
of the staining properties of certain species of bacteria
as well as human interpretive error can result in mis-
interpretation of a Gram stain from a positive blood
culture. Indeed, misinterpretation of Gram stains from
positive blood cultures has been reported for certain
species of bacteria as well as for instances of under-
or overdecolorization of the Gram stain. In one report,
two systematic errors were noted. In 11 cases, Bacillus
species were read as gram-negative bacilli (this is
known to be a problem with this species), and in five
cases, Acinetobacter species were read as gram-positive
cocci or gram-positive bacilli (also a known problem
with this species).

Underdecolorization and overdecolorization of
the Gram stain are related to the use of acetone and
isopropanol in the decolorization step. Acetone is
too strong a decolorizer and isopropanol is too weak
a decolorizer for gram-positive microorganisms.
Therefore, most Gram stain kits use a mixture of one
part acetone to three parts of isopropanol. The decol-
orization step should be done until the solvent run-
ning from the slide is colorless. Safranin or fuchsin
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is used as a counterstain and should be applied for
30 to 60 seconds. Prolonged application may cause
gram-positive microorganisms to appear gram nega-
tive, while short application may cause gram-negative
microorganisms to appear gram positive. The timing
and the acetone/isopropanol ratio as well as the spe-
cies of microorganism all are important factors in the
Gram stain. For Gram stains of clinical specimens that
include polymorphonuclear cells in the background, a
good quality-control indicator is that occasionally the
nucleus of a polymorphonuclear cell should stain pur-
ple. If most of the nuclei are staining purple, the stainis
underdecolorized. If no purple nuclei can be seen after
reviewing multiple fields, the stain is overdecolorized.
If a Gram stain is considered under- or overdecolor-
ized, the slide can be washed with xylene and the stain
repeated.

Clearly, the answer to the question, “Can we
always trust the Gram stain?” is “No.” Misread Gram
stains from positive blood cultures are generally recog-
nized within one to two days when the microorganism
grown on plates is recognized as being inconsistent
with the Gram stain report; an amended report should
be done. In addition, the physician should be notified
by telephone.

Artifacts and organism mimickers can pose many
problems in the diagnosis of infection. Of these prob-
lems, fungal elements from contamination during
slide preparation are the most difficult to deal with
because these will stain with Gomori methenamine
silver (GMS) and periodic acid-Schiff (PAS) stains.
Pathologists and microbiologists must assess the tis-
sue inflammatory response when fungal elements are
seen; if the cellular response is inconsistent, fungal
contamination during slide preparation must be con-
sidered. An additional mimicker of fungal yeast ele-

ments can be seen in H&E stains from dermal lesions
in which there is inflammation ang plasma cells. This
mimic is Russell bodies, which are intracytoplas-
mic immunoglobulin bodies in plasma cells. Russell
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bodies have been reported to cause confusion with
blastomycosis as well as other pathogenic fungi such
as Histoplasma, Cryptococcus, and Candida species that
have yeast forms. Russell bodies are of variable size
and lack the budding characteristics of these patho-
genic fungi. Although Russell bodies are positive with
PAS stains, they stain brown-gray with GMS, not black
as would be expected.

The evaluation of frozen sections also poses cer-
tain problems with speciation. Even with special GMS
or PAS stains, identifying a specific fungal microor-
ganism from tissue may be difficult even for experi-
enced pathologists and microbiologists. Morphologic
identification can be a useful tool for the preliminary
diagnosis of fungal infection, but culture remains the
gold standard for speciation. All should be used con-
currently to ensure that an accurate diagnosis is made.
For example, lack of budding in a frozen section stain
can make Blastomyces dermatitidis difficult to distin-
guish from Coccidioides. Moreover, empty, overlap-
ping spherules in Coccidioides can mimic budding
yeast and be mistaken for B. dermatitidis broad-based
yeast in the process of budding. The Alcian blue or
an acid-fast stain can be used to distinguish between
Coccidioides and Blastomyces; Coccidioides is nega-
tive and Blastomyces is weakly positive. Some recom-
mend identifying the presence of at least one intact
spherule containing endospores before making a diag-
nosis of Coccidioides in tissue. Other special stains can
be used to distinguish Blastomyces from Cryptococcus.
Cryptococcus usually will stain strongly with mucicar-
mine; the occasional capsule-deficient forms of cryp-
tococci stain with melanin. In contrast, the cell _wall
of Blastomyces is only weakly positive when stained
with mucicarmine and negative with melanin.

STANDARDS OF CARE

Gram stains or other stains can be misread and/
or misinterpreted due to a number of technical
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reasons; these reasons are understood by clinical
microbiologists and pathologists, but may not be
understood by physicians taking care of the patient.
When misreading and/or misinterpreting a stain
occurs and is recognized, a corrected report must
be entered into the health record; moreover, the cli-
nicians involved should be called and told of this
€error.

A root cause analysis should be done for misread-
ing and /or misinterpreting a stain in order to deter-
mine if there are any recurring systems issues that
can be corrected.

Because many errors caused by misreading anc‘l/ or
misinterpreting a stain cannot be completely a\{oxdefi
due to technical reasons, it is important that mlcrqbl—
ologists /pathologists maintain clear communication
channels with clinicians in order to quickly resolve
and correct such errors when they occur.

MISIDENTIFICATION OF MICROORGANISM

Misidentification of a microorganism does not occur fre-
quently, but can happen. Often there are technical issues
that must be appreciated. Correction of the misidentification
in the medical record and timely contmunication of the nuis-
identification are important.

Automated identification systems are known for
misidentification of isolates of the Burkholderia cepacia
complex (BCC), and molecular methods for confirma-
tory identification of BCC are highly recommended,
such as amplification and sequencing of a 500-bp frag-
ment of the 165 rRNA gene.

Burkholderia pseudomallei is the cause of melioi-
dosis, a serious infection common in Southwest Asia.
Treatment of any infection caused by B. pseudomallei
is difficult, and there is a high rate of relapse if pro-
longed therapy is not completed. Generally, two weeks
of intravenous therapy with ceftazidime or a carba-
penem is given followed by at least four months of oral
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iss:lézmethoxiz_ole/ trimethoprim. Such cases also raise
expos regarding the safety of laboratory personnel
" 'CaS‘Gd to the pathogen. /'\utomated systems for iden-

s tion ‘and antimicrobial susceptibility testing of

; lerlal isolates, such as the BD Phoenix Automated

Ology System, have become standard in most clini-
cal laboratories. Identification of bacterial isolates is
dependent on the database of the automated system;
B. pseudomallei is not in the database of the Phoenix
S{Y_Stem. Currently, the most rapid and accurate iden-
tification method for B. pseudomallei is a manual
method that uses the API 20NE system combined with
a noncommercial latex agglutination test. Molecular
r}\ethods are accurate, but they take more time. The
limitations of automated systems must be understood
by clinical microbiologists in order to avoid this type of
identification error.

Other identification methods are known to have
difficulty distinguishing Streptococcus constellatus and
other members of the Streptococcus anginosus (also
known as Streptococcus milleri) group from group C
streptococci (Streptococcus equisimilis). Many clinical
microbiology laboratories presumptively identify beta-
hemolyticstreptococci on the basis of Lancefield group-
ing. Some of the group C streptococcal bacteremia cases
reported in the medical literature may actually repre-
sent bacteremia by members of the S. anginosus group.
Differentiation of group C streptococci from members
of the S. anginosus group is best accomplished by the
Voges-Proskauer (VP) test; members of the S. anginosus
group produce acetoin whereas S. equisimilis does not.
The Phoenix Automated Microbiology System cannot
be expected to detect diacetyl (caramel odor); more-
over, the Phoenix Streptococcal Panel does not include
the VP test.

Isolation of a member of the S. anginosus group
from a blood culture is a “sentinel result,” because
these pathogens can be associated with abscesses and /
or suppurative thrombophlebl_hs. It is 1mportz?n.t ‘that
clinical microbiologists appreciate and alert clinicians
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to the potential pathogenicity of S. anginosus. This
type of sentinel result has been termed a “vital value”;
alerting clinicians regarding such a result can promote
patient safety by preventing a medical error and is an
example of “enhanced clinical consulting.”

Another issue arises with misidentification of
Mycobacterium abscessus, which may result in a sub-
stantial delay in the administration of optimal antimi-
crobial therapy against this pathogen. M. abscessus is
a member of the rapidly growing mycobacteria that
are unusual causes of endocarditis. Rapidly growing
mycobacteria can easily be misidentified as Nocardia
spp. or Corynebacterium spp. In a European quality con-
trol report, Mycobacterium fortuitum specimens labeled
as “pus from an abscess” were sent to 50 clinical micro-
biology laboratories for proficiency testing. Only 13 of
the 50 laboratories correctly identified M. fortuitum.
These specimens were misidentified as Nocardia spp.
(23 laboratories) or Corynebacterium spp. (14 laborato-
ries). Acid-fast staining of gram-positive bacilli should
be routinely included in the identification procedure;
if acid-fast staining results are positive, isolates should
be sent to a reference laboratory for definitive identifi-
cation as well as for susceptibility testing.

Conventional diagnosis of mycobacterial infec-
tion uses acid-fast staining, culture, and phenotypic
characterization of culture isolates; cultures may
require weeks or months before results are available.
Accordingly, nucleic acid probe- and amplification-
based molecular methods have been developed
for identification of mycobacterial culture isolates
as well as for direct detection of mycobacteria in
clinical specimens. These molecular methods have
greatly reduced the time to diagnosis of tuberculosis.
However, molecular methods have their own set of
problems, such as the potential for misidentification
of a microorganism owing to a false-positive result

from a molecular amplification test for tuberculosis.
The Gen-Probe Amplified Mycobacterium tuberculosis
Direct (MTD) test is a rapid molecular tegt that uses
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isothermal transcription-mediated amplification and
a hybridization protection assay to detect nucleic acid
from M. tuberculosis complex in clinical specimens
including lymph nodes. False-positive results may
lead to a misdiagnosis of tuberculosis and weeks of
unnecessary antituberculous therapy. A high concen-
tration of Mycobacterium leprae in a clinical specimen,
for example, can lead to a false-positive result for
tuberculosis with the Gen-Probe MTD test.

The Roche COBAS AMPLICOR system is a fully
automated RNA and DNA amplification and detection
system for routine diagnostic PCR. The menu of this
system includes selected members of the Mycobacterium
family, including M. tuberculosis, M. avium, and
Mycobacterium intracellulare. Use of this system has also
resulted in false-positives for M. tuberculosis.

The presence of M. leprae in clinical specimens
tested by two different molecular assays can result in
misidentification for other species of Mycobacteriumn.
Clinical microbiologists should be aware of this poten-
tial for this type of misidentification of M. leprae using
commercially available MTB molecular assays.

Another well-known problem with PCR testing in
the clinical microbiology laboratory is PCR amplifica-
tion carryover contamination and subsequent false-pos-
itive results. The procedure for the PCR assay for HSV-1
may be modified to include a repeat assay for any posi-
tive results. This will not prevent PCR amplification car-
ryover contamination but will reduce the likelihood of
a false-positive result being reported. Over the past two
decades, PCR assays and other DNA/RNA amplifica-
tion techniques have been utilized in clinical microbxpl-
ogy laboratories. Unfortunately, the exquisite sensitiylty
of these assays makes them vulnerable to contamina-

tion. Potential sources of contamination include .]a_rge
numbers of target microorganisms/virions in clinical
specimens as well as repeated amplification of the same
target sequence, leading to accumulation of amplifica-
tion product in the laboratory environment. 'The accu-
mulation of amplification productis a critical issue and,
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if uncontrolled, will lead to contamination of laboratory
reagents, equipment, and even the ventilation system.
Accordingly, clinical microbiology laboratories utilizing
PCR for diagnostic purposes have established protocols
to minimize this problem. Nevertheless, false-positive
results from PCR amplification carryover contamina-
tion in molecular assays continue to occur occasionally
despite the best efforts of a laboratory. When a false-
positive result is recognized, a corrected report should
be issued. In addition, a root cause analysis should be
done to be sure that there is no recurring systems issue
that can be corrected. Finally, communication with cli-
nicians about amplification carryover contamination in
a PCR assay is very important; many clinicians do not
fully understand this issue and may attribute such false
positives to technologist error.

STANDARDS OF CARE

Misidentification of microorganisms can occur for
a number of technical reasons; microbiologists are
familiar with these technical reasons for misiden-
tification, but clinicians may not understand these
issues.

When misidentification occurs and is recognized,
a corrected report must be entered into the health
record; moreover, the clinicians involved should be
called and told of this error and why such errors
occur despite best efforts to prevent them.

A root cause analysis should be done for misidenti-
fication in order to determine if there are any recur-
ring systems issues that can be corrected.

Molecular methods such as PCR can assist in the
correct identification of microorganisms, but may
require additional time; moreover, PCR methods
have their own set of problems with false-positive
results due to PCR amplification carryover contam-
ination being the most critical problem.

Because some errors caused by misidentifica-
tion cannot be avoided due to technical reasons,
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it is important that microbiologists/pathologists
maintain clear communication channels with clini-
cians in order to quickly explain and resolve such
errors when they occur.

SUSCEPTIBILITY TESTING ERROR

Susceptibility testing error does not occur frequently in the
clinical microbiology laboratory, but such errors can happen.
Often there is a technical reason for such errors; automated
susceptibility testing systems have been involved in such
errors.

Most clinical microbiology laboratories today rely
on automated systems such as the Phoenix Automated
Microbiology System for identification and suscepti-
bility testing. Such systems can give inaccurate results
for selected antimicrobial agents and microorganism
combinations; aminoglycoside resistance and suscep-
tibility testing errors for A. baumannii is one of these
combinations. It is recommended that confirmation by
a manual method be done for this combination.

The performance of susceptibility testing in a
clinical microbiology laboratory depends on robust
methodology, good laboratory practices, and clearly
delineated antimicrobial breakpoints. Moreover, rou-
tine susceptibility testing must be checked with both
internal and external quality control programs. At
one time, the results of susceptibility testing were SO
disconnected from actual clinical outcomes that Ol;s
microbiologist was compelled to ask “In vitro Veritas?
Fortunately, this message was heard anc% %r!nprowz-
ments were implemented. Today, susceptibility fess'
ing has been greatly improved thanks to organization
such as the National Committee for Clinical Labox:t(t);l'y
Standards (NCCLS), which has bt?en rename Th:
Clinical Laboratory Standards Institute (CLSD.

published standards/guidelines from the‘bﬁlicctlit{
CLSI provide the basis for uniform suscepti tl: tyto
ing procedures in the clinical microbiology laboratory.
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Although there are still occasional errors, these errors
should be recognized and quickly corrected.

Both clinicians and the clinical microbiology
laboratory face uncertainty when the results of a sus-
ceptibility test are not consistent with the established
susceptibility patterns for a particular species. The
availability and reflex use of a confirmation test may
be critical for directing proper antimicrobial therapy-
For example, the CDC recommend that clinical micro-
biology laboratories perform a modified Hodge test or
use PCR testing to confirm the presence of KPC car-
bapenemases in isolates with reduced susceptibility to
carbapenems. Clinical microbiology laboratories must
take an aggressive approach to detecting carbapen-
emases in order to provide clinicians with clinically
relevant susceptibility results.

One of the critical functions of the director of a
clinical microbiology laboratory is to select and moni-
tor the susceptibility testing procedures and results so
that these provide clinicians with relevant information.
As resistance is constantly changing, the director must
be aware of newly emerging resistance mechanisms

and utilize new molecular technologies to detect such
mechanisms.

STANDARDS OF CARE

Susceptibility testing errors can occur for a number
of technical reasons; microbiologists are familiar
with these technical reasons for susceptibility test-
Ing errors, but clinicians may not understand these
issues.

When a susceptibility testing error occurs and is
recognized, a corrected report must be entered into
the health record; moreover, the clinicians involved
should be called and told of this error.

A root cause analysis should be done for sus-
ceptibility testing errors in order to determine if
there are any recurring systems issues that can be
corrected.
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Molecular methods such as PCR are being evaluated
in place of phenotypic susceptibility testing meth-
ods, but are not yet widely used; it should be antici-
pated that PCR methods also would have their own
set of problems.

Because some errors caused by susceptibility test-
ing cannot be avoided due to technical reasons, it is
important that microbiologists/pathologists main-
tain clear communication channels with clinicians in
order to quickly resolve such errors when they occur.

POSTANALYTIC ERRORS IN THE CLINICAL
MICROBIOLOGY LABORATORY

The postanalytic phase in laboratory testing includes
the reporting of the laboratory result to the clinician
as well as the clinician’s interpretation of that result.
Reporting of laboratory results has received a great
deal of attention since the early 1970s when the con-
cept of critical values in laboratory medicine was first
introduced. This concept has been expanded to include
a “vital value.” A vital value is defined as a laboratory
result that is just as important as a critical value, but
one for which timing is not as crucial. Many of the test
results from the clinical microbiology laboratory logi-
cally can be defined as vital values. Microbiology test
results that are of vital value require timely notifica-
tion of the health care provider; most microbiology
laboratories call nurses or physicians for such results.
Notification of the health care provider for critical
values has become an established laboratory pqlicx in
all medical centers. Indeed, physician commurucapon
has become a focal point in efforts to promote patient
safety by preventing medical errors. Timely communi-
cation of important laboratory.data hi?s long been rec-
ognized as essential for providing optimal health care,

The responsibility for interpretation of laborato
data has not been as clear as the reporting of these data.
P .
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The role of surgical pathology in the interpretation
of histopathologic results has long been recognized.
However, similar interpretation of laboratory data by
the clinical pathologist has been less clear, and this
concept is only recently coming to the forefront. The
responsibilities of clinical pathologists, like the surgical
pathologist, should extend into the postanalytic phase
of the laboratory testing to assist clinicians in reviewing
and understanding the results, and often providing an
interpretation and/or recommending a future course
of action. Failure to provide such information may
result in a postanalytic error. The discussion of post-
analytic error that follows is based on the medical lit-
erature as well as the personal experience of the author
and includes common postanalytic medical errors from
the perspective of the clinical microbiology laboratory.

FAILURE OF CLINICIANS TO CONSIDER
AND/OR CORRECTLY INTERPRET
MICROBIOLOGY RESULTS

Failure of clinicians to consider andfor to correctly inter-
pret microbiology results is not a frequent cause of medical
errors, but the problem does occur. Consultation with inft'C-
tious disease clinicians and/or the clinical microbiology labo-
ratory director can help avoid such errors.

The diagnosis of Lyme disease can be difficult;
overdiagnosis and overtreatment of Lyme disease is
a recognized problem. In one notable case, a patient
died from a complication of her chronic indwell-
ing central venous catheter, which had been placed
for prolonged intravenous antimicrobial therapy for
chronic Lyme disease. The diagnosis of chronic Lyme
disease, however, was not fully documented. The
chronic symptoms of this patient were nonspecific,
and the results of her diagnostic evaluation for Lyme
disease did not support this diagnosis. In this case, the
diagnosis of Lyme disease was based on the result of
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one positive PCR assay out of a total of 11 PCR assays
done on this patient; this finding may have been the
result of PCR amplification carryover contamination.
Another similar case with false-positive results for
PCR testing for Lyme disease has been reported in
the medical literature. Sequential testing with enzyme
immunoassay antibody assay for B. burgdorferi and
confirmation by Western blot is the most accurate
method for ruling in or out the possibility of Lyme
disease.

Diagnosis of Whipple’s disease may pose simi-
lar difficulties, such as contradictory results between
PAS staining of duodenal biopsies and PCR tech-
niques. The problem of false-positive PCR results for
Whipple’s disease is also well known. Contradictory
results warrant antimicrobial therapy with oral
sulfamethoxazole/trimethoprim or oral tetracycline
as this therapy can result in rapid improvement of the
clinical status. Critical review of the diagnostic results,
including meticulous re-evaluation of all specimens
and repeated sampling, is warranted. Careful review
of previous culture results is always advisable, as is
telephone notification of this result to the clinicians
caring for this patient.

In another case, a patient was preoperatively sus-
pected of having a brain tumor based on imaging
findings but was eventually diagnosed with a brain
gumma based on brain histopathology and CSF analy-
sis. However, this patient’s medical history revealed that
she had been engaged in prostitution in the past; a serum
Venereal Disease Research Laboratory (VDRL)‘result
was positive, as was a fluorescent treponemal anhbod)"-
absorption (FTA-ABS) IgG test. Based on this serologic
information and the imaging studies of the brain, neu-
rosyphilis and a brain gumma should have been consxc_l—
ered. If neurosyphilis had been suspected, the diagnosis
could have been made by analysis of the CSF; this analy-
sis includes a CSF VDRL and FTA-ABS IgG test.

Related problems may arise in diagnosing acute
HIV infection as this infection is characterized by a

—
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negative or weakly positive ELISA test for HIV, a
negative or indeterminate Western blot analysis for
HIV-1, and high-level viremia detected by nucleic acid
testing. Quantitative testing for HIV-1 nucleic acids
may be needed to make this diagnosis. The fact thatan
ELISA test for HIV is weakly positive and the Western
blot analysis for HIV-1 is negative should not prevent
the correct test from being done.

Acute HIV-1 infection is also a recognized cause of
a mononucleosis-like syndrome and should be consid-
ered in the differential diagnosis for patients present-
ing with a classic mononucleosis-like triad of fever,
sore throat, and lymphadenopathy. The diagnosis of
acute HIV-1 largely depends on quantitative testing for
HIV-1 nucleic acids. Finally, acute HIV-1 infection pre-
senting as a mononucleosis-like syndrome also must
be considered in adolescents as up to half of all new
HIV-1 infections occur in this age group.

Diagnosing even a relatively common infectious
disease such as mononucleosis may be difficult when
the clinical presentation is not what is usually seen.

A final case illustrating incorrect interpretation
of microbiology results involves lack of recognition
of Staphylococcus lugdunensis as a pathogen. S. lugdun-
ensis is a member of the coagulase-negative staphylo-
cocciand, as such, may not be considered a pathogen.
However, S. lugdunensis has become recognized as an
atypically virulent pathogen with a unique clinical
profile. For instance, although coagulase-negative
staphylococci are rarely found in a breast abscess,
such infections do occur. Serious consequences may
occur if an S. lugdunensis isolate is in endocarditis.
Although rare, S. lugdunensis is now a recognized
cause of endocarditis and can cause destructive
native valve endocarditis. Because §. lugdunensis
isolated from blood cultures in children or adults
may indicate infectious endocarditis, coagulase-neg-
ative staphylococci from blood cultures should be
speciated.
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STANDARDS OF CARE

Failure of clinicians to consider and/or correctly
interpret microbiology results is less likely in an
age of electronic information when the medical
literature is available on one’s telephone; given this
fact, this type of error is less forgivable.

When clinicians do fail to consider and /or correctly
interpret microbiology results, it is likely to be an
oversight; attention to detail is important when
considering the volume of information generated
by a medical evaluation.

Newer molecular tests and /or newer antigen tests
are perhaps easier to misinterpret, in part, because
of their newness; their sensitivity and specificity
may still be evolving.

Recognition of the pathogenesis and virulence of
microorganisms are constantly evolving; do not
assume that a microorganism is not a pathogen
simply because it was not recognized as such in the
past.
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CHAPTER 6
Laboratory Management

CANDIS A. KINKUS

ACCREDITATION AND REGULATORY COMPLIANCE

Labqratory services are regulated at the federal level,
and in many cases, by one or more state agencies as
well. If state regulations are more stringent than fed-
eral,. then the state regulations supersede federal. In
addition, there are federally designated, nongovern-
ment agencies that conduct periodic and unannounced
on-site inspections of laboratories. These inspections
serve to document performance compliance with
stanf:iards and thereby accredit the laboratory to
receive or maintain a federal license to operate. This
federal license is referred to as a “Clinical Laboratory
Improvement Amendments (CLIA)” license as labora-
tory licensure was deemed a regulatory requirement
with the enactment of the CLIA of 1988.

Good management requires that the leadership
team understand both the federal and state laws as well
as the accreditation standards established by the inspect-
ing agencies. It is the leadership team’s responsibility to

ensure that actual laboratory practice complies with both
and accreditation requirements. Failure

to consequences ranging from almost
nothing to the catastrophic for the laboratory Service:_ for
example, from a substandard performance that requires
a repeat inspection to unacceptable performance with

suspension of license and testing.

legal regulations
to do so may lead
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UNDERSTAND REQUIREMENTS OF
STATE REGULATIONS

The management team must be aware of government (fed-
eral, state, and local) regulations, accreditation stqndurds,
and institutional policies. These performance requirements
apply to a broad range of laboratory activities, fndudmg per-
sonnel, safety, reports and records, claims billing, and waste
disposal.

PREPARE FOR INSPECTION

, ; . ; i ice.
Unannounced inspection for licensure is A routine practl

At a moment’s notice, the laboratory managem'ent leun:
must produce numerous test procedures and qualily repor
records that demonstrate performance over a ! "’0'-;/.mr
period. This requires a standard practice for documen m‘g.r
and maintaining records of test and instmmentlﬁ""f"f
mance, quality control, written procedures, and reviews. so
that these can be readily produced at the tinie of inspectioit.

COLLABORATE WITH INSTITUTIONAL
DEPARTMENTS

There are accreditation standards and regulations that
define key data elements that must appear on a test rusz‘rHS
report. However, the laboratory test report is also a medico-
legal record. As such, all test results and comments are
subject to interpretation in any legal proceeding.

STANDARDS OF PERFORMANCE

Laboratory management should verify
understand regulatory requirements at all levels
of government: federal, state, and local. Federal
regulations, including CLIA, routinely state that the

and
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ini erformance
federal requirements are a mm\(rln unr:lopre stringent
tandard and do not supersede ent agen-
2tandards from state and local gm:m‘:rfor AN
cies. It is also important to know the p e ssrcl
standards for any other regulatory 'a%s The Joint
as the College of American Pa.thologls G ot
Commission, and the American AssoOC kol
Blood Banks, that has accreditation over81§nd poli-
laboratory. The laboratory’s procedures il
cies must meet the most stringent requ ntity OF
imposed by the applicable regulatory €
accrediting agency. ced,
While lab%raistoryyinspectors arrive unam‘o;’é:e all
they are fully prepared and expect to Cof"‘z e
aspects of inspection within a specific tlma et
for that site. It is imperative that the man g'mtain‘
team has defined a standard process for m

: records,
ng necessary and complete documents and
so that these can be re

ime O
adily produced at the Qe
inspection. : medico”
The laboratory test result report is _aformatioﬂ
legal document and this applies to all in ¢ results:
contained on the report, not just the _teSeverydaY
Statements that are simple and clear 1r; standards
communication may not meet those lega e created
in a court of law. As test result reports rae ponsible
or revised, the management team 15

rly
e prope
for ensuring that these documents aré P
reviewed and approved.

PATIENT SAFETY

in 2000
plished 18 “ 7"
The Institute of Medicine ,eportblf:“number of neg;‘l_
clearly documented an unaccepta the key factors ¢ i
tive outcomes for patients. Or\;?i ::ft care is the fam:l;ids
ibuti blems in pa ice stan
t}:lb‘llttk‘\ncga:z ::hrzsirgers to define safe pract!
ea
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and consistently enforce compliance. This report led
to the development of the patient safety standards by
numerous agencies, including The Joint Commission
and the College of American Pathologists.

A key patient safety standard for the laboratory
is to ensure positive patient identification (PPID). It
is a required practice that PPID must use two unique
patient identifiers. These identifiers usually include
the patient’s complete name and one or more of the fol-
lowing: medical record number, complete birth date,
or Social Security number. Once a specimen has been
received in the laboratory and is in process, a common
practice is to assign a unique accession number that
may be used in conjunction with the patient’s name
during the testing process.

The PPID practice is a critical step in the preana-
lytic phase of laboratory testing. Some accrediting
agencies require that at the time of specimen collec-
tion, health care providers must use both “active and
passive” identification methods. Passive identiﬁcfﬂlon
requires the health care provider to verify the pnnt_{d
patient identifiers (on specimen labels, test requist-
tions, or computer screen) with a patient identification
armband that must be attached to the wrist or ankle
of an admitted patient. For active identification, the
employee is required to engage the patient to verbally
confirm his or her identity. A common practice is to
request the patient to state his or her complete name,
spell his or her last name, and provide his or her com-

plete date of birth. The employee must verify that the
patignk’s responses match the printed identifiers (on
specimen labels, test requisitions, or computer screen).
ceciuine TR PR L aAB el e S
wox'*kﬂ(_)w to ensure that the patient idesr’xst(itr))'lis(;m‘f;ﬁ;
maintained with the specimen throughout testin

Likewise, in the postanalytic phage hisic 8:

circumstances t.hgt may warrant pro\;idin are some
result to the clinician. Itis imperatiye e g a verbal
cation between both parties occurs IS commuypj-

With the yse of PPID.
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Regardless of the accuracy of the test method, a
correct result provided for the wrong patient can have
dire consequences, including loss of life. Laboratory
leadership is responsible for defining clear procedures
for patient safety, training staff to ensure competency,
and consistently maintaining accountability for com-
pliance by all staff at all times.

PERFORM PROPER SPECIMEN COLLECTION

When performing PPID, the phlebotomist often has multiple
computer-generated labels that will be applied to each test
tube. It is necessary to verify the patient identifiers on each
printed label, not just on the first label.

In the outpatient setting, patients present for specimen
collection, but do not receive a patient identification arm-
band. However, the patient does have a physician’s writ-
ten test order with the patient’s complete name. A conion
practice is to use this document in lieu of the idenliﬁcah_on
band. When performing passive and active patient z'dz_'nl:ﬁ-
cation, it is incumbent upon the phlebotomist to verify all
computer-generated labels and the patient’s verbal identifi-
cation with the written test order. o

In addition to performing both passive and active
patient identification, another requirement of PP]I? isto !n{;el
all specimen containers at the patient’s side. This practice
minimizes the risk of error that a label could inadvertently be
applied to a specimen collected from another patient.

VERIFY PATIENT IDENTIFICATION IN
THE ANALYTIC PHASE

Many test methods require that an aliquot of the specinen be
manually transferred from the original specinen container
er (tube, well, plate, cassette) for testing,

to another contain : selte) for
[t is absolutely necessary to verify the patient identification
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on ti'fe original specimen container with the patient identi
fication on the test container. Standard procedure is to per-
form this specimen transfer process on a one-by-one basis.
The employee should only work with one patient af a time
when transferring specimens from one container to another.
This practice reduces the risk of erroneously transferring a
sample from one patient to a container identified for another
patient,

To minimize the amount of blood collected froma
patient, it is common practice to use one tube of blood
or body fluid for tests that are performed in multiple
departments. The usual practice is t0 properly labd
new test containers and then aliquot samples frorn.lhe
original specimen. Patient identifiers on the original
tube and aliquot tubes should be verified as the sam-
Ples are dispensed.

o u!f the initial test result is positive
reg l“e_b a repeat test to validate an or
ult, it is recommended to obtain the
m_er\ Container, if possible, and perform the repgat test
with a sample from the original specimen .t:ox;ta;%lrr\zf;l ;

e importance of performing specimen I
one-by-one pas; ed. It is analogous
sis canniot be overemphasized B

to the pati ;
ent safety standard that requires
;Xr‘:;tqont“‘."crs are labeled at the patient’s side. Both of ghese
iCe standards are intended to ensure that Hhe spectmiett

Materig) ; : fent
idcntified”r the container actually belon§s to the patien

on the container.

and the method
iginal positive
original speci-

CONFIRM p DING
ATIENT IDENTITY WHEN PROVI
VERBAL RESULTS

In the yas : :
’EChnoIz:)‘;; zm]t';rify of patient care situations, infor ”’“fwf'
access to tc;:a les the clinician to have ready electronic
where g pat,-e,,tr.e‘sf‘us-_Howevcr, there are circumstances
N0t have jiy e dfs t"‘ critical condition and the promdgr_dqes
Will then cq)y iate electronic access to results. The clinician

the laboratory and request a verbal report of
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the results. At any given time, the laboratory is performing
tests on dozens if not hundreds of patients. Patients with
fhe same or very similar names can be undergoing testing
in the same time frame. It is still necessary to obtain patient

identifiers to ensure that the correct results will be provided
on the correct patient.

STANDARDS OF PERFORMANCE

The laboratory service is unlike any other health care
service in that testing is performed in the absence of
the patient. Thus, it is absolutely imperative to define
Procedures to ensure that both patientsand patients’
Specimens are accurately identified throughout the
testing process. Staff must consistently comply with
€y performance standards for PPID.

Atthe time of collection, a health care provider must
perform both active and passive identification. In
those circumstances where the patient cannot com-
Municate, the laboratory should define appropriate
actions in consultation with risk management. A 1
labels must be applied to specimen containers in the
Presence of the patient.

uring the analytic phase, it is partiquatly.if{"Pf’r'
tant to design manual work processes to minimize
the risk of erroneously placing patient specimens in
an incorrectly labeled test container- .

Il verbal communication must include unique
patient identifiers. This will reduce the risk of con-
fusing information about two different patients
With the same or similar names.

QUALITY MANAGEMENT AND PERFORMANCE

IMPROVEMENT

A defined quality management (QM) program is an
essential tool to measure the success of clinical testing
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services. A QM program must evaluate the production
of test results across the entire performance spectrum:
the preanalytic stage, the analytic stage, and the post-
analytic stage. B
The clinical leadership is responsible fpr 1dent}fy-
ing specific performance indicators to monitor against
defined performance thresholds. Generally, tests 2%
selected for monitoring based on the potential lmP?cr
to patient care. “High volume” tests are those ;
which errors would affect a large number of patxenld,
“High risk” tests are those for which errors lwouof
produce serious negative outcomes, including oTSde
life or limb. Performance indicators ShO'Lllld mcl utic
appropriate activities across the preanalytic, AnalyL s,
or postanalytic phases. .
Perfon)lganfe thresholds may be defined Tdsgl‘:etr;el:
ways. A common practice is to base a thresho turn-
required outcomes for patient care, such as ardered
around time (TAT) of 40 minutes for test resultS© drug
On stroke patients for whom timely therapeuhgench_
Intervention is required. Some performance S
marks are determined by the accreditation .stan_denﬁ:
for example, the presence of two unique patient!
fiers %1: specimen containers. : 3
ere are some tests that largely S€
Patient population, In this setting:a ityis necessz'lfynsg
understand the industry standards eStablisheq 1r}mes
commercial marketplace such as acceptable Wait :
OF patients in an outpatient phlebotomy service:

ve an out-

COLLECT AND ANALYZE DATA TO SUPPORT
PATIENT OUTCOMES

To effectively evaluate routine performance of @ test at any
Phase, one nuust first measure the act ivity and then define the
performance standard. It is often necessary to conduct sev-
eral observations and measure the time to complete the pro-
cedure from start to finish. Once the performance standard is
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determined, then the performance threshold can be defined.
Generally, an acceptable performance threshold is reported
as the ability of the laboratory to complete the procedure and
meet the performance standard with a high rate of success.
A poorly defined performance threshold or inadequat_e data
collection will lead to a failure to identify problems with the
proceduire, and thereby pose an undue risk to patient care.

DEFINE PERFORMANCE STANDARDS

When there is a failure to accurately define a performance
standard, then it will not pe possible to identify problems
and take correctiye action. Various performarnce indi-
cators can be monitored such as the TAT for test results
or patient wait times, A threshold must be appropriately

defined for ench performance indicator. The actual perfor-
mance can then be o,

lu-
npared to the threshold and eva
ated as to whether the actual performance is acceptable o
unacceptable,

STANDARDS oF PERFORMANCE

Laboratory pPerformance must be measured {0

ensure that the service meets or exceeds the defined
standard.

An appropriate performance threshold
Mmust be defined for the performance mdl_catoa\at %
Measuring performance indicators requnrefs 0
Iepresentative sample must be collected for e
analysis, Therefore, it is necessary to -undersitha
the unique characteristics that are associated W
particular test or procedure. : .
Itis important topconsider the most ﬂPP]‘Cab_l: dl:?alf
of measure when reporting a performancle ldeﬁne
for. Many accrediting agencies flje‘que“t r);|eet G
acceptable performance as the a:’bﬂ“)’ tor .
performance standard at least 80% of the time. .

g ; ber for per

Generally, reporting an absolute num b
formance indicators is an appropriate measur
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use where errors can have significant consequences
such as an incorrect blood transfusion.

FINANCIAL MANAGEMENT

Provision of laboratory services requires resc})?rce.s s
staff, equipment, and supplies. The leaders IPlnls
responsible for acquiring resources and lmban;gétsg
expenses in both the operating and cap . tuaxi s
It is also necessary to manage the revenue scll'et'mel
that billing claims are submitted correctly and tmey
to maximize payment for services. isti
When agse};s'mg the expansion of & t:::‘ShInO%
laboratory service or implementation i costg (if
grams, the financial impact of the Operingl ciflated
necessary, capital expenses as well) must e other fac-
This financial analysis should also consie] to pursue
tors. The opportunity cost of not Choosmgesseé). This
new or expanded programs must be a5 tient care
evaluation should include the impact o Pc‘; creasing
such as a decreased length of stay (LOS) by €& onsider
result TAT. A financial assessment should 8IS0 Ct mine
the pros and cons of “make versus buy” ancli’de El‘" the
Whether it is cheaper and more efficient 10 “MaX
test in the laboratory or “buy” it from a vepd?f- moni-
Operating expenses should be r(,utmef)’ hould
tored on a monthly basis. Supervisory stnf Snf‘ m
o Vlew budget reports for actual expenses B ”lt
Fha'xt both staff salary and supply costs ar¢ COrrect..b
IS Important to engage staff so that they €an ps
ute to controlling supply expense. Em_P

il;nmb45. days or more from the date when =
Submitted. Defineq processes for inventory manage
ment should pe structured to minimize unnecessary
Overstocking on supplies,
Conversely, billable test volume and revenues
must be regularly reviewed as well. Management
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. correct
oversight should include verificahonTthC?;tdtgeare sub-
Current Procedural Terminology (CP ) sulssslons
mitted on claims. The timeliness Of_CI?"}‘ & the Hisk of
should be monitored as well to minimiz
nonpayment for services rendered.

MONITOR SUPPLY EXPENSES

easonable
Supply inventory should pe managed e ;}pr;ly inven-
quantities are maintqineq on site. ExCESS[';i) be better spent
tory ties up financial yesorces that cot w or expanded
on salaries, capitg| equipment purchase, 1e
programs, and infrastry ety re yeeds. inely review actual
€ managenient team must rou'll";?d of. Although
expenses that qre charged to the operating bt ,ﬁ;}e functions
much of the purchasing and accounts pay

ities
s+1l opportuni
are electronically Processed, there are still opp

for error.

MANAGE REVENYE

is released
ituati ) st method 5 rfsurers
In those fery Sttuations when q neu to verify that i -
with a new Cp code, it is important '+ Houwever, there 2
il reimbyy. ew test. T code wi
will reimburge payment for the n ¢ with a CcP s
circumstmu‘es when an existing tes rotocol for patu’n‘m'ew
be recommended g4 part of a new F’t also warrants 'ar i
diagnosis or treatment. This srtuutl?,:’b" rse puyruent [
to determine that insurers will rei
New use of the test. al i :
1cia t is one
Managers should use finar wonly used ;:epf)r A
monitor the revenue cycle. A ""'5'2 claims. This ‘:‘?Pa"s’; e
that monitors the number of denie panager ta‘ investig o1
indicate problems that require the ! ts are received. Clair ;
and take action to ensure that pay It',“,,’;‘tliﬂg claims, mc‘orrelcd
< s in subn dinaniosis, ar
tied due to delays ir incorrect diag
'g;%"iig:; or modifiers, missing or M¢
niany other causes.

reporting tools to
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ASSESS PROGRAM OPPORTUNITIES

When evaluating the financial impact of a test, the pot_en.lzl'al
effect on patient care must be considered as well. Upon initial
examination, a test may have a modest ﬁnancial impact on
the Inboratory budget. Howeuver, the results may allow pro-
viders to initiate treatment so that it subsmnﬁa{ly benefits
both patient care and the institution’s financial picture.

STANDARDS OF PERFORMANCE

Managers should routinely —monit
expense and inventory. In addition, 4
tory staff must participate in effectively manag;g%
supplies to better control operating eXPe“ses‘l. s
every dollar in operating cash spent on SUPP l: I
one dollar less is available for salaries and capi
equipment. ;

The need to obtain the best price for supplies s.houlcf
be balanced with maintaining a reasonal?le J{Went
tory. Generally, payment for testing services 18 I?ge
received until 45 days or longer after the ser_Vlt
has been performed. Thus, there is little beneﬁtth (:
investing operating cash to purchase a product 2
could last for many months or years. BiE
Operating budget reports should be reviewee
monthly to ensure that appropriate supply eXP ense'T
are documented. This includes verifying that
lease payments or reagent rental fees are €OT rect, as
per the contracts, 3
Product inventory should be monitored and this
includes those test supply items that are pl'OVidEd
to clients. For those supplies that are provided to
clients, there should be a reasonable association
between the test volumes returned to the laboratory
with supply items delivered to the client.
Operational processes should support accurate and
timely billing and claims submission to ensure that
the full revenue payment is received for services

or supply
all labora-
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rendered. When implementing new test programs
it may be necessary to confirm that insurers will
provide reimbursement for a new service.
Automated electronic billing must be used as new
tests are added to the test order menu. This will
ensure that claims are consistently and correctly
submitted within contractual requirements. )
Financial management reports should be moni-
tored to identify any problems with claims sul?-
missions and payment denials. The manager is
Tesponsible for taking corrective action to ensure
that claims are accurate, complete, and meet con-
tractual deadlines,

fie laboratory leadership is responsible for recog-
nizing the larger impact of the laboratory service
On patient care. There may be circumstances when
‘neurring additiong] costs to provide a laboratory

servxce. is more than offset by an enhanced outcome
Or patient care.

STAFF MANAGEMENT

The laboratory leader
at qualified staff ar

Pr(:“de accurate test results. Building
S:nedr;;:t’zsplo)’%s starts with the prope
1 ; to

A well-defined training program 13 necess;zr')‘; i
ensure consistent performance by all new emp et)ency
Orientation training must also include con;\(p e
assessments to objectively measure actual task p
Mance relative to the procedure standard. ST

Management must also define and COE s
Objective performance standards to staff. n;Pcle};rly
should receive periodic reports so that they ‘cawork &
understand how they are completing their
Compared with the standard.

. rin,
ship is responsible for ensurng

trained to
e hired and pl‘OPe‘;le);n: ol zoriic

- selection of
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SELECT QUALIFIED CANDIDATES

The selection process starts with a well-defined job descrip-
tion that includes required education, experience, and skills.
It is necessary to interview candidates and thoroughly assess
their capabilities to meet the job requirements. However, it is
equally important to evaluate the candidate’s z'nterpcrsonle
communication skills with other employees and to obtain

objective references from the candidate’s current and previ-
ous employers.

DEFINE STANDARDS AND MEASURE
ACTUAL PERFORMANCE

Performance standards should be clearly defined and com-
municated to staff so that they understand what is required
to successfully accomplish tasks. It also enables coworkers to
form a stronger sense of team since their work is meas.ured
based on objective standards and not subjective perception.

ADDRESS COMPENSATION ISSUES

Many factors can impact the ability to hire and retain staff.
A competitive salary is one of the key elements for attract-
ing and retaining employees. Laboratory managenient must
identify those circumstances that can create a noncompeti-
tive position with salaries. It is also important to engage the

human resources staff to assist with collecting data and, if
necessary, finding solutions.

ASSESS STAFFING LEVELS AND WORKLOAD

It is important to monitor test volume activity and identify
when new staff are required. This allows the labora tory to
continue to meet performance standards and minimize a ny
disruption in service.
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STANDARDS OF PERFORMANCE

Evaluating candidates should include an assess-
ment of their clinical expertise and their commu-
nication and interpersonal skills. When possible,
candidates should be interviewed by colleagues
and subordinates as well as by superiors.

It is recommended that references are obtained
from both current and previous employers when an
applicant is the preferred candidate for a position.
Clearly define objective and quantifiable perfor-
mance measures for employees. This allows employ-
ees to understand what is expected and enables the
laboratory to dependably support patient care.
Identify conditions in the marketplace that can
affect salaries and impact an employer’s com-
petitive position. The human resources staff can
provide the necessary data to justify appropriate
actions to recruit and retain staff.

Monitor test activity to determine staffing needs.
When appropriate, analyze data and define when
staffing coverage should be assigned.

LABORATORY SAFETY

The laboratory leadership team must ensure that the
work environment complies with safety standards as

defined by government regulations, accreditation stand-
ards, and institutional policies. In addition to implement-
ing procedures, the staff must be educated to properly
perform safety procedures and comply with them.

DEFINE PROCEDURES AND MONITOR
COMPLIANCE

Since the mid-1980s, the Occu;mﬁwm_l Safety and Health
Administration (OSHA) has required that persopql
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protective equipment must be used in all situations where
there is a risk of biohazard exposure. In the laboratory, all
staff are required to wear laboratory coats and gloves when
handling specimens and performing tests. _
Laboratory management must have defined written
procedures for laboratory safety and must monitor compli-
ance with these procedures. Staff are required to comply wit{x
all safety procedures, and laboratory leadership is responst-

ble for holding staff accountable to properly perform work in
accordance with the safety standards.

STANDARDS OF PERFORMANCE

Laboratory management is obligated to implement
defined procedures that meet safety requirements
and monitor staff compliance with safety stand-
ards. Appropriate staff resources within the labo-
ratory and from outside departments should be
actively engaged with defining, implementing, and
monitoring laboratory safety matters.

Safety practices are applicable to all employees who
perform those tasks that are covered by government
regulations or institutional policies. As new safety
initiatives are implemented, staff should be trained
in proper practice and understand that there are
consequences for noncompliance. It is manage-
ment’s responsibility to monitor compliance and

provide a mechanism to allow staff to report safety
failures without fear of retaliation.

SPECIMEN LOGISTICS

An important step in the preanalytic process is the
transport and delivery of specimens to the laboratory
bench. It is imperative to understand the regulations
that govern specimen transport and ensure that the
actual practice is in compliance. The transport pro-
cess must be designed to minimize the risk of losing
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Specimens as they are moved from the collection sjte
to the laboratory bench.

There are Department of Transportation regula-
tions that define numerous standards for transport-
ing biohazardous materials. These regulations apply
to both internal transport within the hospital from the
patient “bedside” to the laboratory and external trans-
port by courier services from an outside facility to the
laboratory. A health care facility is accountable for con-
tracted vendors. Therefore, it is incumbent upon the
laboratory management to ensure that its contract with
an outside courier service requires vendor compliance
with regulations. The laboratory will be liable should
a contracted courier service fail to meet Department of
Transportation standards.

There should also be an efficient process to
ensure that specimens are moved from the collection
site to the laboratory bench. This process should be
designed to move the specimens in a timely manner.
Within a health care facility, it is generally easy 1
accomplish timely transport through the use of pneu-
matic tube transport systems. The widespread a(L(;P
tion of computerized provider order entry enad e;

the laboratory to better manage pending test or t}i?s
with the receipt of patient specimens. However, .-
5 : ing when moving
process design is more challenging W€ to the
specimens from satellite collection facilities

laboratory.

TRANSPORT SPECIMENS FROM SATELLITE SITES

ted, at all times, in a manner
that complies with all safety standards and rmmmrf’(;s n‘sik of
exposure to biohazardois materials. A process for “handing

i Jocation to another must be defined

‘ ; s from one :
off” sp ecimens fr ine circumstances. Any num-

: itine

T ne and Nonrol : .

{]Or l’;”l ’(:;:xtx’mimtion tools (verbal, written, or electronic)
er of con

can be appropri Iy applied to the situation in an effort to
n

el
minimize the rs

Specimens must be transpori

k of losing specimens.
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DEFINE EFFICIENT WORKFLOW PROCESS

Workflow should be designed so that staff can complete tasks
with consistent efficiency. When possible, nonvalue-added
tasks should be removed from the work process.

STANDARDS OF PERFORMANCE

All specimen transport activities must comply
with government regulations to ensure that there
is minimal risk of biohazardous exposure or con-
tamination. Laboratories are responsible to ensure
that both their employees and contracted vendors
acceptably perform these duties.

The procedure for transporting specimens should
be designed to ensure that there is documentation
of a specimen’s location as it moves through the
“transport system.” Documentation can be either
electronic or paper and, when necessary, may need
to include verbal communication as well.

The workflow process should be efficiently
designed to move the specimen from the preana-
lytic step to the bench for analysis. Nonvalue-added

tasks should be removed and reassigned to desig-
nated staff.

TEST UTILIZATION

In the ongoing national debate concerning the growing
consumption of health care services, increased expen-
ditures for laboratory tests, particularly molecular
diagnostics, face continued scrutiny to control costs.
Evaluating test utilization should cover both inpatient
and outpatient activity as well as those tests that are
performed in the laboratory and those sent to an out-
side vendor.
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Effectively managing test utilization produces
both operational and financial benefits. By reducing
excessive orders for tests, there is available capacity,
with both staff and instruments, to implement new
tests as the need arises and to absorb increased vol-
ume. It will also increase the net revenue margin for
test services that are reimbursed through capitated
payments.

CREATE PARTNERSHIPS WITH KEY CLIENTS

In its effort to appropriately manage test orders, the labora-
tory leadership should consider engaging external resources.
These resources can include practicing physicians who are
“thought leaders” within a medical specialty, information
technology tools that can monitor activity, or consultative
expertise from other areas such as finance, compliance, legal,
or risk management.

MANAGE TEST UTILIZATION

Inappropriate utilization of some tests may occir be,mf‘s‘;
there is a poor understanding of the appropriate c‘h{uc;z
indications. The laboratory clinical leaders can (.Ilchj‘.’e'l{
manage appropriate test utilization and constructivery sup

port the providers.

STANDARDS OF PERFORMANCE

Patient care providers can obtain large amounts
of diagnostic information from numerouc_;, teﬁ;s'
Whenever appropriate, the laboratory leadership
should engage technology to assist in ?ppropnately
directing the selection and ordennng of tests.
Laboratory management must be effective stewards
‘ instruments, and supplies, Test

its employees, Sy s
gidl:* ;attpern); should be periodically monitored to
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identify any excessive or unnecessary utilization.
Appropriate test order activity will ensure that lab-
oratory resources are efficiently supporting patient
care and that there is available capacity to manage
increased volume and implement new tests.

COMPETITIVE PERFORMANCE IN THE
OUTREACH MARKET

Hospital laboratories have long recognized the oppor-
tunities of testing services in the outpatient market.
The hospital has the capital infrastructure and capac-
ity in the off-hour shifts that coincidentally is the time
frame when most outreach testing is performed. A
hospital laboratory also has an existing relationship
with the physicians who admit patients and can build
on that relationship.

Hospital laboratory leadership must recognize
that performance standards in the outreach market
are decidedly different from those for their inpatients.
To succeed in outreach, the hospital laboratory must
compete with commercial laboratories and at least
meet, if not exceed, the performance standards in the
outpatient marketplace. It is imperative to understand
the service standards, conduct a SWOT (strengths,
weaknesses, opportunities, and threats) analysis, and

implement the necessary processes to meet the clients’
service expectations.

UNDERSTAND SERVICE REQUIREMENTS

The laboratory managenient team often attempts to capital-
ize on its “strength” of clinical expertise. Frequently though,
the laboratory fails to adequately evaluate the clients’ service
needs or provide the clinical consultation most needed by the
ordering physician.
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MANAGE STAFF PERFORMANCE TO SUPPORT
OUTREACH MARKET

There are many service demands in the outreach market
that do not coincide with service demands for inpatients
and hospital unit staff. It is incumbent upon the laboratory
leadership to understand the outreach service requirenents,
educate the staff, and implement any necessary workflow
changes to support the clients’ service needs.

DEFINE INFRASTRUCTURE REQUIREMENTS

Hospital laboratories can engage support for the outreach
market from a broad array of services provided by other
departments such as finance and marketing. It is manage-
ment’s responsibility to constructively engage colleagues in
other departments and clearly communicate service needs
and to assist with development and implementation.

STANDARDS OF PERFORMANCE

Once the specific laboratory servic_es' f(?r the o'ut-
reach market have been identified, it is imperative

to evaluate the service requirements as defined
by the clients. Service requirements can -be very
broadly defined from ease of test orc!ermg and
availability of specimen collection supplies to c?m-
plete and comprehensive reports that are consist-

ently delivered ina timely manner.
Management must ensure that there are adeguat?
resources, both instrument and staff, so that clients
service needs are reliably met.

The management team must educate staflf to under-
stand that the service needs for the “outreach”
market are different, and problerps must be appro-
priately addressed. When thgre is a f_axlure at any
step in the process (preanalytic, anal.ytlc, or postan-
alytic phases), there should be a defined procedure
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that directs staff to notify the appropriate individu-
als who can assist with troubleshooting and prob-
lem resolution. :

Competing in the “outreach” market often requires
infrastructure support outside of traditional hospi-
tal laboratory operations. The laboratory manager
must enlist key departments, such as finance, IT,
and marketing, and engage them so that they fully
understand the performance requirements to meet
the clients’ service needs. Laboratory leadership
should maintain constructive and ongoing com-
munication with these external departments so that

they can continue to support the service demands
for the “outreach” clients.

SELECTION AND MANAGEMENT OF REFERENCE
LABORATORIES

The volume of tests sent to reference laboratories gen-
erally comprises a relatively small percentage of tota}
ordered tests. However, the expenses incurred for ref-
erence ]aboratory services often constitute a significant
portion of the supply budget. With the introduction
of molecular diagnostic tests, the costs for reference
laboratory testing have been growing exponentially
for more than a decade. Laboratory leadership must
be actively engaged in the selection of vendors for ref-

erence testing service and the providers’ utilization of
this resource.

MONITOR UTILIZATION OF REFERENCE
LABORATORIES

For hospital-based laboratories, there are regulatory require-
ments that stipulate that the selection of reference lnboratories
must be determined jointly by the laboratory leadership and
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the hospital’s medical staff. It is necessary for laboratory leq_
ership to actively engage in the selection and use of reference
laboratory facilities. The laboratory management team pog-
sesses the expertise to carefully evaluate the clinical quality,
suitability of the test menu to meet patient needs, and service
performance of the various vendors. These factors, in addition
to cost, nust be assessed when selecting a reference laboratory,

EVALUATE VENDORS’ FULL SCOPE
OF PERFORMANCE

Given the explosive growth in molecular testing, managers are
finding that costs for reference testing can consume 10% or
niore of total supply costs. It is certainly essential to consider
costs when evaluating vendors for reference laboratory test-
ing. However, clinical quality and service performance must
also be considered. The vendor must meet defined clinical and
service criteria so that the patient care needs are nppmpriﬂf'dy
provided. Also, regulatory requirements hold the hospital
laboratory accountable for any subcontractor’s performance.

STANDARDS OF PERFORMANCE
Even when a contract is in place with a vendor, the
cost for reference testing can spiral out of control
when providers are given carte blanche_to b(.)th
order tests and select the refergnce ”tesl'mg ixte.
Laboratory leadership must monitor “leakage” of
tests to noncontracted vendors and{ where appro-
priate, engage the clinicians and redlrect_ the tests.
Common business practice does require a com-
ices that incur signifi-

petitive bid for those servl '
cant expense. However, the selection of a reference

laboratory service should be eyaluated on clinical
performance and service requirements as well as
cost. Consideration of these thre{e elements can bet-

at the necessary diagnostic needs for

ter ensure th : 2o
are addressed in addition to the busi-

atient care .
Eess need to effectively control costs,
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INSTRUMENT SELECTION FOR THE CLINICAL
LABORATORY

The diagnostic laboratory industry is composed of manu-
facturers who compete in both the national and global
marketplace. There are a large number of instruments
available to meet the needs of both commercial and
hospital-based laboratories of all sizes. It is imperative to
clearly understand patient care needs in order to prop-
erly select instruments. Selection criteria should include
clinical method evaluation, reagent stability, throughput
capacity, ease of use and process control, and documented
instrument performance and vendor service record.

UNDERSTAND PATIENT CARE NEEDS

The acquisition of any major instrument requires a thor-
ough consideration of both current patient care needs and
any new programs. Failure to do so may create a situation

where the laboratory is unable to properly support patient
care needs over the life of the instrument.

EVALUATE COMPETITIVE PRODUCTS

Many laboratory instruments are offered by manufacturers
who compete in the global marketplace. As in any industry,
these competitive forces drive manufacturers to continuously
enhance their instruments and reagents. Laboratory manage-
mient should engage in a competitive evaluation of products to
ensure that it is providing the latest technology that best meets
patient care needs and optimizes the efficient use of resources.

STANDARDS OF PERFORMANCE

The acquisition of new instrument technology
must consider the current and future patient care
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needs. Laboratory managers should collaboraté
with key departments, such as finance, business
development, and marketing, to identify programs
planned for future implementation that will require
support from the new instrument. Clearly defining
current and anticipated patient testing needs can
Improve the instrument selection process by pro-
viding for discounted costs triggered by volume
targets and enhanced performance requirements
from the vendor.
An instrument reaching the end of its useful life
presents an opportunity to comparatively assess
new technology and select an instrument and rea-
gent system that can best support patient care.
Many instruments have a useful life of 5 to 7 years
or sometimes more. However, the competitive
forces in the marketplace drive technological inno-
vations during that same period of time. These
innovations can benefit patient care and laboratory
operations and should be evaluated.
Clinical performance is crucial to evaluating
instruments. However, many other factors must be
considered as well. Methods should be assessed to
ensure that staff can work efficiently and ina man-
ner that minimizes the risk of errors. The financial
assessment should identify “hidden” costs that
may be associated with quality control, instrument
maintenance, or other factors such as a renova tion
expense that may be required for installation.

SELECTION AND UTILIZATION OF A LABORATORY
INFORMATION SYSTEM

The laboratory information system (LIS) represents a
strategic investment in data management capabilities
funds. These laboratory test results provide

and capital 1 ]
essential information to providers for the diagnosis
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and treatment of patients in both inpatient and out-
patient settings. Therefore, the selection and ongoing
operation of an LIS requires participation from a broad
array of users, clients, and key stakeholders.

When selecting an LIS, the users, both pathologists
and technologists, must identify performance require-
ments such as capabilities for managing and process-
ing test orders, interfacing with various instruments
and other software information systems, manipulation
of data to support numerous requirements for results
reporting, and supporting ancillary functions such as
billing, client services and QM, and process control.
A dedicated team from across the clinical and ana-
tomical pathology services should define and rank the
performance requirements. These criteria can serve as
an objective tool to evaluate each LIS application.

Laboratory clients include physicians and nurses.
They may have test order or result report needs for
patient care that should be considered when assessing
LIS applications.

Key stakeholders include other departments that
must interact on some level with the LIS. For example,
the information technology group provides services
such as network support or interface design and main-
tenance associated with other software applications.
Finance is another department that may rely on the LIS
for obtaining coding data and completing claims sub-
mission. It is necessary to engage these key stakeholders
and assure that the LIS will not compromise any neces-
sary operational processes with external departments.

Lastly, the management team must understand
the level of staff expertise that is required to support

the LIS, including adequate staff coverage and the nec-
essary training of users.

DETERMINE STAFF SUPPORT FOR LIS

The laboratory leadership shoxltld manage the LIS instal-
lation so that its performance is optimized to support data
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management, When extensive custom modifications are
required for the software, management should understand
and plan for the necessary support resources.

CONFIRM COMPATABILITY WITH OTHER
SOFTWARE APPLICATIONS

There are a number of software applications that must be
mtefﬁzced to an LIS. The “owners” of these external infor-
mation systems should participate in evaluating the new LIS
P’O{h{c’ts to ensure that there is an acceptable degree of coni-
patibility. Failure to do so can create unnecessary problems.

SUPPORT CLIENTS’ SERVICE EXPECTATIONS

P ,m_"’d ically, a labo ratory will expand its test menu. When pro-
viding a new service, it is important to understand the service

requirements that clients may have for these result reports.

STANDARDS OF PERFORMANCE

It is the responsibility of laboratory leadership to
understand and define the resources required to
support the LIS. Resource needs can vary depend-
ing on the complexity of the LIS. A highly cus-
tomized LIS will require staff with programming
expertise, whereas a simple “turnkey” application
will require vendor-trained staff.

The LIS provides critical support for data
management of test orders and .results. Given the
laboratory’s key role in patient diagnosis and treat-
ment, it is absolutely essential that the LIS can
effectively communicate with various independent
software applicntjons: The laboratory leadership is
responsible for engaging key stakeholders of exter-
nal software applications and ensuring that all nec-
essary performance requirements can be met.
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When selecting a new LIS, a laboratory team should
be formed with representation from across numer-
ous subspecialties. The team should define and pri-
oritize performance requirements that can-tl_'\gn be
used as an objective tool to measure capabilities of
various LIS applications. .

Clients’ needs for test ordering or result reporting
should be solicited. They should be engaged when

evaluating a new LIS and also when there is a ser-
vice update.
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anaphylaxis, 35
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anemia, errors in diagnosis of,
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antibody detection, 11
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anticoagulant-associated
intracerebral hemorrhage
(AAICH), 31
anticoagulant therapy
monitoring
in patients with argatroban, 76
in patients with
fondaparinux, 72-73
in patients with low
molecular weight
heparin, 67-68
in patients with
unfractionated heparin,
63-64
in patients with warfarin, 59
anti-factor Xa assay
fondaparinux, 73, 74
low molecular weight
heparin, 68, 69
unfractionated heparin, 64—66
antigenic tests, 136
antigen typing, 11
anti-IgA antibody, 34
anti-Kell alloantibodies, 33-34
antineutrophil cytoplasmic
antibodies (ANCA) tests,
errors in interpretation of,
134-135
antinuclear antibody tests,
CITOrS in interpretation of,
131-132
antiphospholipid antibodies,
evaluation for, 100
antiplatelet agents, platelet
dysfunction evaluation
in, 114
antithrombin
in active clotting, 97
antigenic tests for, 95
in children, 97
defidency of, 96
apheresis platelets, 24
approval-only ordering, 186
argatroban
anticoagulant therapy
monitoring in patients
with, 76

clot-based activated protein C
resistance assay, 94
coagulation factor assays, 85
aspirin
baseline platelet function, 114
platelet transfusion for
patients on, 24-25
atypical lymphocytosis,
differential diagnosis
of, 127
autoimmune, immunology, 131
autologous blood, inappropriate
use of, 12-13
automated control process, 147
automated electronic
billing, 271

babesiosis, 196
Bucillus cereus, 212
Bacillus infections, 212
BCC. See Burkholderia cepacia
complex
BCYE agar. See buffered charcoal
yeast extract agar
beta-lactamases, 212
Bethesda unit, factor VIII
inhibitor, 109
biopsy, 192
Blastomyces dermatitidis, 215
blind operators, 166-167
blood, 11
circulation, exposure to,
17-18
issue of, 8-9
transfusion, refusal of, 27-28
blood collection, 208
blood donors, adverse reactions
in, 28-29
blood sample collection, error
in, 9-10
blood sample for anti-factor Xa
monitoring, 70
Blymphocytes, blastoid
transformation of, 197
bone marrow aspirations, 192
bone marrow biopsy, 128
Borrelia, 200



Borrelia burgdorferi infection, 197

broad-spectrum empirical
antimicrobial therapy, 198

bronchoscopy specimens, 202

buffered charcoal yeast extract
(BCYE) agar, 202

Burkholderia cepacia complex
(BCCQ), 216

Burkholderia pseudomallei, 216

CAD. See cold agglutinin discase
CA-MRSA. See Community-
associated methicillin-
resistant Staphylococcus
Aureus
c-ANCA, 135
CBCs. See complete blood counts
CCI. See corrected count
increment
Centers for Disease Control and
Prevention (CDC), 198
cerebrospinal fluid (CSF), 198
gram stain of, 211
cervical lymphadenopathy, 192
chemical hazards, 182-183
children
coagulation factors in, 87
protein C, protein S, and
antithrombin in, 97
von Willebrand factor antigen
in, 105
Chlamtydia, 200
chromoblastomycosis, 205
chronic anemia, rapid
transfusion in, 13
chronic myelogenous leukemia
(CML), 126
CLIA. See Clinical Laboratory
Improvement
Amendments
clindamyein, 213
clinical chemistry, 143-190
core chemistry, 146-152
endocrine testing, 171-175
laboratory information
systems, 175-180
laboratory safety, 180-185
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outreach testing, 185-189
point-of-care testing, 159-171
specimen receiving and
processing, 143-146
therapeutic drug monitoring/
toxicology, 152-159
Clinical Laboratory
Improvement
Amendments (CLIA), 157,
162, 164, 259, 260
of 1988 law, 161
Clinical Laboratory Standards
Institute (CLSI), 221
clinical microbiology
analytic errors in, 210
postanalytic errors in,
223-224
preanalytic errorsin, 191
results, 224-227
clot-based activated protein C
resistance assay, 94
CLSI. See Clinical Laboratory
Standards Institute
CML. Sce chronic myelogenous
leukemia
coagulation disorders, 59
coagulation factors
in children, 87
deficiencies assessment of,
83-84
coagulation screening test, 2
cold agglutinin disease
(CAD), of low antibody
titers, 13-14
color-coded tubes, 145
communication breakdowns, 186
Community-associated
methicillin-resistant
staphylococcus Aureus
(CA-MRSA), 203
compensation issues, 272
competitive performance,
outreach market,
278-280
competitive products, evaluation
of, 282-283
competitive salary, 272
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complement testing
errors in interpretation of, 136
immunology, 131
complete blood counts
(CBCs), 121
measurements, 122
results, 126
testing, 122
confirmatory test, 157
antiphospholipid
antibodies, 101
congenital hypercoagulable
state, evaluation for, 93-94
Coombs' test, 29
corrected count increment
(CCD), 39
Coxiella, 200
CPT code. See Current
Procedural
Terminology code
critical values, 151, 159
crossmatching blood, 8
cryoglobulins, 139
errors in analysis of, 139-140
cryoprecipitate, 2
inappropriate use of, 6-7
crypt antigen activation, 28
cryptococcal antigen test, 211
Cryptococcal meningitis, 201, 210
Cryptococcus, 215
Cryptococcus neoformans, 201
CSF. See cerebrospinal fluid
Cumitech series, 210
Current Procedural Terminology
(CPT) code, 269
CYP2C19, pharmacogenomic
testing for, 116

DAT. See direct antiglobulin test

data analysis, to support
patient outcomes, 266-267

data collection, to support
patient outcomes,
266-267

data entry errors, with patient
identification, 166

data management systems,
165, 166
D-dimer tests, 89, 92
delayed hemolytic transfusion
reactions (DHTRs), 10, 19
delta checks, 121
Department of Transportation
(DOT) regulations, 183,
184, 275
DHTRs. See delayed hemolytic
transfusion reactions
diabetes mellitus, 173
diagnostic laboratory
industry, 282
DIC. See disseminated
intravascular coagulation
DIHA. See drug-induced
hemolytic anemia
diphenhydramine, 37, 38
direct antiglobulin test (DAT), 11
misinterpretation of, 29-30
direct thrombin inhibitor,
coagulation factor
assays, 85
disseminated intravascular
coagulation (DIC)
diagnosis of, 90, 91
evaluation for, 89-90
Donath-Landsteiner test, 24
donor blood, 10
dosing of low molecular weight
heparin, 72
DOT. See Department of
Transportation
drug-induced hemolytic anemia
(DIHA), 44-45
drug-induced thrombocytopenia
assays, 110
drug test, 152
panels of, 153
dysplasia, 128

ECP. See extracorporeal
photopheresis

ED. See emergency department

EDTA, platelet clumping, 111



efficient workflow process,
defining, 276
Ehrlichia species, 196
ehrlichiosis, 194
EIA platform. See enzyme
immunoassay platform
electronic interfaces, 154
electronic medical records
(EMRs), 154
ELISA. See enzyme-linked
immunosorbent assay
emergency department (ED),
152,154
emergency management, 155
empiric antiviral treatment, 201
employment testing, positive
results for, 155
EMRs. See electronic medical
records
ENAs. See extractable nuclear
antigens
endocrine testing, 171-175
enzyme immunoassay (EIA)
platform, 132
enzyme-linked
immunoassays, 79
enzyme-linked immunosorbent
assay (ELISA), 198
eosinophilia, 126
cosinophilic leukemia, 126
cthylenediaminetetraacetic acid
(EDTA), 122
extracorporeal photopheresis
(ECP), 17
extractable nuclear antigens
(ENAs), 132, 133

factor VIII inhibitor, 102
evaluation for, 107-108
FDA. Sve Food anv.‘i Drug
Administration
FDP. See fibrinogen degrad
products

febrile nonhemolytic
transfusion reactions

(FNHTRs), 37

ation
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ferritin, 124
fetal transfusion, 20
fetomaternal hemorrhage
(FMH), 4
fibrinogen, 6, 7
fibrinogen degradation products
(FDP), 90
fibronectin, 6
financial management,
268-271
financial reporting tools, 269
FISH. See fluorescence in situ
hybridization
flow cytometry, 127
fluorescence in situ
hybridization (FISH), 126
FMH. See fetomaternal
hemorrhage
FNHTRs. See febrile
nonhemolytic transfusion
reactions
fondaparinux, anticoagulant
therapy monitoring in
patients, 72-73
Food and Drug Administration
(FDA), 212
food, risks of, 181-182
forensic testing, 152
free light chains, errors in
analysis of, 138-139
fresh frozen plasma (FFP), 1-2
coagulation factor
deficiencies with, 86
to prolhrombin time, 1-2
transfusion of, 1
for volume expansion, 2-3
warfarin use of, 30
fuchsin, 213
fungal infections, 193

Gen-Probe Amplified
Mycobacterium
tuberculosis Direct
(MTD), 218

Gomori methenamine silver
(GMS), 214
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gram stain, 213
misreading or
misinterpretation of,
210-216
granulocytic leukocytosis, errors
in evaluation of, 125-126

half-life for fondaparinux, 74
HDFN. See hemolytic
disease of the fetus and
newborn
Health Insurance Portability
and Accountability Act
(HIPAA) of 1996, 178
hematology
platelets, 129-131
preanalytical errors, 121-122
red blood cells, 122-125
standards of care, 121-122
white blood cells, 125-129
hemolysis, 14
laboratory tests for, 10-11
platelet transfusion, 15-16
hemolytic anemia, diagnosis
of, 41
hemolytic complement
activity, 136
hemolytic disease of the fetus
and newborn (HDFN),
3,19
diagnosis of, 33-34
hemolytic transfusion reaction,
10, 26, 4344
occult anemia, 18-19
heparin-flushed lines, 17-18
heparin-induced
thrombocytopenia (HIT),
17, 64
argatroban, 77
evaluation for, 78-80
fondaparinux, 75
low molecular weight
heparin, 69
heparin-platelet factor 4
complex, 79, 80
test for antibodies, 81
high risk tests, 266

high volume tests, 266
HIPAA of 1996. See Health
Insurance Portability and
Accountability Act of 1996
HIT. See heparin-induced
thrombocytopenia
HIT-associated thromboses, 79
HIV infection, 4546
hyperbilirubinemia, 205
hypercoagulation test, 94
hyperkalemia, RBC transfusion,
4647
hypocalcemic toxicity
symptoms of, 14
of TPM, 14-~15
treatments of, 15
hypotension, cause of, 35-37
hypotensive transfusion
reaction, 36

IATA. See International Air
Transport Association
IFA. See indirect fluorescence
assay
[gA deficiency,
misinterpretations
and assumptions, 34-35
IgG antibodies.
See immunoglobulin G
antibodies
[gM autoantibodies, 13
immature platelet fraction
(IPF), 130
immune-mediated
hemolysis in pediatric
patient, 23-24
immune thrombocytopenia
(ITP), 130
immunofixation
clectrophoresis, 138
immunoglobulin G (IgG)
antibodies, 79
immunoglobulins
cryoglobulins, errors in
analysis of, 139-140
free light chains, errors in
analysis of, 138-139




protein electrophoresis,
errors in evaluation of,
137-138
immunology
autoimmune and
complement testing, 131
immunoglobulins, 137-140
indirect fluorescence assay
(IFA), 132
indwelling catheters,
collecting samples
through, 164
infections, 191-194
Infectious Diseases Society of
America Clinical Practice
Guidelines, 201
infrastructure requirements,
279-280
INR value. See international
normalized ratio value
Institute of Medicine report, 261
instrument selection, 282-283
instrument technology,
acquisition of, 282
International Air Transport
Association (IATA), 183, 184
international normalized ratio
(INR) value, 59, 62
argatroban, 76
international sensitivity index
(ISI), 61
IPF. See immature platelet
fraction
iron deficiency anemia, 123
ISI1. See international sensitivity
index
ITP. S¢e immune
thrombocytopenia

Kleihauer-Betke test, 4,5

labeling errors, 143-1-4+4

laboratory information
system (LIS), 153, 175-180

ili ith software
compnmbnlny_wn.hz-.ss ¢
applications,
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selection and utilization,
283-286
staff support for, 284-285
support for, 285
laboratory leadership
communication, 280
external resources,
engaging, 277
leakage of tests,
monitoring, 281
LIS installation,
managing, 284
outreach service
requirements, 279
performance standards,
recognizing, 278
reference laboratories,
selection of, 280
responsibility, 263, 266, 268,
271,274
safety standards, 273
vendors, selection of, 280
laboratory safety, 180-185,
273-274
laboratory test result report,
260, 261
Legionella, 201
Legionella bozemanii, 202
Legionella infection, 201
Legionella longbeachae, 202
b'gium’lld micedades, -’_202
L,:\vfum'llu pncumaplnln, 202
length of stay (LOS), 268
L,-pmspim, 199, 200
19pmspirosis, 199'
leukoerythroblastic
reaction, 126
liberal versus restrictive
transfusion strategies,
20-21
LIS. See Jaboratory information
system
liver disease
confusing DIC with, 90
PT and PTT in patient
with, 87
LOS. See length of stay
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low molecular weight heparin
anticoagulant therapy
monitoring in patients
with, 67-68
platelet count monitoring, 82
lumbar puncture (LP), 21
lung infections, 193
lupus anticoagulant test, 100
clot-based activated protein C
resistance assay, 94
factor VII inhibitor, 109
screening tests for, 101
systemic lupus
erythematosus, 101
lyme disease, 197, 224
lymphatic tissue, 192
lymph node biopsy, 192
lymphocyte morphology, 127
lymphocytic leukocytosis, errors
in evaluation of, 127

macrothrombocytopenia,
patients with, 130

MAHA. See microangiopathic
hemolytic anemia

malaria evaluation, 204

MCV. See mean cell volume

MDS. See myelodysplastic
syndrome

mean cell volume (MCV), 123

mean platelet volume
(MPV), 130

medical director, 187

medical record, 149

Mentzer index (mCV/RBC), 124

metabolic alkalosis, 4748

methylene tetrahydrofolate
reductase (MTHFR), 96

MG. See myasthenia gravis

microangiopathic hemoly tic
anemia (MAHA), 41

microbiology specimen, 203-207

microbiology tests, sensitivity /
specificity, 200-203

microcytic anemia, 123

diagnosis of, 124

microorganism,
misidentification of,
216221
mild allergic reactions, 38
mistakes, POCT
implementation of, 161-162
ordering, 175-176
quality control, 164-165
sample application, 168-169
test ordering, 162-164
molecular testing, 206
monitor compliance,
273-274
monoclonal
immunoglobulins, 137
mononucleosis-like
syndrome, 226
morphologic dysplasia, 128
MPV. See mean platelet
volume
M spike, 137
MTHER. See methylene
tetrahydrofolate reductase
multiple transfusions, 20
myasthenia gravis (MG), 16
Mycobacterium abscessus, 218
Mycoplasma, 200
mycotic infections, 205
myelodysplasia, errors in
diagnosis of, 128
myelodysplastic syndrome
(MDs), 128, 129
myeloma, screening for, 138

nasopharyngeal swabs, 201

National Blood Service
Transfusion
Medicine Clinical Policies
Group, 16

National Committee for Clinical
Laboratory Standards
(NCCLS), 221

neurosyphilis, 225

New Tuchnology
Committee, 188

Nocardia infection, 203



occult anemia, hemolytic
transfusion reaction, 18-19
Occupational Safety and
Health Administration
(OSHA), 180, 273
operating budget reports, 270
operating cost, financial
impact of, 268
operating expenses, 268
operational processes, 270
opportunity cost, 268
oral contraceptives, 98
oral iron therapy, 124
OSHA, See Occupational Safety
and Health Administration
osteomyelitis, 205
outreach business model, 185
outreach market
competitive performance
in, 278-280
laboratory services for, 279
manage staff performance to
support, 279
outreach testing, 185-189

p-ANCA, 135
panel reactive antibody
(PRA), 42
partial thromboplastin time
(PTT), 9
argatroban, 76
factor VIl inhibitor, 108
low molecular weight
heparin, 68
prolongations, evaluation
of, 83-84
unfractionated heparin,
63, 65
PAS. See periodic acid-Schiff
passive identification, 262,
263, 265
patient
care needs, 262
failure to identify, 207-210
jdentification of, 263-265
zafety, 261-265
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PCCs. See prothrombin complex
concentrates
PCR. See polymerase chain
reaction
PDGFRA, 126
PDGFRB, 126
Pelger-Huet cells, 128
performance benchmarks, 266
performance improvement,
265-268
performance standards,
266-268, 272
performance threshold, 266, 267
periodic acid-Schiff (PAS), 214
peripheral blood smear, 11,
121-123, 126, 130
pharmacogenomic testing, for
warfarin sensitivity, 62
Phialophora richandsiae, 205
phlebotomy technique, 149, 151
phosphatidylserine, 100
phospholipid-dependent
test, 101
photopheresis, 17
p]ﬂ.ﬁmx‘r 2
infusion of, 15
products, use of, 2,3
plasmapheresis, 16
platelet clumping, 111, 112
platelet dysfunction, evaluation
for, 114
platelet-rich plasma, 116
platelets
counts, 17
hematology, 129-131
of cold exposure, 7-8
refractoriness, evaluation of,
3910
transfusion, 15-16,
24-25,49-50
POCT. See point-ofcare testing
poikilocytosis, 123
point-of-care testing (POCT),
159-171, 162
from central laboratory tests,
162-163, 169




point-of-care testing (POCT)
(cont.)
differences and
limitations, 161
identification numbers,
sharing of, 165
infrequent operators, 169
mistakes. See mistakes, POCT
overutilization of, 163-164
reassessing need for, 170
to solve overly complex
system problems, 161
use of, 164
polymerase chain reaction
(PCR), 195, 225
positive ANAs, 132
positive ANCA test, 135
positive DAT, 29, 30
positive patient identification
(PPID), 262, 263, 265
positive RF tests, 134
Ppostanalytical errors
in clinical microbiology,
223-224
core chemistry, 151
endocrine testing, 174
laboratory information
systems, 177-179
Outreach testing, 187-188
point-of-care testing,
169-170
therapeutic drug monitoring /
toxicology, 156-158
posttransfusion purpura
(PTP), 25-26
PPID. See positive patient
identification
PRA. See panel reactive antibody
preanalytical errors
in clinical microbiology, 191
core chemistry, 148-149
endocrine testing, 172-173
hematology, 121-122
laboratory information
systems, 175-176
laboratory safety, 181-184
Outreach testing, 186-187

point-of-care testing, 164-166
specimen receiving and
processing, 143-146
pregnancy
alloantibodies in, 19-20
RhIG in, 3-4
premedication for transfusion,
37-39
prenatal care plans, 154
primigravida, alloimmune
thrombocytopenia in,
489
procedural shortcuts, 168
product inventory, 270
program opportunities,
assessing, 270-271
prophylactic platelet
transfusion, 49
nonevidence-based practices
in, 21-22
protamine sulfate, 73
protein C
in active clotting, 97
antigenic tests for, 95
in children, 97
deficiency of, 96
patients treated with
warfarin, 94
protein electrophoresis,
errors in evaluation
of, 137-138
protein S
in active clotting, 97
adequacy of, 95
antigenic tests for, 95
in children, 97
deficiency of, 96
low value for, 97
patients treated wyith
warfarin, 94
prothrombin complex
concentrates (PCCs), 31
prothrombin time (PT )
evaluation of prolongations,
83-84

replacement value for, 62
values, 61



prothrombin time/international
normalized ratio (PT/
INR), 1

Pseudononas aeruginosa, 206

pseudo-thrombocytopenia, 111

PT. See prothrombin time

PT/INR. See prothrombin
time/international
normalized ratio

PTP. See posttransfusion
purpura

PTT. See partial
thromboplastin time

PTT-related coagulation factor
assays, 102

pulmonary biopsy specimens, 202

QM program. See quality
management program

quality control mistakes,
164-165

quality management (QM)
program, 265-268

RBC morphology, errors in
evaluation of, 122-123
RBCs. See red blood cells
reactive lymphocytosis, 127
reagent storage errors,
167-168
recombinant factor VIla
(rFVlIa), 31
red blood cells (RBCs), 4
hematology, 122-125
hyperkalemia, risk of,
46-47
issue of, 8
transfusion, 20
red cell morphologies, 123
red-topped tubes, 1_“8
reference laboratories.
monitoring utilization,
280-281
selection and management,
280-282
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refractory thrombocytopenia 39

regulations
DOT, 183, 184, 275
laboratory management,
259-261
state, requirements of, 260
regulatory compliance, 259261
replacement value for PT, 62
RetHe. See reticulocyte
hemoglobin
reticulocyte count, errors in
interpretation of, 125
reticulocyte hemoglobin
(RetHe), 124
revenue management, 269
rFVl1la. See recombinant
factor VIla
RhD blood group antigen,
alloimmunization to, 4
RhD protein and RhIG,
molecular differences
in, 22-23
rheumatoid factor test, errors in
interpretation of, 134
Rh immune globulin (RhIG)
inadequate dosing, 4-6
in pregnancy, 3—4
Rh-positive RBCs, 4
Rickettsia rickettsii, 196
rickettsiosis, 196
ristocetin cofactor, 105
threshold for, 106
RMSF. Sev Rocky Mountain
spotted fever
Roche COBAS AMPLICOR
system, 219
Rocky Mountain spotted fever
(RMSF), 195
rosette test, 4,5

safety
laboratory, 273-274
patient, 261-265

safranin, 213

SCD. See sickle cell disease



screening tests, 156
antiphospholipid
antibodies, 101
for lupus anticoagulant, 101
sensitivity of microbiology tests,
200-203
seroconversion of RMSF
infection, 195
serology tests, 134, 194, 195
timing for, 198-200
serum free light chains, 139
service requirements, 278, 279
sickle cell disease (SCD),
alloimmunization in, 26-27
specificity of microbiology tests,
200-203
specimen
collection errors, 148-149,
155-156, 263
collection tubes, 145
failure to identify, 207-210
label, 144
labeling errors, 144, 149
logistics, 274-276
processing errors, 145
receiving and Pprocessing, 143
storage, 183~184
transportation, 145, 263,
275,276
spirochetes, 199
staffing levels, assessing,
272,273
staff management, 271-273
staff performance,
managing, 279
Staphylococeus lugdunensis, 226
state regulations, requirements
of, 260
strengths, weaknesses,
opportunities, and
threats (SWOT)
analysis, 278
Streptococcus milleri, 217
Streptococcus pneumoniae, 28, 212
Summer flu, 194
Supply expenses,
monitoring, 269

susceptibility testing error,
221-223

systemic lupus
erythematosus, 101

TACO. See transfusion-
associated circulatory
overload

T activation, 28

TAT. See turn-around time

temperature monitoring,
167-168

testing process, adequate
performance of, 167

test names, 175, 176

test order, failure to identify,
207-210

test ordering errors, 153-155,
162-164

test utilization, 276-278

therapeutic drug monitoring,
152-159

therapeutic plasma exchange
(TPE), 16-17, 41, 48

hypocalcemic toxicity, 14-15

Thomsen-Hubener-Friedenrich
phenomenon, 28

thrombocytopenia, 21, 25, 39,

41, 205
errors in evaluation of,
110, 129
thrombocytosis, errors in
evaluation of, 130
thrombotic thrombocytopenic
purpura (TTP), 16, 47, 110
diagnosis of, 4042
thyroid-stimula ting hormone
(TSH), 171

tickborne infections, 197

Tlymphocytes, blastoid
transformation of, 197

toxicology testing, 152-159

TRALL See transfusion-related
acute lung injury

transfusion-associated
circulalory overload
(TACO), 13



transfusion medicine
clinical scenarios errors, 18
errors in procedures, 8
product-related errors, 1
transfusion-related acute lung
injury (TRALI)
diagnosis of, 42—4-4
Treponena, 200
TTP. See thrombotic
thrombocytopenic purpura
tuberculosis, 193
tubes, 121
tumor lysis, 131
tumor markers, 171-175
turn-around time (TAT), 266, 267
type I cryoglobulins, 139
type Il cryoglobulins, 139
type Ill cryoglobulins, 140

unfractionated heparin
anticoagulant therapy
monitoring in patients
with, 63-64
antithrombin assay for
patient with, 95
platelet count, 80

vancomycin, 157, 213

vasculitides, 134

VDRL. See Venereal Disease
Resecarch Laboratory

vendors’ performance,
evaluation of, 281
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verbal communication, patient
identity, 264-265

vital value, 223

vitamin K, 30, 32, 60, 61

volume overload, transfusion
of chronic anemia
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von Willebrand disease,
evaluation for, 104-106

warfarin, 77
anticoagulant therapy
monitoring in patients
with, 59
coagulation factor assays, 85
protein C and protein S
levels, 94
reversal of, 30-33
Whipple’s disease, diagnosis
of, 225
white blood cells, hematology
granulocytic leukocytosis,
errors in evaluation of,
125-126
lymphocytic leukocytosis,
errors in evaluation
of, 127
myelodysplasia, errors in
diagnosis of, 128
workflow process, defining, 276
workload, assessing, 272, 273
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