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Abstract

The essential elements of a quality program, specifically internal quality control (IQC) and external quality assurance (EQA), should be applied to ea-
ch laboratory assay performed in order to ensure test result accuracy and precision. The coagulation laboratory plays an important role in the diag-
nosis and treatment of individuals with bleeding or clotting (i.e., thrombotic) disorders. Test methodologies used to assess common disorders or di-
seases of haemostasis are reviewed as well as the clinical relevance of each assay. The preanalytical phase of testing offers the greatest opportunity
forintroducing result error in the haemostasis laboratory and it is therefore imperative that samples are properly collected, transported and stored.
Samples for haemostasis testing should be collected in 3.2% sodium citrate at a 9:1 blood to anticoagulant ratio and maintained at room temperatu-
re until processed. Some test processes such as platelet function testing have special processing and testing requirements. For plasma-based tests,
centrifugation to obtain platelet poor plasma and testing should ideally be completed within 4 hours or the plasma frozen. IQC must be performed
with each assay, at appropriate levels of the analyte and at appropriate time intervals as a means for assessing ongoing assay performance. EQA, a
peer group assessment process that is supplementary to 1QC, offers in addition the opportunity for evaluation of long-term performance of labora-
tories, including comparisons with like and unlike methodologies, and often serves as an educational resource. Participation in an EQA program is
often a requirement of laboratory accreditation and there are a multitude of EQA organizations that offer programs specific to haemostasis testing
with international programs providing assessment of the more specialized haemostasis assays. These programs provide invaluable information on
assay specific diagnostic error rate, assay precision, accuracy, sensitivity and assessment of overall assay performance. The incorporation of 1QC and
EQA into a laboratory program can not only assist in the assurance that testing is reliable and accurate but also improve the quality of the testing.
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Introduction

“Do the right thing” and “Do the thing right” (to
borrow from some colleagues (1)), are two simple
statements that identify the fundamental aspects
of what ‘quality’ should represent to us. One parti-
cular publication (2) from the Clinical Laboratory
Standards Institute (CLSI) (previously known as the
National Committee for Clinical Laboratory Stan-
dards (NCCLS)) identifies several major activities of
importance to a laboratory quality program, inclu-
ding personnel development, equipment choice
and operation, process improvement, and safety.
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Also listed are two other essential elements that
are the primary focus of the current report, name-
ly internal quality control (IQC) and external quali-
ty assurance (EQA) for individual test processes. In
addition to IQC and EQA, the current report also
briefly mentions extra-analytical issues and reflec-
ts on some key guidelines available from various
expert bodies to ensure performance of optimal
testing within the field of haemostasis. The deve-
lopment of these critical elements helps to ensure
that the data reported by the laboratory are as ac-
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curate as possible and that they best serve the
needs of both patients and clinicians (3-7).

Overview of coagulation and
haemostasis

Haemostasis, in vivo, is the homeostatic process
whereby blood flow is maintained within the vas-
culature and, in vitro, represents one of the most
complex areas of diagnostic laboratory testing (8).
The main function of haemostasis, to maintain
blood flow in the intact vessels in normal circula-
tion, is in part achieved by efforts to arrest blood
loss resulting from injury or trauma. There are
three main phases of haemostasis, the vascular
phase (which incorporates platelet interaction),
the coagulation phase (which involves coagulation
proteins and phospholipid complexes), and the
natural anticoagulant/fibrinolytic phase (which
ensures cessation of the clotting process, the dis-
solution of the thrombosis, and permits later wou-
nd healing). These components work in concert.
When any phase of this process is disturbed, ad-
verse clinical events may occur, manifesting as eit-
her thrombosis (haemostasis pushed in a procoa-
gulant direction) or bleeding (ineffective haemos-
tasis). In either situation, the clinician must have
access to a variety of relevant tests in order to ac-
hieve a specific or correct diagnosis and initiate
appropriate patient treatment or management.

Workers within haemostasis often refer to the abo-
ve systems in terms of ‘primary’ and ‘secondary’
haemostasis, both of which promote eventual clot
formation. Primary haemostasis refers to the pro-
cess that involves platelets adhering to each other
and to the damaged vasculature subsequent to
the initiating event (e.g., tissue injury), followed by
platelet activation and aggregation to produce a
‘platelet-plug’. Secondary haemostasis involves
the activation of the clotting system in a complex
interactive fashion with positive and negative
feedback, that causes sequential activation of mul-
tiple coagulation factors and the eventual conver-
sion of ‘soluble’ fibrinogen (the main clottable
protein in plasma) to ‘insoluble’ fibrin. The process
of secondary haemostasis in part acts to stren-
gthen the platelet plug, forming a gel-like clot.

This process is kept in check, in part, by the natu-
rally occurring anticoagulant system, e.g., protein
C (PQ), protein S (PS), antithrombin (AT). The fibri-
nolytic system represents a distinct, but inter-rela-
ted process that is involved in lysis of the clot to
facilitate wound healing.

Common disorders and diseases of
haemostasis

Many clinically relevant disease processes can be
defined by a process of ‘aberrant’ haemostasis,
and some of the most important include haemop-
hilia, von Willebrand disease (VWD) and a variety
of thrombophilic disorders, causing either arterial
or venous thrombosis. These disorders of haemos-
tasis can be either inherited (i.e., congenital or ge-
netic defect) or acquired (i.e., secondary to some
other disease). In order to screen, diagnose and
monitor these disorders, the modern haemostasis
laboratory must be equipped with an arsenal of
tests to allow accurate and complete diagnoses.

Bleeding disorders

Haemophilia is caused by a deficiency of usually
one and rarely several clotting factors, which may
arise congenitally or may be acquired. Haemophi-
lia A is the most common form (9) and is attribu-
table to a deficiency or defect in factor VIII (FVIII).
Haemophilia B is less common and attributable to
a deficiency or defect in factor IX (FIX; also called
Christmas factor). As both FVIIl and FIX are essen-
tial for the process of secondary haemostasis, defi-
ciencies of either are associated with a bleeding
diathesis. Haemophilia A is approximately seven ti-
mes more common than Haemophilia B. As con-
genital disorders, both reflect sex-linked recessive
disorders as the defective genes are carried on the
X chromosome. The degree of the factor deficien-
cy can vary from a complete deficiency to upwar-
ds of around 40% of normal, with increasing blee-
ding severity associated to lower levels of functio-
nal clotting factors.

VWD is another bleeding disorder that arises from
deficiencies or defects in the plasma protein von
Willebrand factor (VWF) (10). It usually presents wi-
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th mild bleeding tendencies such as epitasis and
easy bruising and most often has a congenital na-
ture but may alternatively be acquired. VWF is sto-
red primarily in the platelets and endothelial cells
and has two main functions within haemostasis
(8). Firstly, VWF mediates the formation of the pla-
telet haemostatic plug by acting as the main ad-
hesive protein that bridges platelets to the dama-
ged vasculature as well as to other platelets. Se-
condly, VWF acts as a protective carrier protein for
FVIIl in plasma, preventing its premature degrada-
tion. VWF functions in this manner by means of
specific interactions with extracellular matrix com-
ponents such as collagen, specific interactions wi-
th various platelet receptors, and a specific inte-
raction with FVIII (8,10). VWF is thus essential for
both the initial tethering of platelets to the dam-
aged vasculature (i.e., primary haemostasis), as we-
Il as the eventual fibrin clot formation (i.e., secon-
dary haemostasis), because it assembles with the
procoagulant FVIIl in plasma, forming a protective
complex that prevents its rapid clearance in cir-
culation. In plasma, VWF comprises a series of di-
mer proteins of increasing size (or molecular weig-
ht); the larger the size (or molecular weight), the
more adhesive the molecule. Defects in VWD may
comprise loss of all forms of the VWF protein (i.e.,
quantitative defects; defining Type 1 or 3 VWD) or
selective loss of only the high molecular weight
(HMW) forms or other selective qualitative defects
(i.e., defining Type 2 VWD).

A host of platelet defects can also lead to mucocu-
taneous bleeding or bruising (11-14). Platelets con-
stitute a store-house of haemostasis, including
surface glycoprotein receptors and alpha and beta
granule components. In order for platelets to exert
their important role in haemostasis, these recepto-
rs need to function, and the granule contents
need to be normal and released into the surroun-
ding milieu. Platelet defects associated with blee-
ding often represent defects of deficiencies of pla-
telet glycoproteins, secretion disorders, storage
pool disorders, and signal transduction disorders.

Thrombotic disorders

Thrombophilia can be defined as an increased risk
of thrombosis and can be hereditary or acquired.
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Laboratory testing of thrombophilia requires a pa-
nel of test procedures that can be molecular-ba-
sed, functional or antigenic in nature. A wide va-
riety of disorders can give rise to a thrombophilic
tendency, including deficiencies or defects in the
natural anticoagulant proteins (i.e., AT, PC, PS), in-
creases in procoagulant proteins or impaired fibri-
nolysis (8,15-17). Thus, whilst a lack of procoagula-
nt proteins including FVIII and VWF may cause
bleeding, an excess of these may cause thrombo-
sis. Acquired predisposition to thrombosis can also
occur in many disease states, and one of the most
important and common is the auto-immune disor-
der called the antiphospholipid antibody syndro-
me (APS), which arises due to the presence of an-
tiphospholipid antibodies (aPL), detectable in the
laboratory using a variety of tests including those
for Lupus Anticoagulant (LA), anticardiolipin anti-
body (aCL) and anti-Beta2-glycoprotein-I (aB2GPI)
antibodies (18,19).

Tests and assays within haemostasis

The modern haemostasis laboratory performs an
arsenal of tests to allow an accurate and compre-
hensive diagnosis of haemostatic defects. Some
tests are also used to monitor anticoagulant thera-
py. It is convenient to separate these tests into
‘routine coagulation tests’, which are typically high
throughput screening tests performed by most
clinical laboratories, and ‘diagnostic haemostasis
assays’. Also commonly called ‘special coagulation’
tests, these latter assays are typically lower throu-
gh-put and performed by specialized haemostasis
laboratories for the specific diagnosis and charac-
terization of haemostatic diseases and defects.

Routine coagulation tests

Prothrombin time (PT)

First proposed by Quick in 1935 (20), the PT is per-
haps the oldest test of coagulation still performed.
The PT is a measure of the function of the tissue
factor pathway (also sometimes called the ‘extrin-
sic pathway’). The test is performed by adding tis-
sue factor and phospholipids to plasma and then
measuring the time in seconds to clot formation
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following the addition of calcium. The PT is an in
vitro test that basically mimics the in vivo event of
damaged tissue extracts acting on the coagula-
tion system to initiate the clotting process. Origi-
nally developed to measure prothrombin (one of
the procoagulant factors and hence its name), the
PT is also now known to measure other aspects of
the coagulation pathway such as the interaction of
FV, FVIl, FX and the concentration and function of
fibrinogen.

International Normalized Ratio (INR)

This is simply a mathematical processing of the PT
that permits standardization of test results across
different laboratories, and is calculated by means
of two additional components called the Interna-
tional Sensitivity Index (ISI) and the Mean Normal
Prothrombin Time (MNPT) (21,22). The INR is used
internationally for the monitoring of vitamin K an-
tagonist (VKA) therapy (e.g., Warfarin), often given
to individuals as a management therapy for throm-
bosis.

Activated partial thromboplastin time (APTT)

This test screens for abnormalities of the ‘contact-
factor’ (sometimes also called the ‘intrinsic’) pat-
hway (i.e., deficiencies or defects in FVIII, FIX, FXI,
and FXIl), as well as the common pathway (i.e., fib-
rinogen, Fll, FV, FX). The APTT is also used for mo-
nitoring of heparin therapy and is variously sensiti-
ve to several inhibitors including LA (23). In all the
above cases, one expects to see a prolongation in
the APTT. In contrast, a shortened APTT is associa-
ted with an increased thrombosis risk (23-25). The
activator in this test can be from several sources.
Originally kaolin was used (hence, the test was
previously called PTTK) but in more recent times
activators such as micronized silica and ellagic acid
have been substituted. The APTT is the time to clot
in seconds when contact activator and phospholi-
pids are added to plasma in the presence of cal-
cium.

Thrombin time (TT)

This is a simple test performed by adding equal
volumes of plasma and thrombin and measuring
the amount of time until a clot forms. The TT is

sensitive to heparin, direct thrombin inhibitors
and to defects and deficiencies of fibrinogen.
Thus, a prolonged TT will occur with congenital
abnormalities such as afibrinogenaemia and
dysfibrinogenaemia as well as with the presence
of inhibitory substances including heparin or hi-
gh levels of fibrin(ogen) degradation products
(FDPs).

Fibrinogen

This represents the major clottable protein within
plasma, and was originally measured by heat pre-
cipitation. These days, fibrinogen is measured im-
munologically or more commonly using a functio-
nal von Clauss assay, which can be easily automa-
ted. Fibrinogen levels can also be estimated using
a derived calculation from the PT with selective in-
strumentation. The measurement of fibrinogen is
important within the context of potential congeni-
tal abnormalities such as afibrinogenaemia and
dysfibrinogenaemia (perhaps strangely, these may
be associated with both bleeding and thrombosis)
(26,27), as well as in the context of trauma, snake
bite, and disseminated intravascular coagulation
(DIC) (28).

D-dimer

This represents a specific breakdown fragment of
fibrin, and so is a measure of fibrinolysis. This test
is important in order to assess the possibility of
clot dissolution as a marker of thrombosis; e.g.,
deep vein thrombosis (DVT) or pulmonary emboli-
sm (PE) or aberrant clot activation processes such
as DIC (28-30).

Diagnostic haemostasis assays

Factor assays

These are performed by modifications of PT or
APTT assays, using several plasma dilutions, in or-
der to pinpoint specific factor deficiencies (e.g.,
FVIIl or FIX in classical haemophilia). Tests are ma-
de individually specific for any given factor by
using the particular factor deficient plasma. The
exception here is FXIII, or the fibrin stabilising fac-
tor, which is measured using alternate techniques
(31).
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VWF assays

These comprise a panel of tests, primarily to help
evaluate for a bleeding disorder such as VWD (32),
although VWF is also being increasingly requested
within the context of thrombotic disease (16). So-
me assays measure the quantity of VWF present in
plasma (i.e., VWF antigen (VWF:Aq)), regardless of
the presenting quality (or VWF function). Other as-
says measure functional properties of VWF; these
include the ristocetin co-factor (VWF:RCo) assay,
which assesses the ability of VWF to bind to plate-
lets in the presence of ristocetin, and the collagen
binding (VWF:CB) assay, which assesses the ability
of VWF to bind to sub-endothelial matrix proteins
(in this case collagen) (33). Depending on the VWF
assay, a variety of techniques may be used; includi-
ng enzyme-linked immunoabsorbent assays (ELI-
SAs), latex immunoassays (LIAs), and platelet ag-
glutination assays. Several assay limitations are
evident with these tests, including assay reprodu-
cibility (34) and lower limit of sensitivity (35) issues.
The VWF.CB tends to be more sensitive to HMW
VWEF, also suffers less variability than the VWF:RCo,
and has better lower limit of sensitivity properties.
Nonetheless, as the VWF.CB reflects a different
functional property of VWF than the VWF:RCo, bo-
th tests are required to identify all possible forms
of VWD (32,33). Several other highly specialized
procedures are available to help functionally
characterize or classify VWD (32,36-38), including
the ristocetin induced platelet aggregation (RIPA)
procedure (typically performed as a part of plate-
let function testing), VWF:multimer analysis (to he-
Ip assess for structural defects arising from altered
VWEF assembly or proteolysis) and VWF:FVIII bin-
ding (VWF:FVIIIB).

Platelet function testing

This can be achieved using comprehensive plate-
let aggregation testing (11-14) or using a scree-
ning test process (e.g., PFA-100) (39,40). The latter
can be used to provisionally identify a platelet de-
fect, or anti-platelet medication affect (e.g., aspi-
rin), but comprehensive platelet testing is required
to identify and characterize specific qualitative
platelet disorders. This latter process is complex
and technically demanding, and involves challen-
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ging patient material either as platelet rich plasma
(using light transmission aggregometry) or as
whole blood (using a whole blood aggregometer)
with various platelet agonists (11-14,41).

Thrombophilia testing

Laboratory testing may include assays to detect
congenital deficiencies or defects in the natural
anticoagulants (i.e., PC, PS, AT), or acquired defects
related to the presence of aPL. Congenital defi-
ciencies in PC, PS and AT are rare, and most defec-
ts identified by laboratory testing are acquired,
due to liver disease, vitamin K deficiency, DIC, or
anti-coagulant medication (15). Both functional
and antigenic assays are available for these test
parameters, with functional assays being do-
minant for PC and AT (usually chromogenic as-
says), and antigenic assays being dominant for PS
(usually LIA or ELISA). Activated protein C (APC) re-
sistance (APCR) is defined as an impaired plasma
anticoagulant response to APC added in vitro, and
a relative inability to inactivate FVa and/or FVllla.
The main molecular basis of APCR was identified
in 1994 and comprises a point mutation in the ge-
ne for FV, now termed FV Leiden (FVL). There are
two main laboratory methods used for testing
APCR, the original APTT-based method and Russe-
[l viper venom time (RVVT) based methods (42).
One of the most common and clinically important
causes of acquired thrombophilia, APS, is assessed
by a panel of tests that measure aPL (autoantibo-
dies that recognize epitopes on selected proteins
when bound to phospholipid surfaces). These in-
clude lupus anticoagulant (LA), which can be as-
sessed using a variety of test processes, although
the updated LA guidelines from the Scientific
Standardization Subcommittee (SSC) of the Inter-
national Society on Thrombosis and Haemostasis
(ISTH) recommend the combined use of APTT and
RVVT based assays, together with solid phase as-
says (43).

Factor inhibitors

Specific inhibitors can develop against any indivi-
dual coagulation factor and cause a deficiency
that can be detected by prolonged PT and/or
APTT (44). More clinically important is that these
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patients can suffer serious bleeding problems (45).
While some patients can develop inhibitors after
treatment with plasma products (e.g., haemophilia
patients that develop alloantibodies), others can
develop inhibitors secondary to some other disea-
se process (e.g., autoantibodies that lead to an
acquired haemophilia), and others can be idiopat-
hic (unknown cause). After an inhibitor is identified
through mixing studies in a routine coagulation
test system (i.e,, PT and/or APTT, depending on
which inhibitor is present or which test was pro-
longed), a specific inhibitor assay can be perfor-
med using a Bethesda assay or Nijmegen modifi-
cation (44,46). The most common type of inhibitor
is that against FVIII.

Quality control and extra-analytical
issues in haemostasis testing

Unfortunately, the laboratory testing process is
not problem free. There are many steps in the pro-
cess of laboratory testing where the process can
go awry and therefore must be controlled. In or-
der to ensure the appropriateness of test results,
laboratories are required to put several quality
processes into place, and namely to undertake
performance of both internal quality control (IQC)
and external quality assurance (EQA). Quality con-
trol provides a process to monitor a number of va-
riables that may include pre-analytical, analytical,
post-analytical and interpretative error. For exam-
ple, there are a vast number of pre-analytical va-
riables in haemostasis. These are often beyond the
control of the test laboratory, and are not always
easily identifiable. As detailed below, they compri-
se issues that occur prior to testing and include
specifics related to collection (e.g., wrong tube
type, wrong collection order, sample mislabeling,
etc), and transport (e.g., samples left at extremes
of temperature) and inappropriate processing of
the sample. Pre-analytical issues can lead to se-
rious adverse affects on the test and thus sub-
sequent patient care (7). Analytical variables that
may cause problems in testing include inapprop-
riate reagent/instrument calibrations, reagent is-
sues (e.g., not properly reconstituted or used bey-
ond stability), methodological issues (poor metho-

dologies), and instrument problems (e.g., detector
systems failing or inadequate sampling). Post-ana-
lytical and interpretative issues (7,47) relate to the
interpretation of the test result by the laboratory
(including the issued report) and/or the clinician
(who interprets the reported test results). Incorpora-
tion of quality measures is aimed at identifying and
correcting problems related to all these aspects of
testing (i.e., pre-analytical, analytical and post-ana-
lytical) to ensure high quality testing results.

Preanalytical variables

Laboratory data must be accurate and reliable as
erroneous results may lead to patient misdiagno-
sis and therefore therapeutic misadventures. Inac-
curacy in laboratory reporting can arise due to
problems introduced at any point in the testing
process, from sample collection to report results.
Due to significant advances in instruments and in-
formatics, the analytical and reporting phases of
testing do not contribute significantly to laborato-
ry error. Rather, the pre-analytical phase of testing
represents the major source of inaccurate labora-
tory results (48,49).

The pre-analytical phases of testing include speci-
men collection, transportation of whole blood
specimens to the laboratory, specimen processing
and storage (50). One of the most critical aspects
of specimen collection is proper patient and also
sample identification. Specimens must be collec-
ted in a manner to avoid in vitro clot development.
Samples should be collected in a relatively atrau-
matic fashion and blood should flow freely into
the specimen container.

Samples for haemostasis testing should be anti-
coagulated with sodium citrate. The World Health
Organization (WHO) and CLSI recommend 3.2%
sodium citrate, although 3.8% might also be ac-
ceptable. It is important that the concentration of
sodium citrate is consistent within a laboratory
system as clotting times tend to be longer in 3.8%
versus 3.2% sodium citrate. The blood and anti-
coagulant must be promptly mixed to avoid in vit-
ro clot formation. Samples for haemostasis testing
that contain visible clots should not be analyzed
and must be rejected. The required blood to anti-
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coagulant ratio is 9:1 and therefore overfilling or
underfilling of the evacuated tube should be avoi-
ded as this can introduce result error. Other anti-
coagulants such as ethylenediaminetetraacetic
acid (EDTA) or heparin are not acceptable for hae-
mostasis testing. Samples collected in EDTA or he-
parin anticoagulated tubes or the use of serum for
haemostasis testing will lead to aberrant results
and this can cause clinically significant errors in
patient diagnosis. Some laboratories receive a por-
tion or majority of test samples in secondary (ali-
quot) tubes and in this instance, the sample types
are indistinguishable unless clearly and properly
labeled as sodium citrate plasma, EDTA plasma,
heparin plasma or serum. When the sample matrix
is unknown or in doubt, performance of sodium,
potassium and calcium assays on the sample can
be undertaken to help determine the sample mat-
rix. Samples collected in sodium citrate tend to ha-
ve high sodium and low calcium values while sam-
ples collected in potassium EDTA will have eleva-
ted potassium levels with undetectable calcium
values (51). Samples for haemostasis testing collec-
ted in the wrong anticoagulant tube or serum
samples should not be analyzed and must be re-
jected.

Stability of haemostasis samples depends on whi-
ch assay(s) are to be performed as well as the tem-
perature and conditions of storage. Following col-
lection, samples should be transported to the la-
boratory at room temperature promptly, ideally
within one hour of drawing. Cold storage of citra-
ted whole blood, either by placing samples in an
ice bath or refrigerated (2-8 °C) may lead to acti-
vation of platelets, activation of factor VIl and sig-
nificant time dependent loss of both FVIII and
VWEF. Depending on the tests ordered and whet-
her unfractionated heparin is present in the speci-
men, samples can be stored either as whole blood
or centrifuged and the plasma left remaining on
the red cells or the plasma aliquoted.

In summary:

« Samples for platelet function testing should re-
main at room temperature and testing comple-
ted within 3 to 4 hours of collection.

Biochemia Medica 2010;20(2):184-99

- Samples for PT/INR evaluation are stable at
room temperature for 24 hours. Samples can
be stored as whole blood or centrifuged.

- Samples containing unfractionated heparin
must be processed within 1 hour of collection
because of release of PF4 from platelets in vitro
which neutralizes the heparin leading to spu-
riously low heparin levels as measured by an
APTT or anti-FXa assay. If the whole blood is
centrifuged within 1 hour, the heparinized plas-
ma can be left at room temperature for up to
four hours prior to testing.

« Samples for APTT testing that do not contain
unfractionated heparin and samples for special
coagulation assays should be maintained at
room temperature if testing will be complete
within four hours. Samples that cannot be tes-
ted in this time frame should be spun and the
plasma frozen in a freezer that does not under-
go automatic freeze thaw cycles.

Samples should be centrifuged to obtain platelet
poor plasma containing < 10 x 10° platelets/L. In
order to ensure appropriate removal of platelets
for some particularly sensitive tests including LA, a
process of double centrifugation is recommended
(7,43). This is especially important if the plasma will
be frozen prior to testing. The use of micropore fil-
ters to remove platelets is not recommended since
this filtration process can lead to loss of factors V,
VIII, IX, XIl and VWF (43,54). Samples that are sto-
red frozen should remain at —20 °C for no more
than two weeks. Prior to testing, samples should
be completely thawed in a 37 °C water bath (for
about 5 minutes) and mixed thoroughly prior to
testing. Repeated freeze/thaws should be minimi-
zed, to retain sample integrity.

Internal quality control (IQC)

IQC must be analyzed with each assay performed
within the laboratory. The purpose of IQC is to as-
sess ongoing assay performance to ensure that as-
says are performing according to specifications to
ensure results that are accurate and reliable. 1QC
material generally includes ‘normal’ and ‘abnor-
mal’ sample controls with results plotted using a
Levy-Jennings chart. This process is performed for
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each analyte tested (i.e., PT, APTT, etc), and using a
time-frame suited to each test performed. For
example, for continuous test systems such as
APTT, it might be appropriate to perform testing
every two, four or so hours. For tests performed in
batches, it might be appropriate to perform con-
trols at the start, middle and end of the test run.
When IQC falls out of the expected range, labora-
tories can refer to several rules (e.g., Westgard Ru-
les; available at: www.westgard.com) to determine
if the assay is still performing adequately or if in-
strument/assay troubleshooting is required. For
example, when IQC results are flagged as being
out of the expected range by more than three
standard deviations, the laboratory should be aler-
ted and the problem investigated and resolved.
Results from that particular run should not be re-
ported until the out of range IQC issue is ad-

dressed. Records should be kept of changes in lot
numbers of reagents and variation between rea-
gent lots monitored. Recalibration may be requi-
red for specific assays (e.g., new standard curve for
specific factor assays). IQC can be readily and easi-
ly applied to most diagnostic haemostasis assays.
Several levels of controls are utilized for each and
every test analyte. Some examples are given in
Table 1.

In contrast, a review of the IQC (and EQA) for pla-
telet aggregation testing emphasizes the strug-
gle diagnostic laboratories may face providing
adequate quality control for particular tests. In this
instance, for example, one issue comprises the col-
lection and transport of fresh blood to provide
functional platelets for testing. An important fun-
ction of IQC is to ensure reproducibility of testing.

TasLE 1. Sample quality control specifications for coagulation and haemostasis.

Test (abbreviation)

Level 1 control target

Level 2 control target

Optional/ additional controls and
comments

Routine coagulation Midpoint of normal

tests (i.e., PT, INR,

reference range

Midpoint of therapeutic
(anticoagulant therapy) range

High end of therapeutic or abnormal
range

APTT, TT). (high level)

Fibrinogen Low end or midpoint of Midpoint of abnormal (low level)  High end control if thrombosis-risk is
normal reference range range being assessed.

D-dimer Low end or midpoint of Midpoint of abnormal (positive) High end for quantitative assays,
normal (negative) reference range (positive control) especially if DIC is being ‘monitored’
range (negative control)

Factor assays Low end or midpoint of Midpoint of abnormal (low level)  Factor deficient plasma to identify

(FIl, FV, FVII, FVII,
FIX, FX, FXI, FXII)

normal reference range
(i.e., 90-100%)

range (i.e., 20-40%)

lower assay limit; high-end control
(=150%) for quantitative assays if
thrombosis-risk is being assessed.

FXII Normal plasma (negative FXIIl deficient plasma (positive
control) control)
VWEF assays Low end or midpoint of Midpoint of abnormal (low level)  VWF deficient plasma to identify lower
normal reference range range (i.e., 20-40%) assay limit; high-end control (=150%) for
(i.e., 90-100%) quantitative assays if thrombosis-risk
is being assessed; qualitative (Type 2
VWD-like) control.
PC, PS, AT Low end or midpoint of Midpoint of abnormal (low level)
normal reference range range, or heterozygous pattern
control
APCR Low end or midpoint of Midpoint of abnormal (low level)
normal reference range range, or heterozygous pattern
control
LA Negative control Positive control (weak positive Positive control (moderate or strong

near assay cut-off)

positive)
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For platelet aggregation this should therefore
ideally include a normal (and ideally an abnormal)
control with every batch of platelet functions per-
formed. A normal (and an abnormal) control shou-
Id also be run with each new lot of reagents. Al-
though this may seem simple it is not without its
challenges. Commercial control material does not
exist. Abnormal control material would need to be
obtained from patients with known defects, or on
anti-platelet agents. The provision of normal do-
nors to provide fresh platelets is also an issue, par-
ticularly for small laboratories where ‘volunteers’
may be in short supply. There are also obvious et-
hical issues related to these invasive procedures
being regularly repeated on normal and patient
‘volunteers’. The current CLSI guidelines (52) state;
“It is good laboratory practice that [platelet function]
reagents are tested with a normal platelet control ea-
ch time an aggregation study is performed; one may
plot these cumulative values on a QC chart to assess
their potency”. However, while this can be achieved
in large laboratories (55), it is not typically feasible
for most test laboratories. Other international gui-
delines on platelet function testing aiming to pro-
vide diagnostic laboratories with guidance on
sample collection, processing and analysis are cur-
rently being formulated by members of the ISTH.

External quality assurance

EQA describes a different and supplementary pro-
cess to 1QC. EQA is a peer group assessment proce-
ss that allows a laboratory to assess individual ana-
lytes against those of other laboratories using eit-
her the same or different reagents or instrumenta-
tion. EQA also provides a means to evaluate long-
term performance of laboratories. For haemostasis
testing, the analytes assessed by EQA programs
are those used in the diagnosis and treatment of
bleeding and thrombotic disorders. As well as pro-
viding an external assessment of laboratory test
performance, most EQA providers also offer edu-
cational support for laboratories, either through
expert advice or via the distribution of written
publications. In addition, most EQA providers dis-
tribute and collate questionnaires related to curre-
nt practice, which also inform participants on va-
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rious topics of interest, and provide additional in-
formation on reagents, instrumentation and labo-
ratory practices.

Assessment criteria utilized by EQA providers may
vary from program to program. EQA reports typi-
cally permit laboratories to also undertake self-as-
sessment of their own results compared to those
of their peers. Individual laboratory bias and drift
can be monitored as well as accuracy and preci-
sion. For example, the Royal College of Pathologis-
ts of Australasia (RCPA) Haematology Quality Assu-
rance Program (QAP) provides participants with
summary data for an entire year’s program to give
an overview of long-term laboratory performance.
End of cycle (EOC) reports also provide a statistical
analysis of the results for each analyte over the
survey year.

Participation in a program that offers EQA is often
a requirement for laboratory accreditation by re-
gulatory authorities (56). For example, within Aus-
tralia, medical laboratory accreditation is conduc-
ted by a body called NATA (National Association of
Testing Authorities), which assesses all Australian
diagnostic haemostasis laboratories on a three-
year basis. In the U.S. this is largely accomplished
by the College of American Pathologists (CAP). Du-
ring these assessments, the results from the EQA
program are examined and any analytes outside
of defined ‘allowable limits of performance’ need
to be identified as being actioned or investigated
by the laboratory, and an explanation of any dis-
crepancies needs to be recorded. If the problem
occurs over more than one survey then the labora-
tory needs to be proactive in solving the issue.
Moreover, the EQA providers are themselves also
monitored by these government regulatory bo-
dies. For example, the RCPA Haematology QAP is
accredited by NATA and also assessed on a three-
year basis.

Importance of external quality assurance

There are many internationally recognized EQA
programs, although several are prominent in the
area of coagulation and haemostasis (57-60). The-
se include the RCPA Haematology QAP, the UK-ba-
sed NEQAS (National External Quality Assurance
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Scheme), the European based ECAT, and the US
based CAP (College of American Pathologists) and
NASCOLA (North American Specialized Coagula-
tion Laboratory Association). There are also several
National programs that conduct EQA programs
within more localized regions such as individual
countries. All programs have value, although eco-
nomies of scale for some analytes would favor the
larger or international programs. Thus, EQA for
routine coagulation testing would largely be cove-
red by all EQA programs that offer coagulation-ba-
sed programs, although local or National progra-
ms would likely dominate, whereas assessment of
analytes for the more specialized tests of haemos-
tasis (e.g., VWF, factor inhibitors, etc) would only
be provided by some of the international EQA
programs.

In any case, it is through these EQA programs that
laboratories can monitor, improve and establish
good laboratory practice in order to ensure accu-
racy, precision and quality of testing. This in turn
will provide more correct diagnoses and safer pa-
tient care by clinicians, which is the main purpose
of laboratory procedures. The following paragrap-
hs highlight some recent initiatives by various EQA
providers.

Routine coagulation testing

Most publications about the evaluation of routine
coagulation testing relate to their application wit-
hin the investigation of specific disorders (see fol-
lowing sections) or to INR monitoring of anticoa-
gulant therapy or to D-dimer testing. With respect
to the both INR and D-dimer, many ongoing issues
have been highlighted by EQA providers. For ex-
ample, errors in the equation used to calculate INR
or errors in the conversion of units used in reporti-
ng quantitative D-dimer assays (57-62).

Thrombophilia testing

Since both test methodology and the composite
tests performed within a panel can affect the ac-
curacy of the detection of specific thrombophilia
markers, assessment of testing practice by evalua-
tion of laboratory based test proficiency using

multi-laboratory surveys (EQA) is considered a ba-
sic necessity in laboratory practice.

Lupus anticoagulant (LA)

Because of the heterogeneity of LA antibodies and
the dependence of the laboratory testing on the
clinical diagnosis, reliability in the many different
assays used to detect aPL is needed. Test perfor-
mance guidelines have recently been updated by
the ISTH SSC (43). Despite these efforts, testing re-
mains plagued by a plethora of methodological is-
sues and non-standardization in test practice (18).
The CAP published an evaluation on the effect of
LA on routine coagulation factor assays in 1986
and 1987 (63). At that time, the APTT reagents va-
ried in their sensitivity to LA leading to the conclu-
sion that laboratories needed to be careful in their
selection of APTT reagents for detecting LA. Also
noted was the potential for a strong LA to interfe-
re with the FVIIl assay causing falsely low levels for
all APTT reagents with a high titre LA.

Over a period of three years, NEQAS evaluated re-
sults returned by participants for a weak, strong
and absent LA samples (64). The testing was per-
formed in 220 centers and the APTT, dRVVT (dilute
RVVT) and KCT (kaolin clotting time) results were
evaluated. The ability of individual laboratories to
make an appropriate diagnosis was influenced by
selection and application of the test technique.
The presence of a strong LA was not detected by
4% of laboratories, with the correct diagnosis bei-
ng made by 94% of dRVVT users and 85% of KCT
users. A weak LA was not detected by over half of
the testing centers. Improvements in testing for
LA were found by this EQA provider in a later sur-
vey after dissemination of national guidelines on
laboratory methods (65).

The RCPA Haematology QAP has over the last 10
years evaluated over 20 LA survey samples distri-
buted to participants (most were various grades of
positive for LA, a few were normal or equivocal).
Most laboratories used a panel of tests including
the APTT (100% of participants), KCT (26-76%), and
dRVVT (75-100%). Coefficients of variations (CVs)
for assays have ranged from 5 to 40%. dRVVT ap-
peared to be the most sensitive and specific for
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detection of LA, although laboratories performed
best when they used a panel of tests (66). The ove-
rall error rate was generally < 5%, and was in part
dependent on the strength of the LA (higher rates
for weaker LA). Although the then-current LA gui-
delines were followed by the majority of participa-
nt laboratories, interpretative errors were often
produced by the small number of laboratories that
did not.

NASCOLA and ECAT have also assessed and repor-
ted on performance of LA testing, with NASCOLA
recently identifying a high false negative rate of
35-40%, and identifying that some 25% of labora-
tories did not comply with ISTH recommenda-
tions (67).

AT, PC, PS and APCR

A diagnostic error rate of 2-10% has been obser-
ved for AT, PC, PS, and APCR from participants of
the RCPA QAP, with both test type and test metho-
dology contributing to this (66). The best perfor-
mer is the AT assay, while the worst are the PS as-
says (both total and free PS assays) with CVs reac-
hing 30%. Tests for PC also suffer from some deg-
ree of variability, and both PC and PS clot-based
assays may on occasion be influenced by the pre-
sence of APCR. Similar findings have also been re-
ported by the NEQAS and ECAT (68,69). The APCR
assay error rates were greater for the APTT-based
method (even when FV deficient plasma was ad-
ded to the test system) than the RVVT-based met-
hod, which performed well even without the addi-
tion of FV deficient plasma (66).

Factor inhibitor investigations

This has recently been reported by various EQA
providers (70-76). In brief, high inter-assay variabi-
lity in assay results has been consistently observed
in all reports, with little or no improvement over
the past decade. Also concerning is the lack of
standardization across laboratories, with no two
laboratories identified as performing the same te-
st procedure in a recent evaluation from the RCPA
Haematology QAP (72,73). Overall, the Nijmegen
method appears to perform slightly better than a
standard Bethesda method.
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Von Willebrand factor/ von Willebrand
disease investigations

In the period of 2003-2005, CAP evaluated the
performance of 160 to 219 laboratories using three
different lyophilized plasmas with VWF antigen le-
vels of 25%, 50% and 100% (77). The results
showed high accuracy for the VWF:Ag and VWF:R-
Co activity assay, with all-method mean values fal-
ling between 3.2% and 5.6% respectively. Howe-
ver, whilst the VWF:Ag assay showed moderate
precision, with all CVs ranging from 10.7% to 15.1%,
the VWF:RCo assay showed low precision, with all
method CVs ranging from 23.3 to 30.9%. Precision
increased as the VWF concentration increased for
all assays.

The RCPA Haematology QAP has dispatched a to-
tal of nearly 60 plasma samples to participants for
VWD evaluation over the years 1998 to 2009
(34,35,78). These samples have included plasma
from normal individuals plus all of the major VWD
subtypes (Type 1, Type 2A, 2B, 2M, 2N, and Type 3).
FVIII:C was performed by all participating labora-
tories. VWF:Ag was performed by all participants
in earlier surveys, but in more recent survey a few
laboratories have not included this in their panel
of tests. The VWF:RCo assay was performed by >
90% of participants in earlier surveys, but this has
dropped to ~ 60% of participants in more recent
surveys, indicating that many laboratories have
ceased using this assay. Usage of the VWF:CB assay
has been fairly consistent over the years with ~
50% of participants performing the assay. Greater
than 80% of participants generally perform at lea-
st one functional assay (i.e., either VWF:RCo or
VWEF:CB) and in ~ 40% of cases perform both as-
says. The CVs for all these assay has been reported
in the literature and are dependent on both the
methodology and level of VWF in the sample, but
tend to increase in the order FVII:.C < VWF:Ag <
VWEF:.CB < VWF:RCo, and CVs are highest when the
VWEF level is lowest. In the more recent reports, the
issue of diagnostic interpretive error rates associa-
ted with methodology and test panels has been
explored. The main finding is that addition of
VWEF:CB to a core test panel of FVIII:C, VWF:Ag, and
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VWEF:RCo will consistently and substantially reduce
VWD diagnostic error rates.

Another major recent issue explored by the RCPA
Haematology QAP was the evaluation of the per-
formance of the VWF tests at (diagnostically im-
portant) low levels of VWF (35). The RCPA QAP
identified the lower limit of sensitivity for VWF:Ag
and VWF:.CB assays to be up to 10 U/dL, but this
was up to 20 U/dL or greater for VWF:RCo. Interes-
tingly, automation of many of these test procedu-
res over the last few years has not improved the
lower limit of sensitivity performance in the diag-
nostic haemostasis laboratory. The RCPA Haema-
tology QAP made several recommendations to he-
Ip reduce the possibility of diagnostic error in VWD
related to this issue, and namely:

1. choose appropriate methodologies capable of
measuring levels of VWF well below 20 U/dL;

2. repeat VWF testing on a fresh sample for confir-
mation;

3. use a comprehensive range of appropriate con-
trols;

4. adjust the concentration of the test plasma to
match assay tolerances; and

5. perform as comprehensive a test panel as pos-
sible.

Other EQA providers have reported on VWF testi-
ng, and have also shown considerable variation in
test practice and in test results, both of which
compromise the diagnostic process (79,80).

Platelet function testing

Although not ideal, recent initiatives from the
RCPA and other EQA providers show that some fo-
rm of EQA for platelet function testing is also fea-
sible (81-87). As an example, the RCPA is offering a
new program to cater to the PFA-100 analysis in la-
boratories from 2010.
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Kvaliteta koagulacijskih pretraga i ispitivanja hemostaze

SaZetak

Kljucni elementi programa procjene kvalitete, osobito unutarnje kontrole kvalitete (engl. internal quality control, IQC) i vanjske procjene kvalitete
rada (engl. external quality assurance, EQA) trebaju se primjenjivati u svakom laboratorijskom ispitivanju, kako bi se osigurala tocnost i preciznost
nalaza. Koagulacijski laboratorij ima vaznu ulogu u postavljanju dijagnoze i lijecenju osoba s poremecajima krvarenja ili zgrusavanja. Metodolo-
gije analiza za procjenu uobicajenih poremecaja i bolesti hemostaze ocjenjuju se isto kao i klinicki znacaj svake analize. U laboratoriju za hemos-
tazu je prijeanaliticka faza laboratorijskog ispitivanja najveci izvor pogresaka rezultata, stoga je nadasve vazno ispravno sakupiti, transportirati i
pohraniti uzorke. Uzorci za analizu hemostaze moraju biti sakupljeni uz 3,2%-tni natrij-citrat u omjeru krvi i antikoagulansa od 9:1 te se tijekom
obrade moraju Cuvati na sobnoj temperaturi. Neki postupci ispitivanja poput pretrage ispitivanja funkcije trombocita slijede posebne zahtjeve za
obradu i ispitivanje. Kod pretraga koje se odreduju u plazmi, centrifugiranje za dobivanje plazme siromasne trombocitima mora uslijediti unutar
4 sata od uzimanja uzoraka ili se plazma mora zamrznuti.

1QC se mora provesti kod svakog ispitivanja na odgovarajucoj razini analita i u odgovarajucim vremenskim razmacima kao sredstvo procjene is-
pitivanja u tijeku. EQA, proces procjene prema skupini metoda koji nadopunjuje IQC, dodatno nudi mogucnost procjene dugorocnog rada labo-
ratorija, ukljucujuci usporedbe sa slicnim i razlicitim metodologijama te Cesto sluzi kao edukacijsko sredstvo. Sudjelovanje u programu EQA cesto
je jedan od zahtjeva za akreditaciju laboratorija. Postoji velik broj organizatora medunarodnih programa EQA koji nude posebne programe za
rutinske i specijalizirane testove ispitivanja hemostaze. Ti programi daju dragocjenu informaciju o stopi dijagnostickih pogresaka za pojedini test,
0 preciznosti, tocnosti i osjetljivosti testa te procjeni jelokupnog procesa ispitivanja. Ukljucivanje IQC i EQA u laboratorijski program nece samo
pomoci zajamciti pouzdanost i tocnost ispitivanja, vec e poboljsati i kvalitetu samog ispitivanja.

Kljucne rijeci: kvaliteta; hemostaza; koagulacija; unutarnja kontrola kvalitete; vanjska procjena kvalitete rada
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