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INTRODUCTION

Venous thromboembolism is a common and potentially
lethal disease. Thrombosis and associated pulmonary
embolism has a worldwide annua incidence of around 1
in 1,000 individuals, and represents a magjor cause of
morbidity and mortality, contributing towards more than
50,000 deaths each year in the United States?. These
authors showed that risk of recurrence at 12 months was
12.9%, and was 30.4%, ten years post first thrombosis.
There is no internationally accepted definition for the
term ‘thrombophilia’, but it is generally used to describe
subjects with a predisposition to (usualy venous) throm-
bosis. Thrombophilia may be an inherited or acquired
condition — an inherited defect may be identified in
approximately 25-30% of unselected patients with throm-
boembolic episode?. In 1965, antithrombin deficiency
was diagnosed as the first condition to cause inherited
thrombosis, subsequently a wide variety of defects have
been associated with heritable thrombophilia®.

ANTITHROMBIN

In 1939, when the anticoagulant activity of plasma was
being investigated, Brinkhous, et al. speculated “....the
substance in question might be defined as one which

together with heparin not only prevents the formation of
thrombin but also destroys any thrombin which may be
present.”4. The first subject diagnosed with familial
thrombosis had antithrombin deficiency®, and the author
provided evidence that antithrombin 11l and antithrombin
Il (heparin cofactor) were the same substance.
Antithrombin 11l is now simply named antithrombin® and
it is recognised to be a serine protease inhibitor which
inhibits thrombin, factors Xa, 1Xa, Xla, Xlla, kalikrein,
plasmin, urokinase, trypsin?, and factor Vlla is when in
complex with tissue factor®. The majority of carriers of
antithrombin gene mutations have venous thrombosis by
middle age®.

Antithrombin is a glycoprotein with molecular-weight
58, 200, the plasma concentration is approximately
125mg/L (2.3uM), and half-life is around 65 hours?,
although half-life of antithrombin in infused concentrate
may be considerably shorter than this. Antithrombin
comprises 432 amino acids and has four glycosylation
sites: at Asn96, Asn135, Asn155 and Asn192, which may
have variable siaic acid content, and a minor proportion
of antithrombin (antithrombin beta) is not glycosylated at
Asn135, having 25-30% less carbohydrate content, com-
pared to the major fraction, antithrombin alpha?® 19.
Antithrombin beta comprises 5-10% of the total, and has
increased heparin-binding, which makes this isoform
bind very strongly to the vessel wall, resulting in it being
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the primary inhibitor of thrombosis in the circulation'?.
Antithrombin displays numerous major and minor peaks
when investigated using crossed isoel ectric focusing®.
Antithrombin binds to specific sulphate groups on the
pentasaccharide structure of heparin and becomes acti-
vated by more than a thousand-fold. The activated clot-
ting factor then binds to antithrombin and cleaves the
reactive site of antithrombin, which is termed P;-P;”, and
is the peptide bond between Arg 393 and Ser 39412,
Antithrombin and enzyme then form a stable 1:1 prote-
olyticaly inactive complex.

ANTITHROMBIN DEFICIENCY

Antithrombin deficiency can be congenital, or acquired.
Causes of acquired deficiency include thrombosis
(including disseminated intravascular coagulation), liver
disease, nephrotic syndrome'®, heparin therapy, and
treatment with L-asparaginase!¥. In vitro studies suggest
that antithrombin functions as a negative acute phase
reactant protein, and levels may fall during infection.
Antithrombin activity level but not antigen concentration
is moderately decreased in insulin dependent diabetics,
compared to normal controls, and antithrombin activity
correlates inversely with glycosylated plasma proteins'©.
Inherited deficiency of antithrombin has a prevalence of
around 1/3000, although this prevalence could be higher
if assays with greater sensitivity to functional variants
were used®. Two major types of deficiency are recog-
nised: type | is characterised by parallel reduction in
activity and antigen levels in plasma whilst qualitative
type Il is defined by discrepant activity and antigen lev-
els. Three subtypes of qualitative defects are recog-
nised depending on whether the mutation affects the
heparin binding site (HBS), reactive site (RS) or has
pleiotropic [multiple] effects (PE). Unlike the other
variants, heterozygous type Il HBS antithrombin defi-
ciency has reduced risk, possibly even no increased
risk of thromboembolic episodes®; whereas the
homozygous state is associated with both venous and
arterial thrombosis; other types of homozygous
antithrombin deficiency are believed to be incompati-
ble with life. The Antithrombin Mutation Database
(www.med.ic.ac.uk/divisions/7/antithrombin) currently
identifies 80 distinct point mutations and 12 partial/whole
deletions resulting in type | antithrombin deficiency,
whilst distinct point mutations causing types RS, HBS
and PE, presently number 12, 12 and 11, respectively.

MEASUREMENT OF
ANTITHROMBIN ACTIVITY

Assays of antithrombin must measure the protein’s func-
tion, as many deficient patients have type Il deficiency,
where antithrombin is quantitatively normal by antigen
assay but activity level is significantly reduced. Choice
of functional assay must take into account best practise,
where precision and sensitivity to all functional defectsis
maximised. The type of assay in general use is chro-
mogenic assay, as these assays can be very precise, a
necessity for antithrombin measurement where the nor-

mal range is very narrow, the lower limit of normal is
only around 20% lower than the population mean level.
Accuracy is aided by use of standards which have been
properly calibrated in international units per
millilitre/decilitre. Designing an assay sensitive to all
defects is not a simple achievement, as antithrombin
function is measured after activation by heparin, which is
followed by an initial bonding to and then enzymatic
cleavage of antithrombin and formation of a stable inac-
tive antithrombin-enzyme complex. Heparin differentially
enhances the activity of antithrombin, thus reducing the
effect of other inhibitors. Heparin co-factor Il inhibits
thrombin and is an additional (confounding) factor in
antithrombin assays, especially when human thrombin is
used as enzyme and incubation times with plasma are
more than 30 seconds'”). To significantly reduce this
interference, which can cause over-estimation of
antithrombin concentration, bovine thrombin can be used
in place of human thrombin, or factor Xa can replace
thrombin altogether. Bovine thrombin reacts minimally
with heparin co-factor I, and heparin co-factor Il does
not react with factor Xa at al, resulting in more reliable
detection of antithrombin deficiency, compared to an
assay incorporating human thrombin'®. Thrombin-based
antithrombin assays must not be used in patients receiv-
ing hirudin, or other direct thrombin inhibitors, since
antithrombin levels can be substantially overestimated™.
In a U.K. National External Quality Assurance Scheme
(U.K. NEQAYS) survey, a sample from a patient with
antithrombin Wobble?® showed a mean antithrombin
level of 50.2iu/dL using bovine thrombin-based assays
(n=60) and 48.0iu/dL with factor Xa-based assay
(n=110); in contrast, the mean level for the 30 laborato-
ries using human thrombin was significantly higher, and
was 61.8iu/dL (personal communication). In contrast, a
sample from a subject with protein S deficiency but with
normal antithrombin level gave comparable results by all
three assays (Table 1).

Factor Xa-based assays of antithrombin, may be normal
in the presence of two type Il RS defects. The first is
antithrombin Cambridge 112, where the variant
antithrombin (Ala384Ser) is cleaved by thrombin and fac
tor Xa, but only factor Xa is successfully trapped by

Table1l Antithrombin Level (iu/dL) by Enzyme

Bovine Human Factor
Thrombin  Thrombin Xa
PS deficiency 102.0 102.8 105.5
AT Wobble (Thr85Lys) 50.2 61.8 480
n 60 30 110

Results from U.K. NEQAS survey. A sample from a subject with
antithrombin deficiency (Antithrombin Wobble), and a sample from a
subject with protein S deficiency were distributed to participant labo-
ratories and results analysed according to which enzyme was used in
the assay. Antithrombin level was significantly higher in plasma from
the subject with AT Wobble when measured using human thrombin,
when compared to assays using bovine thrombin and factor Xa, con-
cordant results were seen in the subject with protein S deficiency and
normal antithrombin level.
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antithrombin as an inactive complex. The second,
antithrombin Denver (Ser394Leu) is a P1 reactive site
variant of antithrombin that has slightly reduced inhibi-
tion rate constant for factor Xa (3.8 fold), but greatly
reduced inhibition rate constant for thrombin (310 fold),
when heparin is present?d. Our experience using Sysmex
CA-6000 analyser, is that both variants have significantly
reduced antithrombin levels when measured using bovine
thrombin based assay (Dade Behring assay, Sysmex,
Milton Keynes, UK), compared to an assay based on fac-
tor Xa (Coamatic antithrombin kit, Quadratech, Epson,
UK) and antigen assay, which are concordant. To max-
imise sensitivity to heparin binding site variants, a short,
30 second incubation of sample dilution with enzyme (in
the presence of low concentration of heparin) has been
recommended for antithrombin assays, as heparin bind-
ing site variants may not be detected with longer incuba-
tions* 22 2. Fig. 1 shows antithrombin assays carried out
on Sysmex CA-6000 analyser and Dade Behring kit, with
thrombin incubation time from 1 to 5 minutes, tests were
performed on four normal subjects plasma and from three
subjects with geneticdly confirmed type Il HBS antithrombin
deficiency (two with antithrombin Toyama — Arg47Cys,
and one with antithrombin Geneva - Arg129GIn). These
results demonstrate the requirement for a short incubation
time of antithrombin with thrombin to alow detection of
heparin-binding variants.

MEASUREMENT OF
ANTITHROMBIN ANTIGEN

Functional antithrombin assays must be used to initially
detect deficiency, but immunological assays may assist in
sub classification of antithrombin defects. Functional
assay must be used to monitor treatment of patients
receiving antithrombin concentrates, where the presence
of degraded antithrombin molecules with reduced
heparin-binding may be associated with discrepancies
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between functional and immunological levels®?. Many
immunological assays for antithrombin are in use, includ-
ing Laurell rocket immunoelectrophoresis, enzyme
linked immunosorbant assay and radial immunodiffusion,
and recently an automated immuno-turbidimetric assay
has become available (Diagnostica Stago). Although
antithrombin activity levels are generally measured as a
relative concentration (in iu/mL or iu/dL related to the
amount of antithrombin in a pooled normal plasma),
immunological levels of antithrombin are sometimes
reported as a relative or an absolute concentration
(mg/dL or mg/L); for comparability and consistency
between different thrombophilia screening tests, relative
concentrations are recommended

Heparin-binding studies and crossed immuno-elec-
trophoresis with and without heparin may be used to
identify molecular variants, particularly to help distin-
guishtypell HBS and RS variants? 29

Good assay design should be employed for all investiga-
tions. The most precise results are likely to be obtained
using a‘live’ antithrombin standard curve when diagnos-
tic assays are being performed, athough a stored curve
may be used to monitor therapy, as long as quality con-
trol values are within acceptable limits. Calibration
curves typically comprise four dilutions of reference
plasma, three of the dilutions being in the range 0.4-
0.9iu/mL. Drift in calibration curve data may occur over
relatively short time periods. Assay precision should be
evaluated to determine whether duplicate or replicate
testing is required, although duplicate testing is not
required on Sysmex analysers, abnormal results should

Type Il HBS AT3 deficiency
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g.1 Antithrombin assays carried out on Sysmex CA-6000 analyser and Dade Behring kit, with thrombin incubation time varied from 1 to 5 min-

utes, tests performed on four normal subjects and three subjects with genetically confirmed type Il HBS antithrombin deficiency.
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always be checked. Reference plasmas should either be
obtained from carefully calibrated commercial sources,
or from institutions such as the U.K. National Institute
for Biological Standards and Controls (NIBS&C), and in
either case, results must be reported in International Units
per mL, or, dL. It is important to be aware that the
assigned potency may only be accurate for the method(s)
used to calibrate the standard plasma. Quality assurance
should include internal quality control to ensure within
and between-run precision; normal and abnormal level
controls should be employed for each group of tests and
results should be plotted to identify trends, we always
include quality controls both at the beginning and end of
each run, and within the run when testing more than
twenty patient samples. Participation in external quality
assessment schemes helps assess accuracy and allows
between-laboratory comparison, and may identify
method-related differences. The reference range for
antithrombin should be based on the 95th percentile as
distribution does not follow a normal, or, log-normal pat-
tern2”. The author’s adult reference range includes
assayed levels from approximately eighty healthy volun-
teers, although an absolute minimum of 40 donors has
been recommended to construct a reference range, and a
group of more than 120 donors is preferable®). Age, sex,
oral contraceptive use, circadian variation may al influ-
ence antithrombin level. However, for practical purposes,
it is acceptable to use a single (adult) reference range
which includes similar numbers of men and women, tak-
ing no account of circadian rhythm, but hormone use
should be taken into account when interpreting results.
Very low levels antithrombin levels are found in
neonates, and we refer to data from the literature to inter-
pret these results®. Antithrombin activity is consumed
during coagulation, and low levels are found in clotted
samples. Interpretation of patient’s results should be
made with due regard to analytical and clinical variables
to ensure inappropriate diagnoses are avoided.

Quality controls
within limits

Chromogenic
Antithrombin Assay

A ROUTINE APPROACH TO
ANTITHROMBIN TESTING

The following approach to the measurement of
antithrombin is applied in the author’s laboratory. We
routinely use a Sysmex CA-6000 analyser with Dade
Behring antithrombin assay kit. Sample dilutions are
prepared using Sysmex System Buffer (Owren’s veronal
buffer), which may be sampled from a bottle outside the
main instrument, but on newer analysers (CA-1500 and
CA-7000), buffer is taken directly from an internal
reagent position. To increase sensitivity to heparin bind-
ing site defects, we use a (shortened) one-minute incuba-
tion of sample dilution with bovine thrombin reagent.

Our current normal range for antithrombin activity is
0.84iu/mL to 1.16iu/mL, based on assay of levelsin 79
normal subjects, tested over a number of days, and refer-
ence range set between 2.5th and 97.5th percentiles. We
avoid testing plasma from subjects with on-going or
recent thrombosis. We test citrated plasma, which has
been stored in small aliquots below —35°C, and thawed at
37°C in awaterbath (once, only) for no more than 5 min-
utes. The following guidelines are used for issuing chro-
mogenic antithrombin levels: the calibration curve must
be observably linear and quality control results within
limits (limits set at +/- 2 standard deviations from the
mean of at least 12 runs); then results greater than
0.90iu/mL are issued without comment; results less than
0.90iu/mL are checked by re-introducing the sample to
the analyser; antithrombin less than 0.80iu/mL are
checked to confirm that the sample is plasma, not serum.
Samples with antithrombin less than 0.90iu/mL are
assayed for antithrombin antigen level and results issued
if activity and antigen agree; if activity and antigen levels
are discrepant, both are checked and results issued if in
agreement, re-checked if thereis an anomaly (Fig. 2).

Result reported

activity levels are checked

Antithrombin antigen assayed

Borderline/Low

Results checked against each other

Fresh specimen to
confirm abnormal results

Further studies

Results
Reported

Fig. 2 Procedurein the author’s laboratory for the acceptance of antithrombin assay results
Antithrombin activity results on patients are considered valid when quality control values are within acceptable limits, and borderline and
low levels are checked and compared with antigen level (ELISA) — discrepancies are followed up by re-assay of both activity and antigen

level and then results can be reported.
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This approach of checking and re-checking is rigidly
adhered to and has picked up analytical errors on a num-
ber of occasions. Complex analysers make highly accu-
rate analysis of large numbers of samples possible, but
analysers are prone to complex problems. We consider
that duplicate antithrombin levels should be no more than
around 5% apart, if excess imprecision is suspected, we
assay antithrombin 10 times on plasma with normal
antithrombin level and consider that alack of precisionis
present when the coefficient of variation is greater than
2% in this run. Typically, we observe a coefficient of
variation of around 1.3-1.9%, a norma sample showed
levels varying by no more than 0.03iu/mL when the coef-
ficient of variation was 1.3%, and results varied by as
much as 0.06iu/mL when the coefficient of variation was
1.9%. An unacceptable coefficient of variation of 2.5%
was associated with duplicate results varying from
0.83iw/mL to 0.90iu/mL. We consider it to be advanta-
geous to analyse runs of at least twenty patient samples,
with daily calibration. Large batches are economical in
terms of time and reagents, and a trend to higher or lower
results on an individual day can detect errors of accuracy
even when values on the quality control plasmas are
within ‘acceptable’ limits.

CONCLUSIONS

Antithrombin is activated by heparin, and binds to serine
protease, which cleaves antithrombin and then becomes
trapped in a stable 1 to 1 inactive complex. Type |
antithrombin deficiency results from lack of production,
or increased turnover, whereas type Il deficiency arises
from mutations causing failures of function. In order to
screen for al types of antithrombin deficiency, the assay
must be functional, specific, precise and sensitive.
Assays using human thrombin may lack specificity,
being influenced by heparin cofactor Il, and can overesti-
mate antithrombin concentration. Thrombin-based
assays must not be used to test plasmas from subjects
treated with direct thrombin inhibitors, as they have been
shown to overestimate antithrombin concentration,
whereas factor Xa-based assays are specific. Sensitivity
to antithrombin Cambridge Il and Denver is an issue with
factor Xa-based assays, as they may not be detected using
this type of assay, but are detected using bovine thrombin-
based assay, in the presence of heparin. Antithrombin
deficiency, with the exception of heterozygous type
Il HBS, is associated with a greatly increased risk of
venous thrombosis. Patients receive counselling, antico-
agulation at times of heightened thrombotic risk, and may
be treated with antithrombin concentrate. Specific, pre-
cise and sensitive techniques to measure antithrombin are
therefore essential in order to reliably detect al forms of
antithrombin deficiency. Clinical and therapeutic condi-
tions, along with other pre-analytical variables must be
taken into account when interpreting results.
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