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METHODOLOGY

This guideline was compiled according to the BSH process at
[https://b-s-h.org.uk/media/16732/bsh-guidance-developmen
t-process-dec-5-18.pdf]. The Grading of Recommendations
Assessment, Development and Evaluation (GRADE) no-
menclature was used to evaluate levels of evidence and assess
the strength of recommendations. The GRADE criteria can
be found at http://www.gradeworkinggroup.org. Literature
search criteria can be found in Appendix A.

REVIEW OF THE MANUSCRIPT

Review of the manuscript was performed by the British
Society for Haematology (BSH) Haemostasis and
Thrombosis Task Force and the BSH Guidelines Committee.
It was also placed on the members section of the BSH website
for comment.

© 2024 British Society for Haematology and John Wiley & Sons Ltd.

INTRODUCTION

This guideline aims to update healthcare professionals
working in the UK on the measurement of anti-coagulants
(other than coumarins) currently licensed for use in the UK,
and their effects on laboratory assays (Table 1). It provides
recommendations based on the body of literature produced
since the previous guidance published in 2014." Direct fac-
tor (F)XIa- and direct FXIla-inhibiting anti-coagulants are
at various stages of development but not yet licensed, so are
not discussed in this guideline.” The recent guidelines from
the International Society of Thrombosis and Haemostasis
Scientific Standardization Committee (ISTH/SSC) on the
nomenclature to be used when describing non-vitamin K
anti-coagulation® are followed.

Some anti-coagulants, such as unfractionated heparin
(UFH) and argatroban, have been in clinical use for decades.
Laboratory monitoring to guide dose adjustments has been
with the widely available activated partial thromboplastin
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time (APTT). However, the COVID-19 pandemic high-
lighted the wide variability in the sensitivity of different
APTT reagents in patients with acute illness, emphasising
the need for accessible and cost-effective anti-FIIa and anti-
FXa assays for routine monitoring.

The introduction of specific anti-FIla or anti-FXa-based
assays has provided a means to quantitate plasma drug con-
centrations of the newer fixed-dose Flla inhibitors (FIIal)
and FXa inhibitors (FXal). When used according to licence,
monitoring these direct oral anti-coagulants (DOACs) is not
required, but measuring drug concentration can add value in
some circumstances (Table 2). As neither drug concentration
nor dose-adjustment based on the measured concentration
has yet been shown to affect efficacy or safety, it is incorrect
to refer to a therapeutic range. In this manuscript, the term
‘expected range’ is used to acknowledge this limitation.

There are many reports in the literature about the effects
of anti-coagulants on measurable parameters of haemosta-
sis. Lack of awareness of these effects, which are variable
depending on anti-coagulant, timing of sampling and re-
agents, can cause confusion and delay diagnosis and care.
Table 3 gives a broad overview of the types of impact on lab-
oratory assays that may be seen.

All assays described must be used in accordance with re-
quirements of ISO15189.

NEUTRALISATION OF
ANTI-COAGULANT ACTIVITY PRIOR
TO HAEMOSTASIS TESTING

Activated charcoal products (ACP) (tablets or filters) that
adsorb some anti-coagulant activities from plasma samples
have been suggested as a way of undertaking haemostatic
tests while continuing anti-coagulant therapy.*™® The process
appears to remove not only the effects of rivaroxaban, apixa-
ban edoxaban, dabigatran, argatroban, protamine, aprotinin
and polymyxin but also leaves heparin-like and coumarin
anti-coagulant activity intact.”® Many haemostatic param-
eters have been reported to be unaffected by ACP, including
those associated with haemophilia, thrombophilia (including
lupus anti-coagulant assays) and thrombin generation assays
(TGA), making the process attractive for many diagnostic al-
gorithms.”™™" ACP do not remove the effects of heparin-based
or coumarin anti-coagulation, and caution is required if

TABLE 2 Some circumstances where measurement of anti-
coagulants that do not require routine monitoring may be considered.

o Renal impairment

o Use of an interacting drug

« At the extremes of body weight (e.g. below 50kg or above 120kg)

« In the presence of severe, acute haemorrhage

« To assess compliance

« Following suspected overdose

o Prior to an invasive procedure with a high bleeding risk when the
time from the last dose is not known

» Gastrointestinal abnormalities causing impaired absorption

o Use of non-standard doses

BRITISH JOURNAL OF HAEMATOLOGY

there are high levels of FXal present, as these may be incom-
pletely removed.'>'? If laboratories wish to use this approach,
the impact on local assays and reagents needs to be assessed
in-house and documented in accordance with the require-
ments of ISO15189. In general, delaying testing until off anti-
coagulation is the preferred option whenever possible.

UNFRACTIONATED HEPARIN (UFH)

Heparin is a naturally occurring glycosaminoglycan polymer
that has a physiological anti-coagulant function. It exists nat-
urally as polymers of varying sizes (20000-50000 Daltons),
and all pharmaceutical-grade UFH is derived from porcine
or bovine intestinal mucosa. Fractionation of primary poly-
mers produces smaller molecules of varying sizes referred to
as low-molecular-weight heparin (LMWH). UFH produces
its anti-coagulant effect mainly through inactivation of Flla
and FXa (as well as FIXa, FXIa and FXIIa to a lesser extent)
through an anti-thrombin-dependent mechanism."”” UFH is
a highly negatively charged molecule with a propensity for
reversibly binding to proteins and surfaces. Pharmacokinetic
limitations are caused by anti-thrombin-independent bind-
ing of heparin to plasma proteins released from platelets
and endothelial cells, resulting in a variable anti-coagulant
response leading not just to large interindividual variability
but also to intraindividual variability influenced by the pa-
tient's inflammatory response." One effect of this is to release
tissue factor pathway inhibitor (TFPI), inhibiting thrombin
generation in vivo, which is likely to contribute to the anti-
coagulant action.” Therefore, the anti-coagulant effect is not
directly proportional to the dose of UFH, which requires rou-
tine monitoring to optimise the balance between the required
anti-thrombotic effect and excessive bleeding risk.

Tests suitable for monitoring UFH are APTT, activated
clotting time (ACT) and heparin anti-FXa activity assay.
None of these assess all the anti-thrombotic effects of UFH
and all have limitations. Furthermore, evidence to support
the widely used expected ranges by either APTT or heparin
anti-FXa assay is weak.

PRE-ANALYTICAL CONSIDERATIONS

When using tri-sodium citrate blood collection tubes for
UFH monitoring, there should be only a small residual air
space in the tube once blood is added, achieved mainly with
a predetermined vacuum.'®"” Citrated samples containing
UFH destined for APTT must be centrifuged within 1h of
collection and analysed within 4h to avoid leakage of plate-
let factor-4 (PF4), leading to neutralisation of heparin.'®
Dextran sulphate releases heparin from its complex with
PF4 so when samples are analysed by anti-FXa assay using
dextran sulphate-containing reagents, centrifugation can be
delayed for up to 4h since there is only minor or no loss of
heparin anti-FXa activity and little clinically relevant im-
pact on management decisions.?>*" Samples collected into
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citrate-theophylline-adenosine-dipyridamole (CTAD) are
stable for at least 4h, even when used for an APTT.*"*

APTT FOR MONITORING UFH

One major limitation of the APTT for monitoring UFH is
the lack of specificity. For example, a lupus anti-coagulant or
deficiency of one or more clotting factors, such as FXII, may
prolong the APTT. This may falsely raise the APTT into the
target range despite suboptimal heparin levels. Conversely,
the APTT may not be within the target range even if the hep-
arin level is at the correct therapeutic concentration in the
presence of markedly elevated levels of coagulation factors
such as FVIII and fibrinogen. These are frequently elevated
due to the acute-phase response that is common in patients re-
quiring UFH.** Similarly, acquired anti-thrombin deficiency
can be seen in critical care patients, sometimes contribut-
ing to a higher-than-expected UFH dosage requirement.”
Furthermore, FVIII may be increased in patients with acute
thromboembolic events independently of the acute-phase re-
sponse, and during pregnancy.”® This makes the APTT less
sensitive to UFH, leading to the incorrect assumption that
heparin levels are inadequate.”” The target APTT range for
UFH for venous thromboembolism (VTE) was established
in a prospective study in 1972 which included only 234 pa-
tients (approximately 2/3 VTE and 1/3 with arterial events).2®
Although there was a low risk of recurrent thrombosis when
using an APTT ratio of 1.5-2.5 times a control APTT, the evi-
dence to support this as a target range was weak. The APTT
method utilised is no longer in use and is not traceable to
current methods. The target range is therefore not immedi-
ately applicable now; since APTT reagents vary markedly in
their responsiveness to UFH,***” the reasons for using UFH
for anti-coagulation have changed and the instrument used
for analysis contributes to additional variability.*" The target
APTT range®® was later shown to correspond to 0.2-0.4iu/
mL heparin when measured using protamine titration assay
or heparin anti-FXa of 0.3-0.7iu/mL.* Laboratory studies
without assessment of clinical outcomes have shown that
establishing a target range for any particular APTT method
by reference to protamine titration assay>>>° or heparin anti-
FXa?**"*® compensates for the variable response of APTT
methods to heparin using samples from 30 to 60 patients. The
limitations of the APTT for UFH monitoring are many, and
even use of an APTT target range calibrated against heparin
anti-FXa failed to improve interlaboratory consensus as to
status of therapy (subtherapeutic, therapeutic or suprathera-
peutic) when three different APTT reagents were used in 44
UFH patients compared to uncalibrated APTT ranges.”
Any patient whose APTT is being considered for UFH
monitoring should have a baseline APTT performed prior to
commencement of UFH therapy. If the pre-treatment APTT
is prolonged or shortened, then the APTT is unsuitable for
monitoring UFH therapy for that patient. In these cases, a
heparin anti-FXa assay is a better option to monitor drug

34
response.
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ANTI-FXa FOR MONITORING UFH

UFH anti-FXa of 0.3-0.7iu/mL is generally accepted as
the UFH therapeutic range for treatment of VTE and other
indications requiring a treatment dose, as opposed to pro-
phylactic doses of anti-coagulation. This was derived from
a single, small, randomised trial in which VTE patients
requiring larger-than-average UFH doses (>35000 units/
day) were randomised to monitoring with APTT or UFH
anti-FXa using therapeutic ranges corresponding to 0.2—
0.4U/mL by protamine titration.”’ The UFH anti-FXa
range was 0.35-0.67iu/mL (later rounded to 0.3-0.7iu/
mL) using an assay without dextran sulphate (Stachrom
Heparin, Diagnostic Stago, France). The APTT group
received higher mean daily doses of UFH than the UFH
anti-FXa monitored group. Recurrent VTE within the first
12 weeks of therapy occurred in 3/65 and 4/66 in the hepa-
rin anti-FXa and APTT groups respectively. There were
four bleeding events in the APTT group and one in the
group monitored by UFH anti-FXa.

Calibration of the UFH anti-FXa assay should be with
a UFH calibrator traceable to international standards.
Commercial companies have developed combined (UFH/
LMWH) calibrators to produce a single-calibrated anti-FXa
assay. There is limited current peer-reviewed literature re-
garding comparability to separate curves, and these should
be locally validated against separate curves if adopted.®

Dextran sulphate is added to some reagents used for
heparin anti-FXa assays to disrupt binding of UFH to sev-
eral plasma proteins, which may occur in vivo or in vitro.
Reagents containing dextran sulphate may give higher re-
sults than those without it, at least when some of the hep-
arin is bound to proteins in the sample.’>*® This can lead
to overestimation of heparin anti-FXa activity in cardiac
surgery patients after heparin reversal by protamine.”’ On
the other hand, inclusion of dextran sulphate in anti-FXa
reagents protects against underestimation of the heparin
available in vivo because of in vitro binding of heparin to
PF4. A recent study using samples constructed by spiking
UFH into normal plasma suggested using dextran-free hep-
arin anti-FXa assays provided blood collection is performed
carefully and the first tube of blood is discarded to limit the
amount of PF4 produced artificially.*® Nevertheless, there
is currently no consensus on whether heparin anti-FXa as-
says with or without dextran sulphate should be selected for
monitoring of UFH. Although the presence or absence of
dextran sulphate impacts results of heparin anti-FXa assays
as discussed, in a UK NEQAS survey, the interlaboratory co-
efficient of variation (CV) for users of different heparin anti-
FXa assays (some with and some without dextran sulphate)
was approximately 10% for UFH samples in the therapeutic
range compared to 15%-25% for APTT results determined
with multiple reagents, making the heparin anti-FXa assay a
more attractive option.”® Furthermore, use of heparin anti-
FXa assays to monitor UFH achieved a faster time to ther-
apeutic range and fewer dose adjustments per 24-h period
compared to use of APTT in two studies.’*’ A retrospective
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cohort study of nearly 20000 patients concluded that cases
monitored by heparin anti-FXa were less likely to have a
transfusion than hospitalised patients monitored by APTT
after controlling for age, gender, other risk factors and in-
vasive procedures.*’ Despite these theoretical and reported
advantages of a heparin anti-FXa assay over APTT, a meta-
analysis of 10 studies with 6677 patients found that use of
APTT compared to heparin anti-FXa was not associated with
increased risk of bleeding (RR 1.03, 95% CI 0.8-1.22) or an
increased risk of thrombotic events (RR 0.99, 95% CI 0.76—
1.30).*? There were no differences in mortality in individ-
ual studies analysed, although the data were not considered
suitable for pooled analysis. Recently, it has been reported
that the heparin anti-Xa assay was the preferred method for
monitoring UFH used to treat a pulmonary embolus (PE) in
a study of 192 patients, identifying low incidence of recur-
rence or PE-associated mortality."> Overall, there are fewer
disadvantages related to a heparin anti-FXa assay compared
to APTT for monitoring UFH, and it is a better reflection
of a patient's response to UFH. However, there is no strong
evidence that clinical outcomes improve if heparin anti-FXa
is used instead of APTT for monitoring UFH.

Lack of availability of the heparin anti-FXa assay over a
24-h period at some centres still limits the transition away
from monitoring UFH with the APTT. Data provided by UK
NEQAS (personal communication, December 2023) showed
540 UK sites registered for heparin monitoring using the
APTT, with 125 (23%) registered for anti-FXa measurement
of UFH. However, the heparin anti-FXa assay should not
need to be performed as frequently as the APTT as it is less
prone to interference: in stable patients on UFH, once-daily
testing should be sufficient.

Recommendations

o Blood sampling for monitoring UFH should not use
tubes that are designed to be partially filled (1B).

o We suggest using a UFH-calibrated anti-FXa assay over
an APTT for monitoring UFH therapy with a therapeu-
tic range of 0.3-0.7 iu/mL (2B).

o If monitoring UFH in the absence of a heparin anti-FXa
assay, a locally validated APTT ratio (patient/mean nor-
mal APTT) equivalent to heparin anti-FXa activity of
0.3-0.7 iu/mL is suggested (2C).

o APTT should not be used for monitoring UFH if the
patient has an abnormal baseline APTT (prolonged
or shortened) immediately prior to commencement of
therapy (1C).

INDIRECT FACTOR Xa INHIBITORS
Low-molecular-weight heparins
The predictable pharmacokinetic profiles of LMWH mean

that when dosed according to their licence, plasma con-
centration monitoring is not usually required. LMWH has

reduced anti-thrombin-related anti-FIla activity relative
to anti-FXa activity, and therefore LMWH anti-FXa activ-
ity is preferred when monitoring is required. LMWH anti-
FXa activity is not well correlated with the risks of bleeding
or thrombosis and routine monitoring does not improve
clinical outcomes. The elimination of LMWH is primarily
through a non-saturable renal route; therefore, monitor-
ing LMWH anti-FXa activity could provide reassurance for
minimising the risk of bleeding in patients with severe renal
dysfunction.**

LMWH is the most used anti-coagulant during preg-
nancy. Pregnancy leads to physiological changes such as
weight gain, altered levels of clotting factors and increased
glomerular filtration rate. As these changes might be ex-
pected to affect safety and efficacy of anti-coagulation, many
studies have assessed whether LMWH anti-FXa monitoring
might improve clinical outcomes in pregnancy when LMWH
is used at either prophylactic or treatment doses. These are
summarised in a recent systematic review which concludes
that adjusting LMWH doses based on calibrated anti-FXa
activity does not reduce the risk of bleeding or thrombosis
compared with standard, weight-based dosing.*> There are
still some specific, high-risk situations when LMWH anti-
FXa monitoring is warranted, such as in pregnant women
with mechanical heart valves.*®

In children, particularly neonates and infants, the phar-
macokinetic profile of LMWH is different from adults.
Although there are limited data on whether LMWH anti-
FXa monitoring improves LMWH safety and efficacy, pae-
diatric guidelines support monitoring with age-dependant
dosing and different weight-based dosing regimens to those
for adults.”** As monitoring is now standard practice, clin-
ical trials assessing the benefit of monitoring are unlikely to
be feasible.

The effect of LMWH typically peaks around 3-4h fol-
lowing subcutaneous injection, following which an elim-
ination phase is entered.**>® The time after a dose when
samples for LMWH assay are drawn therefore matters, as
it is difficult to interpret the result without this informa-
tion. If bleeding risk is a concern, sampling at the trough
time point, just before the next dose, is the most informa-
tive, as this provides an indication of LMWH accumula-
tion. This is of particular relevance with renal impairment
when clearance may be reduced. Peak LMWH concentra-
tion monitoring may be more useful in situations where
there might be concerns about efficacy, for example, re-
current thrombosis while on treatment, but there are no
data to support an optimal target.

Different LMWHs vary in size and oligosaccharide com-
position resulting in subtle differences in some minor anti-
coagulant functions such as anti-FIla activity. However,
there is no good evidence that these differences are clinically
significant. As the key anti-FXa function is mediated by the
pentasaccharide sequence that is common to all LMWHs,
anti-FXa concentrations do not need to be specific for dif-
ferent LMW Hs.
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A recent systematic review and meta-analysis compar-
ing monitored versus unmonitored LMWH included six
studies and 1617 patients; 724 patients in the LMWH anti-
FXa monitored group and 893 patients in the unmonitored
group. There was no significant difference in the incidence
of bleeding events between the two groups, but the LMWH
anti-FXa monitored group had a lower incidence of VTE
(OR 0.44, 95% CI 0.29-0.68, p=0.0002). Subgroup analysis
showed that the incidence of VTE in the LMWH anti-FXa
monitoring group was lower than that in the control group
when the trough level was monitored (OR 0.40, 95% CI
0.25-0.63, p<0.0001), while there was no significant differ-
ence between the two groups when the peak level was moni-
tored.”’ While this work suggests that monitoring of trough
levels can be correlated with thrombosis risk, other studies
have not confirmed this. A range for LMWH anti-FXa ac-
tivity that correlates with bleeding or thrombosis risk has
not been established, therefore as previously mentioned ‘ex-
pected range’ is a more appropriate term.

When LMWH anti-FXa activity is measured, it should be
calibrated using a chromogenic method with an LMWH cal-
ibrator, unless a combined UFH/LMWH calibration curve
has been locally verified for use as described above. Target
LMWH anti-FXa activity levels have not been clinically val-
idated, and there is no standardised method for adjusting
doses based on LMWH anti-FXa activity.>*** Furthermore,
results vary depending on reagents and analyser as demon-
strated by CV >15% in external quality assurance surveys.’®>®
Although target ranges have been suggested by other BSH
guidelines,*®"’ the evidence in specific clinical situations is
limited and these should be considered as guides for labora-
tories and clinicians.

LMWH has minimal effect on the prothrombin time
(PT), probably due to the addition of heparin neutralisers
to commercial reagents; however, very high levels of
LMWH may still cause prolongation. The APTT can be
slightly prolonged with LMWH in a dose-dependent man-
ner, depending on the LMWH and the reagent used.”
At therapeutic concentrations, LMWH would not be ex-
pected to prolong the thrombin time (TT), depending on
the LMWH and reagent used, but can impact lupus anti-
coagulant screening.” Interference in lupus anti-coagulant
testing should be considered even when using reagents with
heparin neutralisers (Table 3). Patients should be taken off
anti-coagulation or just before the next dose of LMWH to
minimise these effects, if clinically appropriate.®®

Endogenous thrombin potential (ETP) in TGA shows a
negative exponential dose-response to increasing doses of
LMWH with a suggestion that differences exist between
LMWH preparations.57’58 Viscoelastic haemostatic assays
(VHA) will be affected by LMWH in a dose-dependent
manner, with the suggestion that tinzaparin has more im-
pact at equivalent heparin anti-FXa activity relative to other
LMWHs.” As LMWH monitoring is not routinely required,
the clinical utility of TGA and VHA are usually reserved for
the research setting.

BRITISH JOURNAL OF HAEMATOLOGY

Recommendations

o We recommend against routine laboratory monitoring
of LMWH although examples of circumstances when it
might be useful are given in Table 2 (1B)

e Routine LMWH anti-FXa monitoring during preg-
nancy is not required except in high-risk cases on mod-
ified dosing regimens such as those used for managing
mechanical heart valves in pregnancy (1B).

o In neonates and children receiving LMWH, we sug-
gest monitoring peak LMWH anti-FXa, aiming for
0.5-1.0iu/mL, in a sample taken 4 h after subcutaneous
injection once steady state has been achieved after ad-
ministration of at least three doses (2C).

Fondaparinux

The synthetic pentasaccharide, fondaparinux, is pre-
scribed as an alternative when LMWH is not tolerated or
is relatively contraindicated. It exhibits predictable phar-
macokinetics and means that monitoring is not usually re-
quired, except in situations like those discussed previously
(Table 2).

When fondaparinux anti-FXa activity is measured, it
should be calibrated using a chromogenic method with
fondaparinux calibrators and results reported in pg/mL or
mg/L. The use of LMWH as the reference preparation for de-
termining the measured anti-FXa activity of fondaparinux is
problematic and should not be used.®*~**

A therapeutic fondaparinux range has not been estab-
lished, but when given as a 2.5mg daily dose, the mean
peak steady-state plasma concentration is 0.39-0.50mg/L,
3h post-dose. For patients of average body weight receiving
7.5mg daily, the mean peak steady-state plasma concentra-
tion is 1.20-1.26 mg/L 3 h post-dose.”

In a study of laboratories participating in the College
of American Pathologists Comprehensive Coagulation
Proficiency Survey (n=898), samples with different con-
centrations of fondaparinux (0, 0.4, 0.8 and 2.0 pg/mL) were
distributed: prophylactic or treatment dose fondaparinux
prolonged the PT by approximately 1s and the APTT by
4 to 5s and reduced measured FVIII levels. Fondaparinux
concentrations above the expected range reduced measured
FVIII from 119iu/dL to 85iu/dL. The APTT was prolonged
in 19%, 29% and 52% of laboratories with prophylactic,
treatment and above-expected-range fondaparinux levels
respectively. Fibrinogen, anti-thrombin and TT assays did
not show clinically significant changes.®

Thrombin generation assays will be affected by
fondaparinux in a dose-dependent manner, although
in vitro studies suggest the impact is less than with
LMWH.®* Small in vitro studies report no impact of
fondaparinux on VHA in the expected range, but with sig-
nificant effects at fondaparinux concentrations above the
expected range.”
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Recommendations

o We recommend against routine laboratory monitoring
of fondaparinux (1B).

o If measuring for one of the reasons listed in Table 2, an
anti-FXa assay calibrated with a drug-specific standard
should be used (1B).

o LMWH calibrators should not be used to report heparin
equivalent units of fondaparinux (1B).

Danaparoid

Danaparoid acts as an anti-coagulant primarily by catalys-
ing anti-FXa activity in an anti-thrombin-dependent fash-
ion. It is usually reserved for patients who have developed
heparin-induced thrombocytopenia (HIT) or are unable to
receive LMWH for another reason. Renal excretion is the
main route of elimination of danaparoid, accounting for
40% to 50% of its total plasma clearance after intravenous
administration.® There is no evidence of metabolism by
the liver.°>® Based on danaparoid anti-FXa activity, it has a
half-life of approximately 25h.”’

Monitoring of danaparoid anti-FXa activity is not rou-
tinely recommended. When danaparoid anti-FXa activity
is measured, it should be calibrated using a chromogenic
method with danaparoid calibrators. The expected da-
naparoid anti-FXa activity for patients prescribed 750iu
bd by subcutaneous injection is 0.2-0.4iu/mL (6 h post-
dose), and, for patients prescribed intravenous (IV)
therapy, 0.5-0.7iu/mL (5 to 10 min after an IV bolus of
2500-3750iu) or 0.5-0.8iu/mL (during 150-200iu/h
infusion).®’

Danaparoid is not expected to prolong the PT, but in vitro
work suggests that it could prolong the APTT and this may
influence the results of APTT assays for lupus anti-coagulant
(LA) at danaparoid anti-FXa activity above 0.6iu/mL.">*®
Dilute Russell's Viper Venom Time (DRVVT) assays are af-
fected at levels above the expected range, and ACP does not
neutralise danaparoid anti-FXa activity in plasma.’” If un-
avoidable, samples for LA testing should be drawn just be-
fore the next dose of danaparoid to minimise any chance of
interference.

Danaparoid is expected to impact the parameters of TGA,
in a dose-dependent manner.®®>*

Recommendations

o We recommend against routine monitoring of danap-
aroid (1B).

o If measuring for one of the reasons listed in Table 2, an
anti-FXa assay calibrated with a drug-specific standard
should be used (1B).

o« LMWH calibrators should not be used to report heparin
equivalent units of danaparoid (1B).

ORAL AND PARENTERAL DIRECT
THROMBIN INHIBITORS

Dabigatran

Dabigatran levels can be measured using a suitably cali-
brated dilute thrombin time (dTT), ecarin clotting time
(ECT), ecarin chromogenic assay (ECA) or chromogenic
anti-Flla (C-Ila) assay.”’ Routine monitoring of dabigatran
is not required, as there are limited data correlating low or
high levels on clinical outcomes, and expected dabigatran
concentrations are described with considerable varia-
tion.”””* Projected steady-state trough concentrations are
largely comparable for children and adults.”

Measuring dabigatran may be useful in patients with se-
vere renal disease or with moderate or severe liver disease:
a higher-than-expected level may suggest that an alterna-
tive anti-coagulant be used.”””® In patients requiring urgent
surgery, being considered for thrombolysis following an
acute ischaemic event, or with serious bleeding, an urgent
dabigatran level may be required. A level >50 ng/mL may
be used to justify the use of a reversal agent in patients with
serious bleeding, and a level of <30 ng/mL is considered safe
for those requiring surgery or thrombolysis.”””® If a quanti-
tative assay cannot be obtained quickly, screening tests can
be used.”

The sensitivity of the PT to dabigatran varies by the
reagent used, with a PT ratio ranging from 1.31 to 1.88
at a concentration of 200ng/mL.”° The PT was normal
(from a variety of manufacturers) in 29% of patients on
150 mg bd dabigatran in samples collected 2 to 3h after
dosing.”

The APTT rises rapidly in the presence of dabigatran, but
the relationship is not linear in adults or children®*®; the
APTT is relatively insensitive to changes in dabigatran con-
centration within the expected range and plateaus at higher
levels.®"#2

In the REVERSE-AD trial, 88/461 (19%) of patients with
detectable dabigatran by ECT had a normal APTT, but all
had a raised TT. The TT is exquisitely sensitive to dabiga-
tran, up to 15x normal within the expected range®**** and
even levels below 30 ng/mL usually lead to TT prolongation”
(Table 3). After reversal with idarucizumab, TT and APTT
may normalise, but rebound prolongation may be seen
12-24h later.**

Recommendations

o We recommend against routine monitoring of dabiga-
tran (1B)

o If measuring is required, we suggest dTT, ECT, ECA or
C-IIa calibrated for dabigatran (2B).

o If such an assay is not available, a TT can be performed
to exclude the presence of dabigatran, even if the PT and
APTT are normal (2B).

85U8017 SUOWWOD dAFeR.D dedt|dde 8y} Aq peusenob are sl YO @SN JO S3|NJ 1oy Akeiq 1 8UIIUO AB]IM UO (SUORIPUOD-PUR-SUIBYW0D" A3 1M ARe.q 1 eul|uo//SARY) SUORIPUOD Pue SWB | 84} 88S *[1202/60/€0] U0 A%eiqiT 8ulluO AB|1IM BuIDBURILO0D A 6226T UlG/TTTT 0T/I0p/W00 8| 1M Atelq|eul|uo//Sdny woj papeojumoq ‘0 ‘THTZS9ET



BAKERET AL.

BJHaem

Argatroban

Argatroban is a small-molecule direct thrombin inhibitor
requiring no co-factor to bind reversibly to free and clot-
bound thrombin.** The summary of product characteristics
(SmPC) for argatroban® recommends a target of 1.5-3.0
times the baseline APTT, not exceeding 100s. This was
based on a clinical trial which compared argatroban with
historical controls in HIT.*” Interpretation of the APTT re-
sults in this trial is complicated by the fact that patients with
prolonged APTTs at baseline could be included unless their
baseline APTT was >2 times control. This predicts that an
APTT within 1.5-3.0 times baseline could occur at subther-
apeutic argatroban levels, which is a limitation of using the
APTT for monitoring purposes. Different APTT reagents
and different analysers also show varying sensitivity to ar-
gatroban,®® and 100s equates to an APTT ratio of <3.0 if the
baseline APTT is >33 s regardless of the reagent used.® The
APTT plateaus at high concentrations of argatroban and is
influenced by high factor VIII and lupus anti-coagulants,
leading many publications to highlight the unsuitability of
using the PT or APTT for monitoring.***° Overall, evidence
to support use of an APTT with a target of 1.5-3.0x baseline
to monitor argatroban is weak.

Daily measurement of argatroban levels using a suitably
calibrated dTT, ECT, ECA or C-Ila assay overcomes many
of the limitations of the APTT. However, there is still un-
certainty over the therapeutic range, since most studies use
the APTT as a guide.*****” Some outcome-based evidence
to support use of argatroban concentration over APTT for
monitoring came from a single-centre retrospective study of
143 patients which compared C-Ila assay (target 0.4-1.2 ug/
mL, n=75) with APTT (target 50-80s, n=68).”® The study
showed a reduction in argatroban requirement by approx-
imately 67% when concentration was used rather than an
APTT, without an increase in thrombosis and no difference
in the incidence of bleeding.

Argatroban prolongs the PT, and this needs to be ac-
counted for when switching anti-coagulation to warfarin
(Table 3). A higher target international normalised ratio
(INR) is described in the SmPC, which suggests that arga-
troban can be stopped when the INR reaches 4.0 on com-
bined therapy; this assumes that the INR is a result of the
combined anti-coagulants, so the INR should be repeated
4-6h after argatroban is ceased (argatroban half-life being
45min) to ensure that the INR is within the therapeutic tar-
get for warfarin.*¢ ACP may be of use in these situations,
although reversal of argatroban may not be complete in all
patients.”®'%° Further evaluation is required before this ap-
proach can be recommended.

Recommendations

o When monitoring, we suggest dT'T, ECT, ECA or C-IIa
calibrated for argatroban, daily (2B).

o If monitoring argatroban in the absence of an anti-FIIa
assay, an APTT ratio (patient/mean normal APTT) of
1.5-3.0, 2 h after initiation is suggested (2B).

BRITISH JOURNAL OF HAEMATOLOGY

Bivalirudin

Bivalirudin is a bivalent hirudin analogue binding simultane-
ously to the thrombin active catalytic site and its fibrinogen
biding site with high affinity.'” The SmPC for bivalirudin
states that the ACT should be used to confirm a response to bi-
valirudin, but no further laboratory monitoring is required.*>

Bivalirudin prolongs the PT, and this needs to be ac-
counted for when switching anti-coagulation to warfarin'®®
(Table 3). No target INR is described in the SmPC, but INR
monitoring should be considered once treatment with bi-
valirudin has ceased bearing in mind the half-life of approx-
imately 25 min with normal renal function.

There is no clinical indication for the measurement of bi-
valirudin, but a suitably calibrated dTT, ECT, ECA or C-Ila
assay could be used.

Recommendations

o We recommend against routine monitoring of bivaliru-
din (1B)

o If measuring is required, we suggest dTT, ECT, ECA or
C-IIa calibrated for bivalirudin (2B).

Effects of dabigatran, argatroban and
bivalirudin on measuring fibrinogen

In patients on thrombin inhibitors, some Clauss fibrinogen
assays show marked underestimation if reagents contain low
levels of thrombin (e.g. Werfen Fib-C) or where plasma dilu-
tion is low (Siemens Multifibren U).1**!%° These underesti-
mations may cause a pause in anti-coagulation or fibrinogen
replacement to be considered, therefore laboratories should
consider their choice of reagents for Clauss fibrinogen and/
or their reporting of Clauss fibrinogen results in patients on
oral or parenteral thrombin inhibitors. Derived fibrinogen
assays should not be considered as an alternative."
Recommendation

o We recommend using a Clauss fibrinogen assay with a
high thrombin concentration reagent (e.g. 100iu/mL) in
the presence of thrombin inhibitors (1B).

DIRECT FACTOR Xa INHIBITORS

Since the last guideline in 2014, edoxaban has been added to
rivaroxaban and apixaban as a licensed direct FXal in the
UK. In a similar timeframe, betrixaban was developed but
was not granted a licence in the UK, and has been subse-
quently discontinued.'®® Given the wider therapeutic index
of the FXal, monitoring of their effects and dose titration
is not routinely advised. However, due to uncertainty sur-
rounding certain patient cohorts not represented in the tri-
als, previous BSH guidelines made recommendations for
testing in specific settings.
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As part of the ENGAGE atrial fibrillation (AF)-TIMI trial 5 = ]
comparing edoxaban to warfarin in AF patients, trough ; S = §-
plasma concentration was measured 1 month into the trial g 2% 7|3
in a subset of patients and the outcomes followed. The work § = g o = i
conducted was based on probability analyses and suggested F> 8 & 2 s
a relationship between trough edoxaban concentration and g £
stroke/systemic embolism and bleeding events.'"” = I~ g
A pharmacokinetic analysis of 2392 patients enrolled in = : S o E
the Averroes study measured trough apixaban concentra- 2 %E B 47 g
tion after 3 months of treatment. The mean trough concen- _§ E z ED ":l’; 52 P
tration for those patients receiving 2.5 mg bd was reportedly @las S = «f g
99ng/mL (IQR 60-146 ng/mL), while the 5mg bd group was ::E
125ng/mL (IQR 64-202ng/mL). The trial was not suffi- E %
ciently powered to detect an association between apixaban = _ 5
concentration and outcomes due to low event rates. However, 2 § N §
post hoc analysis suggests that patients in the lowest decile E = g\; g ; g
of levels had a significantly greater risk of stroke than those S Faoo|® =2
with higher levels.!®® An association between bleeding and Bow = o g 5‘3 E
apixaban level was also reported. = g é
The availability of the anti-FXa assay is useful in some clin- g SE £
ical situations (Table 2). There are limited real-world studies g ~ = g § %
evaluating FIlal and FXal concentrations and outcomes, and - g 8 o § 5 5
these do not provide definitive evidence for the role of mon- g sl = %D g F 35
itoring. The START laboratory registry comprised data on 2 E- § g E TS °§ < % :
565 consecutive patients with AF. Analysis of this showed a § £ 2
link between lower FIIal and FXal trough concentrations _g = = 53 E
and thromboembolic events. Only 10 patients (1.8%) had a E E .1 Z% e
thromboembolic event, and these were associated with high g £ ° 2 7 £ g é
CHA,DS,-VASc scores.'”’ A study in Japan recruited consec- 2 § = E S ﬂ; =22
utive patients with acute ischaemic stroke or transient isch- ;‘3‘* B gé‘) el
aemic attack (TTA), started on rivaroxaban or apixaban for El £ )
AF between 2012 and 2017.'° Peak and trough levels were ﬁ .§ _ g z2 'g
measured after 48h of treatment and patients were followed < 5|8 I - é- g 5
for a median of 360days. Patients with bleeding events on ri- E 5| & '5‘ 3 = 22 E
varoxaban (13/156) had higher anti-FXa peak levels than those = = 5 2 = =2 g‘ 8
without, although levels were still within the expected range. S 2182 s 2% & 2 E
Those with bleeding on apixaban (11/156) had higher trough & _ £ £
and peak levels than those without bleeding. In another study _‘E ) - £gE
of 212 patients on FIIal and FXal, levels were measured in the g £ = E & < g g
83% with bleeding or thrombosis. Of these, 72% had concen- g g o B S 8| 2% E
trations in the expected range. Higher concentrations were i =5 2R 3 gg §
seen in older patients, those with impaired renal function or g g2 ]
lower body mass index.""! The study concluded that although g‘“ E % % £
there was no clear benefit from FIIal and FXal measurements, —‘é’ ;E _ % = &
this was useful in certain circumstances. The International €l B 2 o] 2 g £
Council for Standardisation in Haematology (ICSH) pub- & § % X 22
lished guidance on the laboratory assessment of FIlal and 5 fé’ 3 E E § ;5 % i ;T
FXal which included a table of expected peak and trough con- & Al&dz %5 3| 28 E
centrations in AF and VTE patients,” reproduced in Table 4. i:: “Z < g
2 E | EELEE G
IMPACT ON ROUTINE g EEEER R
COAGULATION ASSAYS e El 2 gg =g _§§ &
Variable prolongation of the PT and APTT can be seen = EN . ‘;3) % E Q £388% & ¢
with the different FXal, thought to be associated with the i = g 5‘ E 5 R _;: §557%3%
= = 232222 s 2

composition of the reagents (activators and phospholipids)
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and analyser combination (Table 3). In general, FXal have
a greater impact on PT-based assays than on APTT assays;
some PT reagents are insensitive to apixaban even at levels
above the expected range. In the UK, many routine laborato-
ries have similar reagent sources and although the relation-
ship between PT and FXal activity has been demonstrated
as being mainly linear, monitoring using the PT and APTT
is not recommended as values can still be within normal
reference ranges even when FXal can be detected by other
techniques.'* ™"

ANTI-FXa FOR MEASURING FXal

When FXal anti-FXa activity is measured, it should be
calibrated using a chromogenic method with drug-specific
calibrators. The lower limit of quantitation (LLoQ) for meas-
urement of FXal by anti-FXa assay varies by reagent, analyser
and drug, and should be verified locally. These standard as-
says are adequate for covering therapeutic fixed-dose ranges
for all the FXal and can be used as a guide when considering
patient eligibility for andexanet reversal if the LLoQ is below
50ng/mL. A lower LLoQ can be achieved if low-range proto-
cols and low-range calibrator/control sets are used.'”

Some reports have suggested caution when transitioning
between FXal and other anti-coagulants. For a period, there
may be a cumulative effect. Under these circumstances, it
has been recommended to test more frequently,''® although
interpretation should be cautious, especially if transitioning
between drugs with anti-Xa activity, as no assays can be used
to distinguish between them.

LABORATORY ASSESSMENT
OF DIRECT FXa INHIBITOR
REVERSAL AGENTS

Four-factor prothrombin complex concentrate has been the
main agent in the UK for the reversal of major bleeding asso-
ciated with FXal despite not being licensed for this purpose.
Laboratory manifestations of its use are likely to be correc-
tion of PT, APTT and global haemostasis assays (associated
with its composition of factors II, VII, IX and X), although
FXal anti-FXa activity may not be affected.

The human recombinant FXa agent, andexanet alfa, is an
option in the UK for reversal of apixaban and rivaroxaban
(but not edoxaban) in life-threatening and uncontrolled
gastro-intestinal bleeding.'”” The Department of Health and
Social Care published a Prevention of Future Deaths report
in 2020 regarding the lack of an effective antidote for the
reversal of edoxaban when bleeding occurs.'® Reports have
shown that the FXal-calibrated anti-FXa assays can be used
as part of the screening process to identify eligible patients.
However, FXal activity can persist below the LLoQ of these
assays, and results may not be available rapidly enough in an
emergency. Furthermore, dissociated antidote may allow for
FXal anti-FXa activity to be overestimated, possibly leading
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to perceived failure of the reversal process."'”'?’ Alternative
small-molecule antidotes are in development, some of which
are based on modified molecules to compete in a similar
manner to andexanet. Others have a wider anti-FIIa and/or
anti-FXa effect providing a global antidote.'*'™*

OTHER ASSAYS FOR
MEASURING FXal

Thrombin generation

TGA have been widely reported for use in measuring the im-
pact of FXal. A recent review identified 129 full-text articles
on the use of TGA in the monitoring of DOACs in several
clinical scenarios.'” Overall, FXal concentrations corre-
lated with both pharmacokinetic and quantitative parame-
ters although some studies could not demonstrate statistical
significance between FXal levels and ETP."* TGA have been
reported in several cases to be normalised completely in the
presence of the specific reversal agent andexanet. During
its use, several parameters including ETP have been shown
to rebound to above-normal levels raising concerns about a
prothrombotic effect caused by binding to TEPL'*’

Overall ETP appeared to be the single most studied pa-
rameter for measuring the effect of DOACs and potentially
its reversal, but it is less clear whether normalisation of a sin-
gle parameter is predictive of bleeding risk in all cases.'*>'*®

Liquid chromatography-Tandem mass
spectrometry

Liquid chromatography coupled with tandem mass spec-
trometry is an analytical chemistry technique suited to
separation of complex mixtures of compounds and their
metabolites. It is possible to separate out multiple anti-
coagulants in the same assay run (within minutes) across a
wide range of concentrations. It is seen as the gold standard
for quantifying FXal anti-FXa activity, but its limited avail-
ability in NHS laboratories makes it unsuitable for routine

use.8

Viscoelastic haemostatic assays

VHA have been reported to successfully measure both FIIal
and FXal activity with specific FIla- and FXa-based chan-
nels.'”® Currently, there are limited convincing data on the
impact of FXal on VHA, although newer devices and dedi-
cated cartridges are under review.***!

Point-of-care assays

The use of point-of-care INR devices to exclude the pres-
ence of rivaroxaban and edoxaban (<30ng/mL) has been
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described using the Hemochron® Signature PT/INR car-
tridge and the Roche Coaguchek® INR test strip."**"** These
assays show similar limitations in specificity as laboratory
PT-based assays to FXal and should be interpreted accord-
ingly. DOAC levels can also be measured using a urine
dipstick test, appearing approximately 1h after plasma con-
centrations, showing good comparability to FXal anti-FXa
assays.”” This provides another option for excluding or dif-
ferentiating between dabigatran and FXal in an emergency.
Reports have suggested that the test can confirm levels of
>30ng/mL and can be used with a reader to prevent urine
colour interference."**"*
Recommendations

o We recommend against routine monitoring of FXal
(1B).

o PT- and APTT-based assays should not be used to mea-
sure FXal levels (1B).

o When measuring rivaroxaban, apixaban or edoxaban,
anti-FXa assays with separate traceable calibrators and
controls should be used for each drug (1B).

o Anti-FXa assays using LMWH calibrators should not be
used to report heparin equivalent units of FXal (1B).

o Anti-FXa assays should not be used to assess the effec-
tiveness of DOAC reversal agents (1B).

IMPACT OF FXal ON OTHER
HAEMOSTATIC INVESTIGATIONS

FXal can have an impact on specific factor assays whether
using one-stage PT, one-stage APTT or chromogenic assays
to varying extents. This can be ameliorated by performing
assays at higher dilutions if non-parallelism is seen.'*®'*
Thrombophilia testing is also affected (Table 3) with pro-
longed clot-based protein C (PC) and protein S assays po-
tentially overestimating levels and artefactually indicating
activated PC resistance. Prolongation of the DRVVT assays
used for lupus anti-coagulant testing is likely even with low
levels of FXal. Anti-thrombin will be overestimated in as-
says based on FXa-inhibition."*" Thrombin-induced plate-
let aggregation studies are also affected in the presence of
all FXal."*"'** However, fibrinolysis appears more complex
with conflicting reports as to the impact of FXal (compared
to the confirmed impact of FIIal)."*>'*

REDUCING ADVERSE EVENTS IN
PATIENTS ON ANTI-COAGULATION

Laboratory clinicians and scientists should have a clear un-
derstanding of the effects of anti-coagulants on their haemo-
stasis tests so that they may properly advise clinicians who
request tests and adjust doses of anti-coagulants. This will
improve patient care and avoid unnecessary tests or inter-
ventions. For instance, normal coagulation tests in a patient

taking a DOAC should not be interpreted as indicating a lack
of anti-coagulant effect and prolongations may not need fur-
ther investigation if correctly attributed. Adverse events in-
clude interactions with other drugs. For example, inhibitors
of P-glycoprotein or the cytochrome P450 pathway may in-
crease the concentration of DOACs, while inducers can have
the opposite effect.

Some of the anti-coagulants discussed have relatively
narrow therapeutic indices. As they are often used in acutely
unwell patients, the potential for harm through under- or
overdosing is high. Critical laboratory results are those
that are life-threatening and require immediate action. The
ICSH includes tests used for monitoring anti-coagulation
among these."*” Most adverse events associated with anti-
coagulation are potentially preventable medication errors."*®
Inadequate monitoring or failure to act on a laboratory
result is frequent cause of errors, including fatality, when
using UFH. Complex dosing protocols and difficulties in
interpreting results have been identified as causes of errors
in investigations by NHS patient safety organisations (di-
rect communication to BSH). When monitoring an anti-
coagulant, it is essential that the correct anti-coagulant
is identified in the request to the laboratory. This enables
the correct standard to be used and the result reported
in a way that makes it clear that it is specific to that drug.
Unfortunately, requests received in the laboratory some-
times do not identify the drug correctly or give any indi-
cation that the patient is on an anti-coagulant. Electronic
requesting systems reduce the chance of this occurring by
making specification of the anti-coagulant a compulsory
field. Laboratories vary in how over-anticoagulated samples
are reported, causing difficulties for frontline healthcare
staff moving between NHS organisations. As this is a con-
sequence of varying reagent sensitivity, it is most effectively
mitigated by improving local training of clinical and labo-
ratory staff.
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APPENDIX A

Al | Search criteria

Meta-analysis, randomised controlled trial, clinical
trial + review, systematic review (2014 onwards) (Direct
thrombin inhibitors OR DTI OR Direct Xa inhibitors OR
Apixaban OR Argatroban OR Bivalirudin OR Dabigatran
OR Fondaparinux OR Rivaroxaban OR Tinzaparin OR
Enoxaparin OR Dalteparin OR Danaparoid OR Edoxaban
OR Low molecular weight heparin OR LMWH OR
Unfractionated heparin OR UFH) AND (Measurement
OR Monitor/Monitoring) AND (Coagulation assays OR
Haemostasis assays OR Laboratory).
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