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Abstract Nowadays, unfractionated heparin (UFH) use is limited to selected patient groups at
high risk of both bleeding and thrombosis (patients in cardiac surgery, in intensive care
unit, and patients with severe renal impairment), rendering its management extremely
challenging, with many unresolved questions despite decades of use.

In this narrative review, we revisit the fundamental concepts of therapeutic anti-
coagulation with UFH and address five key points, summarizing controversies underly-
ing the use of UFH and discussing the few recent advances in the field: (1) laboratory
tests for UFH monitoring have significant limitations; (2) therapeutic ranges are not
well grounded; (3) the actual influence of antithrombin levels on UFH’s anticoagulant
activity is not well established; (4) the concept of UFH resistance lacks supporting data;
(5) scarce data are available on UFH use beyond acute venous thromboembolism.
We therefore identified key issues to be appropriately addressed in future clinical
research: (1) while anti-Xa assays are often considered as the preferred option, we call
for a vigorous action to improve understanding of the differences between types of
anti-Xa assays and to solve the issue of the usefulness of added dextran; (2) therapeutic
ranges for UFH, which were defined decades ago using reagents no longer available,
have not been properly validated and need to be confirmed or reestablished; (3) UFH
dose adjustment nomograms require full validation.
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Introduction

Unfractionated heparin (UFH) has been used in humans since
the 1930s. Therapeutic doses are required to treat acute
thromboembolic events to prevent an increase in the throm-
botic burden and to facilitate endogenous thrombolysis.'* It
was considered that such doses should induce a hypocoagu-
lable state detectable by a laboratory clotting time, i.e., the
activated partial thromboplastin time (aPTT)—the so-called
anticoagulation effect.3

Nowadays, with the advent of low molecular weight
heparin (LMWH) and rapidly acting oral anticoagulants,
UFH use for the management of acute venous or arterial
thrombosis, or for the prevention of thrombotic events in
settings with high risk of events, is limited to selected patient
groups: patients in cardiac surgery, in intensive care unit,
and patients with severe renal impairment. Patients exposed
to those conditions often suffer from inflammation and have
a hypercoagulable state, characterized by the presence of
circulating coagulation activators and/or a hyperresponsive
coagulation system, leading to excessive thrombin genera-
tion (TG) and/or increased fibrin mass.*> Since they are often
at high risk of bleeding as well, their management is highly
challenging.

Heparin, a linear glycosaminoglycan defined by the nature
of its basic disaccharide unit, is a heterogeneous mixture of
negatively charged (sulfated) chains of different lengths.

The beneficial clinical effects of UFH are foremost ascribed
to anticoagulation, mediated by chains that interact with
high affinity with antithrombin (AT), thanks to a peculiar
pentasaccharide present only in about one-third of chains.
The inhibitory effect of AT on activated serine-proteinases,
such as Ila, Xa, and others, is accelerated by heparin.? A
minimal chain length (>18 saccharides units including the
pentasaccharide sequence; >5,400 Da) is required for accel-
eration of the inhibition of thrombin (Ila) by AT.2%7 The
respective intensities and roles of the inhibition of the
different serine-proteinases are still debated; thrombin be-
ing the most sensitive to inhibition by approximately an
order of magnitude.” While the labeling of UFH in Interna-
tional Units (IU) suggests standardization, UFH preparations
may differ in terms of bulk material and proportion of chain
lengths. The half-life of UFH is dose-dependent, ranging from
60 to 90 minutes at usual intravenous (IV) doses.?

The lengths of the chains determine their ability to
interact with many proteins, the so-called interactome;
such interactions divert heparin from interacting with AT
and are the molecular basis of its pleiotropic effects.*>-%-10
Interactions with many proteins and cells of the human body
result in complicated UFH pharmacokinetics (PK) and phar-
macodynamics and explain the large inter- and intraindivid-
ual variability in response to UFH.” Hence, laboratory
monitoring of therapeutic UFH is advocated with repeated
laboratory testing to assess the anticoagulant response to
UFH and adjust the dose, i.e., laboratory monitoring.®

For the purposes of this manuscript, the term “therapeu-
tic dose” refers to doses used for treatment of acute venous
thromboembolism (VTE), with the accompanying term
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“therapeutic range.” Therapeutic-intensity UFH is also used
to prevent clotting on the foreign surface of mechanical heart
valves, circulatory assist devices (extracorporeal membrane
oxygenation [ECMO]), or extracorporeal circuits.”"12 We
define the “anticoagulant effect” as either the prolongation
of a clotting time (aPTT) or the inhibitory effect on an
activated coagulation serine-proteinase, such as factors Ila
or Xa. With the term laboratory tests, we refer to aPTT and
anti-Xa assay, unless otherwise specified.

In this narrative review, we revisit crucial fundamental
concepts, which must be fully considered when thinking over
the still unresolved questions regarding UFH therapy and
especially laboratory monitoring (~Fig. 1). We expand upon
and complement some issues previously addressed by
others.>®1371 We propose key issues to be appropriately
addressed in future clinical research.

Laboratory Tests for Unfractionated Heparin
Monitoring have Significant Limitations
(Key Point #1)

First, the pleiotropic effects of UFH, which may have clinical
relevance, are not investigated with aPTT and anti-Xa. The
effects of UFH heavily rely on, but are not restricted to,
anticoagulation mediated by AT. The antithrombotic proper-
ties of UFH could also be supported by several AT-indepen-
dent mechanisms, such as the catalysis of thrombin
inhibition by heparin cofactor II (HCII) and the mobilization
of endogenous tissue factor pathway inhibitor from the
endothelium.””'” Non AT-mediated effects may impact the
hemostatic system and beyond, being either beneficial
(“anti-inflammatory,”  “antiproliferative,” “antiadhesive
effects”...) or harmful.*'%17.'8 However, the exact molecular
mechanisms that mediate those effects of heparin remain
poorly understood.'? More specifically, regarding the inter-
actions of UFH with platelets, a “proaggregatory” effect has
been widely proposed, but impairment of collagen-induced
aggregation and of adhesion to collagen has also been
reported.’®2% In addition, since heparins have an inhibitory
effect on thrombin, they inhibit thrombin-induced platelet
activation.?'

Second, coagulation tests are performed with platelet-
poor plasma and hence miss the role of platelets in coagula-
tion. Platelets contain platelet factor 4 (PF4), a heparin-
inhibiting protein, in their a-granules. PF4 can be released
into plasma in the collected blood before testing and there-
fore reduce the anticoagulant effect of UFH, which is a cause
of underestimation. One method to prevent ex vivo platelet
activation and release of heparin neutralization proteins is to
collect blood into tubes containing a mixture of citrate and
the platelet inhibitory cocktail of theophylline-adenosine-
dipyridamole (CTAD solution) instead of citrate alone.?>~*
However, the extent to which this mixture limits platelet
activation, PF4 release, and heparin neutralization, remains
unclear. In some studies, only small differences in anti-Xa
levels, between samples collected in CTAD versus citrate
tubes, 24726 were reported, whereas in the DEXHEP study,
higher levels from +8 and up to +24% were found, depending
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© Laboratory tests for UFH monitoring have significant limitations

© Therapeutic ranges are not well-grounded

© The actual influence of antithrombin levels on UFH's anticoagulant activity is not well established

O The concept of UFH resistance lacks supporting data

© Scarce data are available on UFH use beyond acute VTE

Future research

© Study differences between types of anti-Xa assays especially the usefulness of added dextran

© Confirm or re-establish therapeutic ranges for UFH

© Validation of UFH dose adjustment nomograms

Fig. 1 Pleiotropic effects of UFH and laboratory tests for its monitoring in platelet-poor plasma and whole blood. Abbreviations: ACT, activated
clotting time; aPTT, activated partial thromboplastin time; AT, antithrombin; AC, anticoagulant; PF4, platelet factor 4; UFH, unfractionated

heparin; VET, viscoelastometric tests.

on the clinical setting.?’ Thus, for some blood samples, PF4
release in the collecting tube could be a problem. Double
centrifugation minimizes PF4 availability after thawing fro-
zen plasma samples, since it results in a smaller number of
residual platelets but may increase PF4 release during the
process of plasma preparation, especially when high speed is
used.?82%

During the course of coagulation, the first tiny amounts of
thrombin potently activate platelets, before any change in the
physical properties of plasma is detected. Once activated,
platelets support coagulation by providing a suitable surface

enriched in negatively charged phosphatidylserine, for
the assembly of the intrinsic tenase and prothrombinase
complexes, responsible for the thrombin burst. Coagulation
tests are performed with procoagulant phospholipid vesicles
of various natural origins, which form the “partial thrombo-
plastin” portion of aPTT reagents. Their nature, which is often
proprietary and therefore undisclosed, is complex and differs
between reagents. They are a poor substitute for activated
platelets and their role in coagulation, which extends well
beyond procoagulant phospholipids and PF4 release (e.g.,
factor V released from a-granules, binding and protecting
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factor Xa from inactivation by UFH-AT).”3? The exogenous
phospholipids do not even faithfully mimic platelet phos-
pholipid surfaces, which change over time during the coag-
ulation process. In short, contribution of platelets to TG relies
on phosphatidylserine exposure but is not restricted to this
phenomenon. The anticoagulant effects of UFH are therefore
substantially reduced when studied in the presence of
platelets, as compared with platelet-poor plasma with non-
platelet procoagulant phospholipid surfaces.>! The issue
could be even more complicated taking into account active
tissue factors made available on the surface of activated
platelets, according to some reports.30

Platelets are present in whole blood tests like viscoelasto-
metric assays>? and activated clotting time (ACT), but this
does not imply that their entire physiological role in coagu-
lation is faithfully represented in those tests.>* Such tests are
widely used in the management of patients in the context of
cardiac surgery with cardiopulmonary bypass or other pro-
cedures, when blood comes into contact with foreign surfa-
ces with large doses of UFH'' (ACT), but also in
postprocedure for viscoelastometric assays. In contrast,
many limitations prevent their use to monitor therapeutic
UFH and their reliability in this context remains highly
questionable.3*

So far, in the absence of a validated genuinely integrative
(“global”) approach, UFH monitoring must rely on the use of
the plasma-based tests, aPTT clotting times, or anti-Xa
assays. Both tests may be performed within 1hour, with
organized efforts to expedite the central laboratory turn-
around time similar to those done in emergency settings.35
Despite the lack of robust validation, anti-Xa levels have
often been considered a better option for UFH monitoring
than resorting to aPTT.'336:37

Limitations Specific to Activated Partial
Thromboplastin Time Tests

By contrast with anti-Xa assays, aPTT explores the coagula-
tion cascade initiated with contact phase. It is highly sensi-
tive to many conditions unrelated to the anticoagulant effect
of UFH, frequently encountered in critically ill patients. These
include defects in the contact system, interference with C-
reactive protein with certain aPTT reagents, and presence of a
lupus anticoagulant, which prolong aPTT. Conversely, high
factor VIII levels, which are frequent in case of inflammation,
shorten the aPTT thus rendering it less sensitive to
UFH.814.36.38.39 \joreover, the aPTT is not or only poorly
sensitive to natural anticoagulants (see below regarding AT,
key point #3).

Due to the variability of reagent-coagulometer sensitivity
to UFH,%3640:41 the American College of Chest Physicians
(ACCP) consensus group recommended against the use of a
fixed aPTT therapeutic range in seconds and suggested that
the therapeutic range be calibrated, specifically for each
reagent batch/coagulometer, against anti-Xa levels (0.30-
0.701U/mL),%*? which is a difficult task, seldom performed.
This ex vivo calibration may be impacted by the choice of a
specific anti-Xa assay (see below)*® and has not been found
to enhance interlaboratory agreement in UFH monitor-
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ing.'>44 Also, it has never been demonstrated to be associat-
ed with better clinical outcomes, as compared with the
traditional 1.5 to 2.5 times control method.'>** Moreover,
it is unclear whether the control value should be: (1) the one
of a pool of normal plasma samples (how should this be
prepared? Are commercially available samples suitable?), (2)
the geometric mean of values of a sufficient (how many?) of
normal plasma samples, or (3) baseline value of the patient.>
Anyhow, the patient baseline value is required to identify
patients with prolonged aPTT due to disorders not associated
with bleeding, such as lupus anticoagulant and contact phase
abnormalities. In those occurrences, one has to resort to an
anti-Xa assay.

Despite these limitations, the use of aPTT instead of the
anti-Xa assay for UFH monitoring continues to be widespread
due to cost and availability issues.>® Indeed, the per-test cost
anti-Xa assay, which varies among countries, is higher than
that of aPTT.*>~#

Limitations Specific to Anti-Xa Assays
In contrast to aPTT, anti-Xa assays may be considered as fairly
standardized. However, limited agreement between anti-Xa
assays has been repeatedly reported, with potential impor-
tant clinical impact leading to changes in treatment deci-
sions.37434849  For instance, in patients receiving
therapeutic UFH, discrepancies in anti-Xa levels within the
therapeutic range (0.30-0.70 IU/mL) reached up to 46% when
comparing two reagents, BiophenLRT (Hyphen) and STA-
Liquid anti-Xa (Stago).*® One substantial difference among
anti-Xa assays is the presence or absence of dextran sulfate
(DS) in the assay. The type of DS (molecular weight, degree of
sulfation...) and its concentration can vary among manufac-
turers and is usually undisclosed. DS is used to partly
displace UFH from proteins released in vitro into plasma
after blood sampling by platelets, especially PF4, to recover
UFH activity.>®>! DS also likely displaces UFH from com-
plexes formed in vivo with various proteins (the so-called
interactome), or with protamine after UFH neutralization in
the setting of cardiac surgery under cardiopulmonary by-
pass, contributing to higher anti-Xa levels and probably to
overestimation of the actual anticoagulant activity of
UFH.27-37:48.49.51.52 Eqr instance, after protamine neutraliza-
tion of UFH in cardiac surgery, only 6% of anti-Xa values
versus 77% were found below the lower limit of quantifica-
tion as expected, when measured with reagents containing
DS or without DS, respectively.?” Potentially clinically rele-
vant discrepancies between anti-Xa values, measured with
or without DS, were also observed in patients receiving
ECMO therapy.”3

In addition to the presence of DS, other parameters might
potentially contribute to disparities in anti-Xa levels, includ-
ing the type of blood collection tube, the addition of exoge-
nous AT, the «calibrator, and the calibration curve
mathematical processing.3” Much effort must be made to
improve the understanding of the differences between types
of anti-Xa assays,27'51 which requires a concerted action by
professional societies and reagent manufacturers. To the best
of our knowledge, the relationship with Stachrom Heparin-
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derived values, used to established the 0.30 to 0.70 1U/mL
therapeutic range as mentioned below,>*>° is not available
for any of the currently used anti-Xa assays. There are
theoretical reasons, mentioned above, to opt for an assay
without DS (Stago, Technoclone, Horiba). However, extended
studies about the clinical impact of their use and even their
analytical performances are lacking.

Moreover, anti-Xa levels provide no information about the
effect of UFH in case of inflammation and hypercoagulability
(with elevated factor VIII among other changes), which is a
cause of dissociation between the two assays, with anti-Xa
levelin the therapeutic range but aPTT below the therapeutic
range.>®

In addition, coagulopathy due to liver impairment, trau-
ma, postsurgical bleeding, and disseminated intravascular
coagulation and coagulation factor deficiencies of any cause,
should not be overlooked; they can be detected with PT and
fibrinogen determination.

One may wonder why UFH levels are estimated using the
potential of UFH in plasma to inhibit added Xa rather than Ila,
which is likely the main target in the anticoagulant effect of
UFH.>" Actually, the anti-Xa effect is assessed in a very artificial
manner. In those assays, Xa is entirely in the fluid phase and
not in the prothrombinase complex, which partially protects
Xa from AT inhibition. Moreover, calcium concentrations are
low, artificially increasing the effect of heparins against factor
Xa.>’ Nevertheless, anti-Xa levels are considered a good surro-
gate for anti-Ila levels in UFH management. By definition, the
anti-Xa/anti-Ila ratio (in “units”) is one for UFH, as almost if not
all the chains in UFH that contain the pentasaccharide with
high affinity for AT are long enough to inhibit factor Ila. This
does not mean that they are equally active against (free)Ilaand
(prothombinase) Xa. Thus, anti-Xa levels should closely match
anti-Ila levels, as far as the inhibitory effect is mediated by AT.
The anti-Ila assay is not used in daily practice for various
practical reasons and also because anti-Xa assays can capture
other widely used anticoagulants (LMWH, fondaparinux,
danaparoid, and direct oral Xa inhibitors), which is a potential

Gouin-Thibault et al.

source of confusion when a patient is switched from a direct
oral Xa inhibitor to UFH.

By design, anti-Xa assays do not assess the effect of UFH on
HCI1,%8 the in vivo role of which is not well defined.”®

Finally, to what extent the different formats of the anti-Xa
assay are sensitive to endogenous circulating anticoagulant
glycosaminoglycans is not clear.t0-61

To summarize, the respective advantages/disadvantages
of aPTT and anti-Xa assays are displayed in =Table 1. So far,
there are too few data to conclude on the clinical implications
of aPTT or anti-Xa assay-based UFH monitoring (see below).
However, it has been reported that the use of an anti-Xa
assay, rather than aPTT, is associated with a faster time to
reach the therapeutic range (see below).47->4.62:63

Therapeutic Ranges are not Well Grounded
(Key Point #2)

The anti-Xa range from 0.3 to 0.71U/mL has been widely
accepted for decades as the UFH therapeutic range for the
treatment of acute VTE.® However, the method by which the
range was established should be viewed with skepticism, as
should the strength of the relationship between the intensity
of anticoagulation and clinical outcomes (thrombosis and
bleeding).

The substantial inter- and intraindividual variability of
the response to UFH administration was appreciated decades
ago.%* This led to the use of laboratory monitoring for dose
adjustment with the tools available at that time, many years
before anti-Xa chromogenic assays became available.'* The
UFH therapeutic range for an acute episode of VTE was first
established as an aPTT ratio between 1.5 and 2.5 times
control (pooled normal plasma, 40 seconds).> More specifi-
cally, the prospective study performed in the 1970s with 234
patients (162 with VTE and 72 with myocardial infarction or
arterial thrombosis) treated with an initial bolus followed by
a continuous IV infusion, suggested that an aPTT ratio
between 1.5 and 2.5 was associated with a low risk of

Table 1 Respective advantages/disadvantages of activated partial thromboplastin time and anti-Xa

aPTT Anti-Xa
Availability Widely available Not widely available
Cost Cheap Expensive
Principle Clotting time after activation of the contact system | Target-specific test
Analytical Prolongation in case of:
interferences

* Lupus anticoagulant
¢ Interference from CRP

* Deficiency in coagulation factors (contact system)

¢ Interference from other anti-Xa
anticoagulants

Shortening in case of inflammation

Sensitivity to UFH | Highly variable, depends on reagents

Sensitive
But lack of standardization of different
assays can lead to large deviations in the levels

Specificity No

Specific to anti-Xa inhibitors

Abbreviations: aPTT, activated partial thromboplastin time; CRP, Greactive protein; UFH, unfractionated heparin.
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recurrent thrombosis.> aPTT was measured in citrated plate-
let-poor plasma with the use of kaolin (contact phase acti-
vator) and a 3-minute incubation time before recalcification
together with the addition of phospholipids (“partial throm-
boplastin”). Such aPTT methods with locally prepared
reagents are not used anymore.

Thereafter, heparin levels were also assessed with prot-
amine titration, relying on experimental animal studies®”
and subsequently patient samples, after IV administration
for VTE treatment, but without assessment of clinical out-
comes.®® In one study, Brill-Edwards et al showed that
establishing a therapeutic range, using protamine titration
heparin levels of 0.2 to 0.4 units/mL as a reference was
feasible and compensated for the variable response of aPTT
reagents to heparin.®® The transition from protamine titra-
tion to chromogenic anti-Xa assay was based on a single
study performed by the same Canadian group, on VTE
patients requiring large daily doses of UFH (>35,0001IU)
with assessment of recurrence and bleeding events, which
enabled the establishment of a heparin level therapeutic
range of 0.35 to 0.67 IU/mL.>*

Patients requiring a large daily dose of UFH were random-
ized to aPTT or anti-Xa monitoring, with therapeutic ranges
corresponding to 0.2 to 0.4 units/mL protamine titration, i.e.,
60 to 85seconds for aPTT (Actin FS, Dade) and 0.35 to
0.671U/mL for anti-Xa (Stachrom Heparin, Stago). The
mean daily heparin doses were higher in the aPTT group
compared with the anti-Xa group. During the first 12 weeks,
3/65 and 4/66 patients experienced recurrent VTE in the
anti-Xa and aPTT groups, respectively (difference: 1.5%; 95%
confidence interval [CI]: —6.7 to 8.4%; p=0.7). There were
four bleeding events in the aPTT group and one in the anti-Xa
group (difference, 4.6%; 95% CI: —3.3 to 7.5%; p=0.4).

The anti-Xa reagent used at that time, Stachrom Heparin
(Stago), a dextran-free reagent with added AT, is seldom
used nowadays, and the applicability of the results to current
widely used anti-Xa assays is unknown.>” Since the seminal
studies, no clinical studies have challenged the therapeutic
range (rounded to 0.3-0.7 [U/mL) and no evidence has been
produced, in a large cohort of patients, demonstrating that
certain UFH levels, as reflected by current anti-Xa assays, are
associated with optimal clinical outcomes.''® Interestingly,
while the aPTT range as defined in the Basu et al study® was
not validated in clinical studies, the aPTT was nevertheless
widely used, albeit with a great diversity of therapeutic
ranges, in the UFH arms of pivotal studies aimed at compar-
ing LMWH to UFH in the treatment of acute VTE.'*

At least two randomized trials suggest that the efficacy
(early recurrence, extension of VTE) of UFH in the treatment
of VTE is dependent on initial dosing and the levels of
anticoagulation achieved within 24 to 48 hours.'3:67-68 yet,
the suboptimal result with intermittent subcutaneous hep-
arin, compared with continuous IV UFH to reach the aPTT-
target therapeutic range and to prevent recurrent VTE, in the
initial treatment of patients with acute proximal deep vein
thrombosis, was established in a randomized double-blind
trial, with recurrences limited to patients with an initial
subtherapeutic anticoagulant response.®® In this study, the
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subcutaneous UFH regimen, deemed inadequate by contem-
porary standards, induced an initial anticoagulant response
below the target therapeutic range in the majority of patients
and resulted in a high frequency of recurrent VTE (11/57,
19.3%). In contrast, IV UFH induced a therapeutic anticoagu-
lant response in the majority of patients and was associated
with a low frequency of recurrent events (3/58; 5.2%;
p=0.024).5°

When considering subcutaneous UFH regimen, a fixed
dose of 2501U/kg every 12 hours, preceded by a 333 IU/kg SC
loading dose, without monitoring, was shown to be non-
inferior to twice-daily LMWH with respect to recurrent VTE
at 90 days (3.8 vs. 3.4%) and major bleeding (1.1 vs. 1.4%) in
the randomized Fixed-Dose Heparin trial.”® Whether this
regimen, fixed-dose without monitoring has been used since
this study, is unclear.

Few studies report clinical outcomes on the basis of UFH
monitoring, using aPTT or anti-Xa. As above mentioned, in
1995, Levine et al were the first to show that anti-Xa
monitoring could be used to monitor UFH. The authors
concluded that the heparin assay is a safe and effective
method, for monitoring heparin treatment in patients with
acute VTE whose aPTT remains subtherapeutic despite large
daily doses of heparin, avoiding dosage escalation if the anti-
Xa level is therapeutic.>*

To our knowledge, only one review and meta-analysis
aimed to evaluate if the choice of laboratory test for moni-
toring UFH therapy was associated with a difference in the
outcomes of bleeding, thrombosis, or mortality, is avail-
able.”! This review did not show any advantage when
comparing aPTT-guided and anti-Xa-guided UFH therapy,
with respect to bleeding or thrombotic events. However,
there are important limitations in the review, related to the
type of studies included, the criteria or definitions of bleed-
ing across studies, and the therapeutic ranges.”" Indeed, the
number of patients in all but one study was small and the
incidence of recurrence and bleeding was low. There was no
consensus for the criteria or definitions of bleeding across
studies. The aPTT reagents and anti-Xa assays used varied
among studies as well as aPTT target ranges, whereas the
anti-Xa target ranges were between 0.30 and 0.70 IU/mL in
most studies. Importantly, one study represented the major-
ity of the data analyzing bleeding and thrombotic
complications.”’

The Actual Influence of Antithrombin Levels
on Unfractionated Heparin’s Anticoagulant
Activity is Not Well Established (Key Point
#3)

AT deficiency can occur due to several causes, inherited or
acquired, in the latter case due to reduced synthesis related
to liver dysfunction or accelerated clearance/consumption
associated with mechanical devices (cardiopulmonary by-
pass, ventricular assist device, ECMO), nephropathy (renal
losses), disseminated intravascular coagulation, extended
deep venous thrombosis/pulmonary embolism, or L-aspar-
aginase administration.'’”? Patients who are treated with
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UFH are likely exposed to those conditions. The question is
whether AT deficiencies can impact the capacity of UFH to
exert its anticoagulant activity in vivo and ultimately patient
outcomes. It is important to note that anti-Xa assays supple-
mented with AT are, by design, insensitive to variations in
endogenous AT levels.

It has been suggested that a AT level of 501U/dL (50%)
should be sufficient to support a heparin effect assessed with
anti-Xa assays that do not contain exogenous AT; however,
no hard data support this assumption.*® The very few in vitro
studies available showed that the impact of AT would vary
according to the assay used to monitor UFH, with no thresh-
old to define a “resistance”/“altered response” to UFH.”3-74
Therefore, plasma level of AT required for the full desired
anticoagulant effect of UFH is not known or established and
likely depends on the patient’s condition.

From a clinical point of view, the benefit of AT compensa-
tion for anticoagulation and for clinical outcomes, in case of
altered laboratory response to UFH has not been docu-
mented, so far. Most available data concerning AT adminis-
tration are from studies in cardiac surgery, only showing that
AT supplementation may improve heparin reactivity mea-
sured by ACT."" In this context, randomized controlled trials
failed to demonstrate any benefit of AT supplementation on
patient outcomes, with rising concerns about a higher bleed-
ing rate or incidence of acute kidney injury.””

However, this does not mean that AT levels have no effect
on the anticoagulant effect of UFH. This effect can be
approached more comprehensively in a TG assay. It is impor-
tant to understand that any AT levels can affect the thrombin
potential in a TG assay and the decrease in thrombin poten-
tial afforded with UFH; the effect is continuous with no
discernible threshold.’’® We thus do not dismiss that
functional AT levels could impact the clinical outcome for
a patient while on therapeutic UFH. Still, this impact is poorly
or not detected at all by aPTT’# or anti-Xa assays and clinical
evidence is lacking.

The Concept of Unfractionated Heparin
Resistance Lacks Supporting Data (Key Point
#4)

It is of utmost importance to differentiate the UFH response
according to laboratory tests (the anticoagulant effect) from
clinical outcomes: clinical failures do not entirely match
failures to achieve the desired effect on laboratory tests.
Here, we specifically address the laboratory side and chal-
lenge the widely held belief that “resistance” to UFH (fre-
quently mentioned in the setting of coronavirus disease 2019
for instance’’) exists and warrants specific action.

Stricto sensu, resistance would mean that heparin could
not act at all on its target in coagulation, AT, due to a cause
that cannot be overcome.”® Theoretically, severe AT deficien-
cy or homozygous type Il heparin-binding site inherited AT
deficiency, prothrombin Belgrade’®:#° could lead to such a
condition.”® In case of acquired AT deficiency, such a resis-
tance does not exist, whereas an attenuation of anticoagu-
lation is very plausible at low AT levels, which can be readily
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overcome by increasing the UFH dose with the help of a
nomogram.

If genuine resistance to UFH does not exist, as we believe
(or is exceptional), it does not come as a surprise that there is
no consensus on how to define it. For some patients, there is a
need for high heparin doses, with various reported defini-
tions, to achieve a targeted level of anticoagulation.'® This is
due to the large inter- and intraindividual variability in
response to UFH, related to the interactome (see above)
including increased release of PF4 in some acute phase
setting, in association with the potential acquired AT defi-
ciency, rather than to a genuine resistance. Therefore, despite
the widespread use of the term “resistance,” we do not
advocate for its use. “Resistance” would imply that the
ultimate target of heparin (i.e., thrombin) would not be
affected at all by reasonable amounts of infused UFH, even
after appropriate dose adjustments within the first 24 hours.

From a practical point of view, it is clinically important to
promptly reach therapeutic levels of UFH within 24 hours,
especially in case of acute VTE.%? Appropriate monitoring
with swift dose adjustments according to a reliable weight-
adjusted nomogram should often solve the issue.*”-63:68.81-85
This is especially true if therapy is guided with an anti-Xa
assay.4762.63

A randomized controlled trial conducted by Raschke et al
in 1993 comparing weight-based nomogram and standard
care groups showed that a significantly higher proportion of
patients reached the aPTT therapeutic range of 1.5 to 2.3
times control within 24 hours, in the weight-based nomo-
gram group, and that recurrent thromboembolism events
were more frequent, in the standard care group (relative risk:
5,95% CI: 1.1-21.9).%8

Since then, few nomograms, mainly adapted from
Raschke’s one and using anti-Xa therapeutic ranges, have
been tested.*”-32-8> They confirmed that a weight-based UFH
dosing nomogram using anti-Xa monitoring resulted in a
high  percentage of patients achieving target
range?7-62.82.83.85 3 d that patients monitored with anti-Xa
achieved a significantly faster time to therapeutic range and
required fewer dose adjustments per 24-hour period, com-
pared with those monitored with aPTT.*”:6263 However,
these nomograms require validation. In such nomograms,
a bolus at the initiation of UFH treatment, aimed at saturat-
ing the binding of UFH to non-AT proteins (interactome),
followed by UFH infusion, and dose adjustments with addi-
tional boluses, allowed for effective anticoagulation as fast as
possible, despite the complex PK of UFH.

The issue of increased bleeding risk with high UFH doses
has been raised by some authors in a cardiopulmonary
bypass setting but not really documented,80-8° especially
the risk of rebound that was assessed using a reagent
containing DS, which dissociates protamine-UFH complexes
(see above).3?

Therefore, when therapeutic level is not reached or if UFH
doses are deemed to be excessively large, before considering
a potential action, such as “supplementing* with AT or
resorting to a direct thrombin inhibitor, a careful examina-
tion of the case is required. The systematic analysis when
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facing reduced responsiveness of lab testing to UFH should
include coordinated actions between physicians, nurses, and
specialists in laboratory medicine in order to: (1) ensure
minimization of PF4 release from platelets into collected
blood; (2) check whether the drug is appropriately delivered
(errorsin the preparation, inappropriate infusion rate, defect
in the vascular access, concomitant drugs administered
through the same line); (3) be aware of analytical issues;
(4) be aware of patient characteristics (age, inflammation
state); (5) ensure appropriate use of UFH: UFH dose adjust-
ment through a weight-based nomogram (bolus during
initiation—dose adjustments, with additional boluses if nec-
essary—timely laboratory monitoring according to nomo-
gram; and (6) consider the possibility of heparin-induced
thrombocytopenia, especially in case of associated clinical
failure to UFH.

Scarce Data are Available on Unfractionated
Heparin Use beyond Acute Venous
Thromboembolism (Key Point #5)

We have highlighted the lack of robust data regarding the
prescription and monitoring of UFH during the acute phase
of VTE. Beyond VTE, therapeutic doses of UFH are used for
managing arterial thrombotic complications (acute coro-
nary syndromes [ACS], perioperative management of acute
limb ischemia) and also for preventing thromboses associ-
ated with circulatory support (ECMO, left ventricular assis-
tance device) and mechanical heart valves. The doses and
monitoring are derived from what is held suitable for acute
VTE. Unfortunately, the level of evidence for the use of
therapeutic UFH in those clinical situations is extremely
low.

Regarding ACS, clinical studies relied on target aPTT values
without sound evidence and the desired heparin levels were
left unaddressed. In the 2012 ACCP issue, aligned on
ACC/AHA guidelines, lower UFH doses than those for VTE
are offered for treatment of ACS but without any specified
therapeutic range.®-°

In the management of ECMO, which is used in highly
complex critical situations, the aim of anticoagulation is to
prevent clotting in the circuit and oxygenator and thrombo-
sis in the ECMO-treated patient while minimizing bleeding
complications. Guidance from the International Society on
Thrombosis and Haemostasis on the anticoagulation of
ECMO patients has been recently published and mostly
highlights the lack of robust data.’' Few studies ara available
on this topic: In the setting of venoarterial ECMO a moderate
acquired AT deficiency was found, mainly during the first
72 hours, that did not correlate with heparin responsive-
ness®? and AT supplementation did not decrease heparin
requirement nor diminish the incidence of bleeding and/or
thrombosis in adult patients on venovenous ECMO.?? In this
setting, anti-Xa assay compared with aPTT monitoring im-
proved the precision of anticoagulation.®*

To the best of our knowledge, no data are available
supporting the way to use UFH for patients with mechanical
heart valves, which is managed based on clinical experience.
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Next Steps for Research

We have identified a list of critical points on the use of UFH
and laboratory monitoring of therapeutic doses. To improve
management of patients receiving UFH, the following issues
should be appropriately addressed in future clinical re-
search: (1) while anti-Xa assays are often considered as
the preferred option, a vigorous action to improve under-
standing of the differences between types of anti-Xa assays
and to solve the issue of the usefulness of added dextran is
necessary; (2) therapeutic ranges for UFH, which were
defined decades ago using reagents no longer available,
have not been properly validated and need to be confirmed
or reestablished; (3) UFH dose adjustment nomograms
require full validation.

Conclusion

In conclusion, most key questions addressed in this review
are far from being resolved. Management of patients treated
with therapeutic UFH relies on scarce data with questionable
clinical relevance, which likely contributes to wide hetero-
geneity in practice, the more in other settings than acute
VTE. Currently used assays for UFH laboratory monitoring
display important limitations such as wide variability in the
sensitivity of aPTT reagents to UFH and poor harmonization
of anti-Xa assays, with questions concerning the addition of
dextran.

Not withstanding the limitations and uncertainties of
anti-Xa assays, we prefer the use of an anti-Xa assay over
aPTT. Most currently used anti-Xa assays are performed
without addition of exogenous AT and we do not favor the
use of anti-Xa assays supplemented with AT. Such an addi-
tion would mask a decreased sensitivity to UFH, but it is
unclear to what extent AT dependence of the assay (see
above) faithfully reflect the role of AT endogenous levels in
heparin response. We call for a vigorous action to improve
the availability and use of appropriate and concordant anti-
Xa assays and to solve the issue of whether or not to add
dextran. Under some circumstances, the aPTT might give an
insight on the anticoagulant effect beyond the mere interac-
tion of AT, provided aPTT is not prolonged for other reasons
in addition to heparin.

There is an urgent need for additional data with currently
used reagents (aPTT or anti-Xa tests) and follow-up of clinical
outcomes, to confirm or reestablish therapeutic ranges for
UFH. Guidance on UFH management including nomogrames,
tests, and reagents for monitoring is also required.
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