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Introduction

Heparin-induced thrombocytopenia (HIT) is a rare, iatrogenic
disease characterised by its potential severity, mainly related to
thrombosis, and by difficulties regarding its diagnosis and
management of affected patients. In 2002, a conference of experts
mobilised by the French Society of Anaesthesia and Intensive Care
Medicine (Société francaise d’anesthésie et de réanimation [SFAR])
drafted recommendations for the management of HIT [1]. Since
then, the drugs available to treat patients have evolved: lepirudin
has disappeared, the prescription of fondaparinux and direct oral
anticoagulants has increased, and finally the biological tests
required for diagnosis are more effective. These developments
have led the French Working on Perioperative Haemostasis
(Groupe d'intérét en hémostase périopératoire [GIHP]) and the
French Study Group on Thrombosis and Haemostasis (Groupe
d’étude sur I'hémostase et la thrombose [GFHT]), in collaboration
with the French Society of Anaesthesia and Intensive Care
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Medicine (Société francaise d’anesthésie et de réanimation [SFAR])
to define updated proposals for the diagnosis and care of HIT.

Since 2002, many articles have been published, but with few large
patient series and even fewer randomised trials comparing available
treatments. The level of evidence of the available studies remains
uncertain and the level of recommendation is therefore quite low,
explaining that our group has decided, as in 2002, not to assign a
grade to the proposals issued. We have adopted a different attitude
from that of the American College of Chest Physicians (ACCP) [2] or
the British [3], which in 2012 proposed strong recommendations.

The methodology used to develop these proposals was as follows:
the issues addressed were assigned to several working groups,
composed of members of the GIHP and/or the GFHT. A first text
incorporating updated data from the literature and recommendations
or guidelines from UK [3], ACCP [2]| and more recently issued by ASH
[4] was written based on the 2002 expert conference [1]. This first text
was then reviewed, discussed and modified by the other groups, and
then submitted for critical analysis by other GIHP and GFHT members.
Finally, these proposals were validated by a vote (n = 32 participants),
thus determining the strength of each proposal. To retain a proposal,
at least 50% of members had to express their agreement (for a strong
agreement, the threshold was set at 70%), while less than 20% of them
could express their opposition. In the absence of agreement, the
proposals were reformulated and put to a new vote in order to obtain
a better agreement. These proposals were developed in collaboration
with the SFAR Clinical Referential Committee.
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Finally, our text addresses the following 12 questions and
presents 40 proposals useful for clinical practice:

e What are the different stages and levels of risk of HIT?

e Which platelet count monitoring for HIT detection during
heparin therapy?

e What are the circumstances that should be considered when
diagnosing HIT?

e Apart from HIT, what are the other possible aetiologies of
thrombocytopenia in a patient treated with heparin?

e Which biological tests are needed to confirm the diagnosis of
HIT?

e What is the practical approach for the diagnosis and initial
management of HIT in the acute phase?

e What are the alternative anticoagulants that can be used in HIT
after stopping heparin?

o Is there a place for other treatments in a patient with suspected
HIT?

e Which treatment should be proposed for HIT in surgical settings
outside cardiac surgery?

e Which treatment should be proposed for cardiac surgery with
and without extracorporeal circulation (ECC) in the case of HIT?

e Which treatment should be proposed for HIT in a medical
setting?

e Which prevention can be proposed to avoid the occurrence of
HIT or recurrence?

General information

Two types of thrombocytopenia may occur in patients treated
with heparin, unfractionated heparin (UFH) or low molecular
weight heparin (LMWH):

e a benign thrombocytopenia (type I), of non-immune origin and
early onset, without thrombotic complications and regresses
despite continued heparin therapy;

e a more severe thrombocytopenia (type II), which is most often
moderate, of delayed onset, immune and potentially very severe
since associated with thrombosis. It alone can be qualified as HIT
and is the subject of these proposals.

HIT is a clinical-biological syndrome induced by IgG isotype
antibodies, which almost always recognise heparin-modified
platelet factor 4 (PF4/H) [5], with intense platelet activation
associated with explosive thrombin generation that can lead to
venous and/or arterial thrombosis [6,7]. Thrombocytopenia results
from massive activation of platelets and from their elimination by
the mononuclear phagocyte system, the cells being sensitised by
PF4/heparin/IgG complexes. Thrombosis is the consequence of a
multi-cellular activation involving platelets with the release of
procoagulant microparticles, endothelial cells, neutrophils and
especially monocytes that express tissue factor contributing to the
hypercoagulability of patients [8].

The diagnosis of acute HIT is difficult since there are often other
potential causes of thrombocytopenia, particularly in the postop-
erative period or in ICU patients, and it must integrate clinical
circumstances and associated treatments. It is important not to
neglect this diagnosis, or conversely not to wrongly conclude that
HIT is present because the systematic discontinuation of heparin in
the presence of any thrombocytopenia poses therapeutic problems
and may expose the patient to complications.

Biological confirmation of the diagnosis is necessary in all cases
but often takes several days. However, biological assays, looking
for anti-PF4 antibodies, must never delay the stopping of heparin
and the prescription of an alternative anticoagulant.

The thrombotic risk is considered high during the first month
after diagnosis [9], the antibody titre and their ability to activate
platelets and haemostasis decreasing thereafter, to no longer be
detectable in good standing beyond three months [10].

Question 1: What are the different stages and level of risk of TIH?

Proposal # 1
It is proposed to distinguish three different stages of HIT
according to its ancientness:

e acute HIT, which is a recent HIT, diagnosed within the
last month, during which time antiplatelet factor 4 (PF4)
activating antibodies are most often present with a high
thrombotic risk;

e subacute HIT, which corresponds to HIT diagnosed 1 to
3 months ago, during which time anti-PF4 antibodies
are often present with a low titre;

o previous history of HIT, which corresponds to an old HIT
of more than 3 months, and at this stage, anti-PF4

antibodies are most often undetectable.
(STRONG AGREEMENT)

Proposal # 2
Itis proposed to define the level of risk of HIT during heparin
administration as:

e low (less than 0.1%) during treatments with low
molecular weight heparin (LMWH) in medicine (except
cancer), obstetrics (except surgery including caesarean
section), or in the course of minor trauma; during all
fondaparinux treatments; during isolated non-fraction-
ated heparin (UFH) injection for endovascular procedure
or simple surgery; during any treatment by UFH or
LMWH lasting beyond one month;

o intermediate (between 0.1 and 1%) in case of prophy-
lactic treatment with UFH in medicine/obstetrics, or
with LMWH in a cancer patient, or a severe trauma
patient, or a patient treated with LMWH in postopera-
tive care (including cardiac surgery);

o high (above 1%) in the case of prophylactic treatment
with UFH in surgery, (including circulatory assistance)
or for renal replacement therapy; in the case of all
curative treatments with UFH in medicine/surgery/

obstetrics.
(STRONG AGREEMENT)

Rationale

The management of patients depends on the age of HIT and the
persistence or otherwise of circulating anti-PF4 antibodies. Three
different stages can be individualised (Proposal No. 1).

The risk of HIT varies according to the type of heparin
administered (UFH or LMWH), the underlying conditions, and
the duration of treatment (Table 1).

In 2012, the ACCP had defined its proposals taking into account
only two levels of risk, higher or lower than 1% [2]. In 2018, the ASH
proposed three levels of risk, high (> 1%), intermediate (between
0.1 and 1%) and low (< 0.1%) [4], a position we chose to adopt, as it
better responds to the different situations with which the clinician
is most frequently confronted.
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Table 1
Risk of HIT by context and type of heparin administered.
Context Dose Level of risk
Low Intermediate High
UFH Surgery including caesarean section Prophylactic or +
Curative
Medical/ Curative +
Obstetrical
Renal and cardiac assistance (CPB, ECMO...) +
Medical/ Prophylactic +
Obstetrical
LMWH Surgery including caesarean section Prophylactic or +
Curative
Cancer +
Medical/ Prophylactic or +
Obstetrical Curative

HIT: heparin-induced thrombocytopenia; UFH: unfractionated heparin; LMWH: low molecular weight heparin; CPB: cardiopulmonary bypass; ECMO: extracorporeal

membrane oxygenation.

The risk of HIT is assessed as low during all medical treatments
with LMWH (except cancer), and during pregnancy outside the
surgical context. This risk is also very low or even non-existent
under fondaparinux (which is not strictly speaking a heparin)
whether prescribed with preventive or curative doses [11].

In medicine, a prospective study in 2005 found an incidence of
HIT equal to 0.8% under LMWH at preventive or curative doses [12],
but this result has not been confirmed. Another study in 2011,
involving more than 25,000 patients, found a much lower
frequency of HIT (<0.2%) in medical patients treated with a
preventive dose of LMWH [13]. We therefore do not propose any
monitoring of platelets in medical patients under LMWH (question
2), in accordance with the most recent British [3] and North
American [4] recommendations.

In addition, a patient receiving a single bolus of UFH (especially
for endovascular examination) is also at low risk of HIT, unless he
or she has recently (within the previous 3 months) been exposed to
heparin for several days in a row.

In obstetrics, a systematic review of more than 2700 pregnan-
cies under LMWH confirmed a very low risk of HIT, less than 0.1%
[14], also justifying the lack of platelet monitoring in this context.

Finally, the risk of HIT is very low in all patients after one month
of heparin treatment, regardless of the molecule administered
(UFH or LMWH) and the dosage.

The risk of HIT is intermediate (between 0.1 and 1%) in many
clinical situations. This is particularly the case for patients treated
for prophylaxis with LMWH in a surgical setting, and for whom the
risk of HIT is estimated to be almost 10 times lower than with UFH
[15,16].

However, it varies greatly depending on the context and type of
surgery, as evidenced by this wide range of incidence, from 0.1 to
1%, and which does not necessarily implicate the same monitoring.
Thus, the risk of HIT considered as low in case of minor trauma [4]
appears to be higher under LMWH after surgery for severe
trauma [17], being estimated at 0.36% [18]. However, it is much
lower after scheduled orthopaedic surgery, such as hip or knee
replacement [19]. In France, minor surgery is not an indication in
itself for drug prophylaxis, and we have therefore considered any
surgical procedure treated with LMWH to be at intermediate risk of
HIT.

In cardiovascular surgery, despite a bolus of UFH performed
intraoperatively, particularly in the case of cardiopulmonary
bypass (CPB) surgery, the risk of HIT is reduced if LMWH is
prescribed postoperatively (0.4% versus 2.5% under UFH)
[20,21]. The risk of HIT in cardiovascular surgery patients under
LMWH is therefore considered to be at intermediate risk.

In medical cancer patients, only one study reported a high
incidence > 1% of HIT [12], but its methodology was controversial

[2], and this result was not confirmed [22], which is why we
considered the risk of HIT in this context as intermediate.

A high risk of HIT (greater than 1%) exists for the majority of
patients treated with UFH, whether they receive a preventive or
curative dose, particularly in orthopaedic surgery [23], or after
cardiac surgery with CPB [24].

In medical patients, the risk of UFH-related HIT is probably
lower but remains close to 1% [13,25,26] and higher during
curative intravenous treatments [13,27].

Patients on extracorporeal membrane oxygenation (ECMO)
require curative anticoagulant treatment with intravenous UFH
and therefore have a high risk of HIT [28], although still poorly
defined [29,30].

Question 2: Which platelet count monitoring for HIT detection
in heparin-treated patients?

Proposal #3

It is proposed that all patients treated with heparin, whether
unfractionated or low molecular weight, should have a sys-
tematic platelet count before initiation of treatment (or alter-
natively as soon as possible after the first injection, before D4).

(STRONG AGREEMENT)
Proposal #4
Itis proposed not to monitor platelet count in patients at low
risk of HIT.
(STRONG AGREEMENT)
Proposal #5

For patients at intermediate risk of HIT, it is proposed to
monitor platelet counts once to twice a week from day 4 to day
14 of treatment, and then once a week for one month if heparin
therapy is continued.

(STRONG AGREEMENT)

Proposal #6
For patients at high risk of HIT, it is proposed to monitor
platelet counts two to three times a week from day 4 to day 14 of
treatment, and then once a week for one month if heparin
therapy is continued.
(STRONG AGREEMENT)
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Rationale
The early diagnosis of HIT

The early diagnosis of HIT depends primarily on monitoring
platelet count (NP).

A first platelet count (PC) is recommended before starting any
heparin treatment [2,3], or alternatively as soon as possible (before
the 4th day of treatment), the result obtained serving as a reference
(Proposal No. 3).

The monitoring then depends on the level of HIT risk

In all situations where the risk of HIT is low, no monitoring of PC
is required (Proposal #4), but a blood count will be performed during
any unusual or unexpected event (see question #3, Proposal #7).

Control of PC is necessary for other patients, with a more
sustained rhythm for those with a high risk (2 or 3 times a week). It
should be noted that the ASH proposes in this case a PC check every
48 hours [4], which may be preferred if the risk is very high, as for
example during cardiac surgery in a patient with a previous history
of HIT.

However, after cardiac surgery with CPB, repeated monitoring
of the PC allows a careful analysis of the postoperative evolution
and the identification of a possible “biphasic” profile, characterised
by a decrease in the PC in the days following a phase of total or
partial correction, and which is highly predictive of an HIT [21,31].

A monitoring window the day 4 to day 14 of treatment is
proposed, as the vast majority of HIT occur during this period [10].
However, a few cases have been reported after 15 days of
treatment, particularly with LMWH [32], but never after one -
month. Itis therefore logical to maintain monitoring of platelets for
one month, but with a lower frequency after 15 days of treatment.
Beyond that, the risk of HIT becomes very low and no control of PC
is necessary.

Question 3: What are the circumstances that should evoke the
diagnosis of HIT?

Proposal # 7
Whatever the risk of HIT, it is proposed to systematically
monitor the platelet count of any patient treated with heparinin
the event of an unexpected clinical event: onset or aggravation
of venous or arterial thrombosis, skin necrosis or unusual
reaction after heparin injection (chills, low blood pressure,
dyspnea, amnesia. . .).
(STRONG AGREEMENT)

Rationale
Two particularities characterise HIT:

e the chronology of thrombocytopenia in relation to heparin
administration;

o the rarity of haemorrhagic manifestations and the frequency of
venous and/or arterial thrombotic events.

Thrombocytopenia or a sharp and sudden decrease in platelet
count typically occurs between days 5 and 14 of heparin therapy.
However, this delay may be shorter (before 5 days), or even as early
as the first day of treatment in patients who have been recently
exposed to heparin in the previous 3 months [10]. It may also be
longer, especially with LMWH, and may exceed 3 weeks [32].

The diagnosis should be made in the presence of a platelet
count < 100 G.L™! and/or a decrease in the platelet count > 50%
compared to a previous value, most often obtained at the

beginning of treatment. Thrombocytopenia is typically moderate,
ranging from 30 to 70 G.L~! in 80% of patients.

Consumption coagulopathy (DIC) is also possible and does not
exclude the diagnosis of HIT. It actually aggravates thrombocyto-
penia. In intensive care patients or in the postoperative period, the
coexistence of other pathologies (sepsis, haemorrhages, massive
transfusions, DIC...) can also lead to deeper thrombocytopenia.

More rarely, thrombotic complications may occur in the
absence of thrombocytopenia, but there is almost always a
relative decrease in platelet count.

The existence of venous and/or arterial thrombotic events
under heparin is very suggestive of HIT. Deep vein thrombosis
affects up to 50% of patients, which justifies for some clinicians
their systematic search by a Doppler ultrasound examination of
the lower limbs in case of suspicion [33]; pulmonary embolism
occurs in 10 to 25% of cases.

Arterial thrombosis is the most typical event, although less
frequent. All territories can be affected, but more frequently
abdominal aorta and its branches.

Venous gangrene in the limbs is very rare, and can complicate
HIT when treatment with a vitamin K antagonist (VKA) has been
initiated without being combined with another effective anti-
thrombotic agent [34], or if HIT is diagnosed at the time of a
heparin/VKA relay.

The classic heparin resistance with an extension of the initial
thrombotic process is also a possible but rare discovery circumstance.

Neurological complications occur in approximately 10% of
patients, with ischemic stroke, cerebrovascular thrombosis,
confounding conditions or transient amnesia occurring in decreas-
ing order of frequency.

Other clinical manifestations that may lead to the suspicion of
HIT are rare: cutaneous necrosis at heparin injection sites is most
typical [11,35,36,111] and can be inaugural, preceding the drop in
platelet count; cutaneous erythema is also possible, but not
definitely related to HIT, particularly with LMWH [37], is
exceptional.

Haemorrhagic complications are also rare, as well as haemor-
rhagic necrosis of the adrenals, which are promoted by DIC and
associated with higher mortality.

An unusual reaction after injection of heparin has sometimes
been reported, particularly in the context of haemodialysis;
hypotension, chills, anaphylactic reaction.

All clinical manifestations and data on the evolution of platelet
count can be analysed to define a pre-test diagnostic probability
score, which can help in the prescription of biological analyses, and
4T is the most widely used in clinical practice (question # 4).

Question 4: What are the other possible causes of
thrombocytopenia in a patient on heparin and how to
define the clinical probability of HIT?

Proposal # 8
In case of suspicion of HIT, itis proposed to define the clinical
probability of HIT using the 4T score, outside a cardiac surgery
context.
(STRONG AGREEMENT)

Rationale

Heparin thrombocytopenia is often due to potential causes other than
HIT that should be identified

1. Under UFH, early and moderate thrombocytopenia may occur
within the first two days of treatment, resulting from a direct pro-
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aggregating effect of UFH. However, it may also exceptionally
reflect early HIT after reintroduction of heparin in a patient
sensitised by heparin therapy within the previous 3 months.

2. Other causes of isolated thrombocytopenia are possible,
particularly in the intensive care patient [38] or after surgery:

e perioperative haemodilution and platelet consumption in
extracorporeal circuits or counterpulsion with an intra-aortic
balloon are clinical circumstances that are most often easily
identified;

e consumption thrombocytopenia is also common at the end of
cardiac surgery, in the case of ventricular assistance, or
extrarenal epuration, all of which are at significant risk of
HIT;

e post-transfusion purpura, linked to alloimmunisation, should
also sometimes be considered (typically major and sudden
decrease in platelets and haemorrhagic context). Its diagnosis is
urgent given the risk of severe bleeding and the need for specific
treatment;

o the use of GPIIb-Illa glycoprotein inhibitors in acute coronary
syndromes is potentially complicated by early and often
profound thrombocytopenia;

e the imputability of other drugs potentially responsible for
immune thrombocytopenia in intensive care [39] or certain
antimitotic chemotherapies is also to be mentioned.

3. When thrombocytopenia is associated with venous or arterial
thrombotic complications, other aetiologies than HIT should be
considered. These are mainly antiphospholipid syndrome [40],
thrombotic thrombocytopenic purpura and DIC. Thrombocytope-
nia and thrombosis can also be observed in patients with cancer,
with a clinical picture of pseudo-HIT.

Potential causes of thrombocytopenia other than HIT will
therefore be considered in assessing the clinical probability of
HIT.

The clinical probability of HIT is assessed by the 4T score

The clinical probability of HIT is assessed by the 4T score [2,41],
based on four major criteria and 0, 1 or 2 points are assigned for
each of them (Fig. 1).

The 1st T depends on the number of platelets at the time of suspicion
(thrombocytopenia)

Thrombocytopenia is generally never profound (often between
30 and 70 G/L) and remains > 20 G/L. In addition, an authentic HIT
can be observed without actual thrombocytopenia, but a decrease
in platelet count of at least 50% from the highest count before
suspicion is highly predictive (2 points). On the contrary, a drop of
less than 30% in the PC or a PC < 10 G/L is not in favour of HIT
(0 point).

The 2nd T depends on the time of onset of thrombocytopenia (Timing)

In typical cases, a decrease in platelet count is observed 5 to
10 days after initiation of heparin therapy (2 points) or earlier if
heparin therapy has been administered within the previous
3 months (1 point).

The 3rd T depends on the presence or absence of venous and arterial
thromboembolic events or other clinical events associated with
thrombocytopenia (thrombosis)

Thrombotic complications are sometimes obvious, but
some thromboses may be asymptomatic. Some practitioners
have therefore suggested that they should be systematically
researched by a Doppler ultrasound examination of the lower
limbs [4].

The 4th T depends on whether or not there is another potential cause of
thrombocytopenia (other)

This aspect is the most difficult to evaluate because patients often
have associated pathologies (sepsis, liver disease. ..) and treatments
(chemotherapy, antibiotics, diuretics. . .) that are potentially a cause
of thrombopenia. Another acute haematological pathology must
always be sought and rigorous analysis of the blood count is
therefore necessary. Antiplatelet alloimmunisation should also be
considered in the case of recent administration of labile blood
products. However, non-heparin-related transfusional or drug-
related thrombocytopenia is often more severe than that associated
with HIT, and complicated by bleeding and not thrombosis.

Each item in the 4T being scored from 0 to 2, the total score may
reflect a low probability of HIT if it is < 3, intermediate if it is equal
to 4 or 5 or high if it is > 6.

In patients who have undergone cardiac surgery with CPB, this
score is more difficult to apply and the analysis of the post-
operative evolution profile of platelet count is more efficient.
Indeed, a “biphasic” evolution profile of platelet count is equi-
valent to a 4T score > 6, with a high probability of HIT [21,42]. In
intensive care patients with multiple pathologies, the 4T score is
also difficult to assess due to co-morbidities and multiple
treatments, and can be thus compromised [43].

Question 5: What are the biological tests to be performed when
there is a suspicion of HIT?

Proposal # 9
In case of suspicion, it is proposed to look for anti-PF4
antibodies as soon as possible if the clinical probability of
HIT is intermediate or high.
(STRONG AGREEMENT)

Rationale

The discovery of thrombocytopenia in a patient treated with
heparin should be systematically controlled by examining the
sample tube for a clot and the smear to exclude the presence of
aggregates. A new citrate sample often ruled out false thrombocy-
topenia on EDTA.

Simple haemostasis tests (PT, aPTT, fibrinogen, D-dimers or
fibrin monomers) should also be prescribed in order to look for DIC,
possible in some severe HIT and therefore not excluding this
diagnosis.

Two categories of specific tests can be used to identify antibodies
associated with HIT [44], each with advantages and disadvantages.

Immunological tests

Immunological tests detect antibodies of the IgG, IgM, IgA
isotype specifically directed against modified PF4. They are semi-
quantitative (ELISA or chemiluminescent tests) or qualitative
(agglutination, immunofiltration, immunoturbidimetry...), have
excellent sensitivity and are easy to carry out. These tests should be
performed as soon as possible to quickly rule out the diagnosis of
HIT and guide the clinician towards finding another aetiology of
thrombocytopenia. Their negative predictive value is excellent
[45], but their specificity is less good since anti-PF4 antibodies can
appear without being associated with HIT, particularly after
cardiac surgery, after which they are present in nearly one out of
two patients. The specificity and especially the positive predictive
value (PPV) of immunoassay can however be improved by using a
method that specifically detects IgG antibodies and expresses the
result quantitatively, most often by specifying the measured
absorbance value [46]. Another approach is to test whether a high
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I HIT suspected I

PT, aPTT, Fibrinogen, D-dimers |,
or fibrin monomers

v

+ Ultrasound screening of lower
limbs (or upper limbs if catheter)

v
Calculate 4T score (Pre-test score of clinical probability)*

Thrombocytopenia | Fallin PC >50% & No surgery in the previous 3 days & PC nadir2 20 G/L 2
: define the
percentage of Fall in PC >50% but surgery in the 3 previous days 1
platelet count (PC) | Fall in PC between 30 and 50%
fall PC Nadir between 10 and 19 G/L
Fall in PC <30% 0
PC Nadir<10 G/L
Timing of 5 to 10 days after start of heparin 2
Platelet count fall OR within 24h after start of heparin & exposure to heparin in the previous 5 to
(day 0 = 1stday of | 30 days
t t
:\&r:ro:)n Uncertain PC fall 5 to 10 days after start of heparin 1
OR > 10 days, OR within 24h after start of heparin & exposure to heparin in
the previous 30 to 100 days
PC fall s 4days without previous exposure to heparin in the 100 previous days
Thrombosis New confirmed thrombosis, arterial or venous
Or other clinical Skin Necrosis
event Systemic Réaction after IV injection of heparin
Extension of previous thrombose or recurrent event 1
Suspicion of thrombosis not confirmed
Erythematous skin reactin after injection of heparin
No event 0
Autres causes No evident explanation for PC fall
gﬁf:::'::p:z,e Possible other cause for PC fall 1
Certain other cause for PC fall 0
PC: platelet count; * 4T not suitable after cardiac surgery : prefer to analyze the PC evolution after surgery Score
0-3: low probability | | 4-5 : intermediate probability [ | 6-8: high probability |
T I
l | Anti-PF4 antibody testing I Discontinue heparin, & start non-heparin
HIT unlikely: Continue l anticoagulant at curative dose
heparin if indicated; . " ] :
Fio oliser lab leat If nr::hm ’:;:;hé heparin sm‘) :'n: u;:l;y:g:; a I Immunoassay for anti-PF4 antibodies I
necessary X I
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Continue or prescribe a non- ‘ l
heparin anticoagulant

|Fme|lonalassay‘ || Functional assay |

| Functional assay I l

'

+

I Positive I | Negative |

|Positive|

| Negative “ Positive |

‘ I I | 4 3 !
| Hunikey | | HITikely | | Multidisciplinary | | HIT iikely |
l consultation
Resume (or continue) 1. If high probability of HIT and clearly positive
heparin if indicated immunoassay, a functional test is not mandatory

Fig. 1. Algorithm of clinical and biological diagnosis of heparin-induced thrombocytopenia (HIT).
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concentration of heparin decreases the absorbance measured in
ELISA, this result being specific for anti-PF4 antibodies associated
with HIT [47]. However, this procedure, which is recommended for
low levels of antibodies (OD < 1) [48], is rarely applied and its
usefulness is controversial [49].

Functional or platelet activation tests

Functional or platelet activation tests show the presence in the
patient’s plasma or serum of IgG isotype antibodies capable of
activating the platelets of a control subject in the presence of
heparin [50].

These tests can be performed on platelet-rich plasma, such as
platelet aggregation tests (PAT), or after washing platelets, which
sensitises the detection of activating antibodies. In the latter case, a
distinction is made between the radiolabelled serotonin release test
or SRA, which is considered a “gold standard” test, and the Heparin-
Induced Platelet Activation (HIPA) test, which is rarely used in France.
The search for heparin-dependent antibodies can also be performed
on whole blood using an impedance technique [51]. Nevertheless,
tests carried out on washed platelets are still considered as the most
sensitive methods with specificity close to 100%. The use of platelets
from several controls and/or selected controls increases the perfor-
mance of functional tests, including platelet aggregation tests (PAT).

The SRA (requiring the use of carbon 14) and HIPA tests are long
and delicate, and are reserved for a few expert laboratories. Other
approaches such as flow cytometry have been adapted for the
biological diagnosis of HIT [50] but have been little used and have
yet to be validated.

Question 6: What is the initial management of a patient with
suspected TIH?

Proposal #10
If the pre-test probability is low (4T < 3), diagnosis of HIT can
be excluded and treatment with heparin can be continued
without specific bioassays. The search for an aetiology of
thrombocytopenia with close monitoring of platelet count
must be carried out.
(STRONG AGREEMENT)

Proposal #11
If the pre-test probability is intermediate (4T = 4 or 5) or high
(4T > 6), biological tests must systematically be performed to
detect anti-PF4 antibodies.
(STRONG AGREEMENT)

Proposal #12
If the clinical probability is intermediate and the search for
anti-PF4 antibodies is negative, the diagnosis of HIT is excluded
and heparin therapy can be continued or resumed, with close
monitoring of platelet count.
(STRONG AGREEMENT)

Proposal #13
When the clinical probability of HIT is high (4T > 6 or ECC
with biphasic platelet count progression profile), heparin ther-
apy should be stopped immediately and replaced by non-
heparin anticoagulant therapy with curative doses, without
waiting for the results of biological tests.
(STRONG AGREEMENT)

Proposal #14
If the clinical probability is intermediate or high and a
significant titre of anti-PF4 antibodies is detected, a functional
test should be performed. If positive, the diagnosis of HIT is
confirmed.
(STRONG AGREEMENT)

Rationale

The management of suspected HIT is based on a concerted and
rapid clinical and biological approach, which is critical to the
management of antithrombotic therapy and to the patient’s
prognosis.

The first step is to define the clinical probability of HIT,
especially with the 4T score, and if it is low, another aetiology of
thrombocytopenia should be investigated without specific biolog-
ical analyses in accordance with the British [3] and ASH [4]
proposals. However, a testing for anti-PF4 antibodies may be
discussed for patients where the 4T is difficult to define, especially
in the case of missing data.

In other cases (intermediate or high clinical probability), a
blood sample for the detection of anti-PF4 antibodies should be
collected as soon as possible.

Essential point: the decision to discontinue heparin and replace
it with another immediate antithrombotic should not be delayed
by waiting for the laboratory results.

Immunological tests are performed as first-line tests and a
functional test is performed only if the detection of anti-PF4
antibodies is positive, especially in cases where the pre-test
probability is intermediate.

In case of a high pre-test probability, associated with the
presence of a relatively high titre of anti-PF4 antibodies in ELISA
(e.g. OD greater than 2), the diagnosis of HIT can be confirmed
without the need for a functional test [4,52]. However, this
approach is only applicable if anti-PF4 antibodies are tested by
quantitative immunological tests. When 4T is high, a functional
test is recommended if the immunological search for anti-PF4
antibodies is negative, as rare HIT cases with anti-IL8 antibodies
have been reported [53].

When the clinical probability is intermediate and the laboratory
can perform an immunological or functional test with a short
response time (< 3 hours after sampling), the clinician may
consider waiting for the results before modifying the anticoagulant
treatment (Fig. 1).

For any suspicion of HIT, it is important to achieve a clear
diagnostic conclusion that takes into account all the information in
the file and it is mandatory to report each case to the Regional
Pharmacovigilance Centre.

In conclusion, the diagnosis of HIT requires a concerted effort
between clinicians and biologists, particularly in view of the
immediate (choice of antithrombotic treatment) and secondary
(possibility of a subsequent prescription of an antithrombotic
treatment) issues.

Question 7: What are the alternative anticoagulants that can be
used in HIT after stopping heparin? How to prescribe them in
the acute phase?

Proposal # 15
Anticoagulants for use in the acute phase of HIT include
argatroban, bivalirudin, danaparoid, and fondaparinux, and
direct oral anticoagulants.
(STRONG AGREEMENT)
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Proposal # 16
Danaparoid is not recommended as a first-line treatment for
HIT in severe renal failure.
(STRONG AGREEMENT)

Proposal # 17
Prophylactic doses of danaparoid are not recommended for
the treatment of acute HIT. Curative IV doses are more effective
and necessitate the monitoring of anti-Xa activity (with a
specific calibration curve).
(STRONG AGREEMENT)
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prescribe as a priority an injectable anticoagulant of "2 short
life, argatroban or bivalirudin, combined with strict biological
monitoring.

3. In a patient with severe HIT (massive PE, extensive or
arterial thrombosis, venous gangrene, coagulopathy of con-
sumption), itis proposed to prescribe argatroban or bivalirudin
as a priority injectable treatment combined with strict biologi-
cal monitoring.

4. In a patient with severe renal impairment (creatinine
clearance < 30 mL/min), only argatroban can be used.

5. In a patient with severe hepatic impairment (Child-Pugh
C), bivalirudin, danaparoid or fondaparinux may be used.

(STRONG AGREEMENT)

Proposal # 18
If the platelet count is not corrected, or if a thrombosis under
danaparoid appears or spreads, it should be replaced by
another anticoagulant.
(STRONG AGREEMENT)

Proposal # 19
It is proposed to use argatroban as a priority for the treat-
ment of HIT in severe renal failure. This anticoagulant is
contraindicated in severe liver failure (Child-Pugh C). It must
be used in a specialised structure.
(STRONG AGREEMENT)

Proposal # 20
It is proposed that the initial dose of argatroban be 1 pg/kg/
min and reduced to 0.5 pg/kg/min in patients with resuscitation,
cardiac surgery and moderate hepatic failure (Child-Pugh B).
(STRONG AGREEMENT)

Proposal # 21
Biological monitoring of argatroban treatment should be
applied daily. It may be based on aPTT (if normal before
treatment) to maintain between 2 and 3 times the control
value, or preferably on other more specific assays such as
diluted thrombin time or ecarin test (proposed therapeutic
window = 0.5 to 1.5 pg/mL).
(STRONG AGREEMENT)

Proposal # 22
It is recommended that AVK be prescribed for the acute
phase of HIT only when platelet count is corrected (> 150 G/L)
as a supplement to parenteral treatment.
(STRONG AGREEMENT)

Proposal # 23

In acute HIT

1. In a stable patient with no severe renal or hepatic im-
pairment and no risk of bleeding (absence of comorbidity or
recent or expected invasive procedure in the short-term), all
available non-heparin anticoagulants can be prescribed, but
the simplicity of use of fondaparinux and DOACs (without
specific biological monitoring) justifies that they can be pro-
posed as first-line alternative treatments, of after the use of
danaparoid or argatroban.

2. In an unstable patient, or a patient at risk of bleeding
(comorbidity or recent or planned invasive procedure in
the short-term), or in intensive care units, it is proposed to

Rationale

Danaparoid sodium has long been the most commonly
prescribed antithrombotic agent to relay heparin in cases of
suspected HIT. Then, it was possible to use lepirudin, a direct
antithrombin molecule, but this drug is no longer available in
France since 2012. In recent years, argatroban, another synthetic
antithrombin agent, fondaparinux and, more recently, direct oral
anticoagulants (DOACs) have flourished. The use of the latter two
drugs, although not officially authorised in HIT, is increasingly being
proposed [4]. Bivalirudin, which has also been widely used in
several countries, is no longer available in France today, but generics
are expected to be available soon. Finally, vitamin K antagonists
(VKAs) are potentially dangerous in the acute phase of HIT.

Danaparoid sodium

1. Danaparoid sodium is an extraction heparinoid (derived like
several LMWH from pig intestine) that contains heparan sulfate,
dermatan sulfate and chondroitin sulfate. Its anticoagulant activity
is mainly related to its anti-Xa activity, associated with a low anti-
Ila activity. It does not prolong prothrombin time and does not
usually increase the aPTT. The elimination half-life of the
danaparoid’s anti-Xa activity is long, about 25 hours. The anti-la
activity is shorter, about 7 hours, but it is longer in case of renal
failure, a situation where argatroban is preferable. The labelled
indications of danaparoid include the prophylactic and curative
treatment of thromboembolic events in patients with HIT or a
documented history of HIT. This drug is the oldest used in the
treatment of HIT [47] although it has been evaluated in only one
randomised trial [54] and two retrospective historical cohorts
[55,56].

2. Danaparoid sodium can be administered subcutaneously
(2 or 3 injections/day) or continuously intravenously, usually
preceded by a bolus. The dosage varies according to the clinical,
medical or surgical situation and protocols adapted to each
situation have been established.

When used intravenously with curative doses, danaparoid is
prescribed with an intravenous loading dose that varies by weight
(1250 U 1V if weight <55 kg; 2500 U IV if 55 < weight < 90 kg;
3750 U IV if > 90 kg) and a continuous intravenous maintenance
dose of 400 U/h for 4 h, 300 U/h for the next 4 h, then 150 to
200 U/h for the duration of treatment to be adjusted according to
the anti-Xa plasma activity (0.5-0.8 U/mL, assay with specific
calibration).

In paediatrics, the initial dose of danaparoid for a thrombosis
is 30 U/kg (IV bolus) followed by a maintenance dose of 1.2 to
2.0U kg/h.

The IV route is preferable, but if the subcutaneous route is
preferred with curative doses, the maintenance dose of danaparoid
varies according to weight: 1500 U SC 2 times/day if weight
< 55 kg; 2000 U SC 2 times/day if 55 < weight < 90 kg; 1750 U SC
3 times/day if weight > 90 kg.
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Importantly, the analysis of 294 patients treated with
danaparoid in the acute phase of HIT concluded that prophylactic
doses are less effective than higher doses administered by
continuous IV [55].

Danaparoid can be prescribed in preventive doses in a patient
with a previous history of HIT at the following doses: 750 U SC
2 times/day if the weight <90 kg; 1250 U SC 2 times/day if the
weight > 90 kg.

The summary of product characteristics (SPC) details the
protocols adapted to different clinical situations (cardiac cathe-
terisation, coronary angioplasty, arterial embolectomy, peripheral
vascular bypass, cardiopulmonary surgery, periodic haemodialy-
sis, daily dialysis, continuous haemofiltration), some of which are
discussed in question 11.

3. Monitoring of treatment is necessary in the majority of cases,
especially in cases of bleeding risk or renal failure, since
danaparoid is mainly eliminated by the kidney. It is also
recommended in cases of cachexia and in patients with a
weight > 90 kg. It is ensured by measuring the anti-Xa activity,
with an adapted dosage method calibrated with specific calibra-
tions. According to the SPC, the anti-Xa activity should be
maintained between 0.5 and 0.8 U/mL for the treatment of acute
HIT [3].

A risk of cross-reactivity in vitro of danaparoid with antibodies
present in HIT patients exists in 5 to 10% of cases, but the clinical
consequences that may result are rare [57]. Danaparoid therapy
can therefore be initiated without waiting for the results of an in
vitro cross-reactivity test, which is not mandatory, but platelet
counts should be monitored daily until normalised and then twice
weekly for the first two weeks of treatment [58]. In the latter case
(thrombosis or extension), a control of the anti-Xa activity allows
to verify that it is not below 0.5 U/mL.

4. In case of overdose, transient discontinuation of danaparoid
is proposed in combination with monitoring of specific anti-Xa
activity. In cases of severe bleeding, the use of protamine is not
proposed by the danaparoid SPC, although it partially neutralises
its anticoagulant activity. Plasmapheresis may be considered in the
event of uncontrollable bleeding.

5. The danaparoid sodium-VKA switch is only initiated when
the thromboembolic risk is well controlled (usually after 5 to
7 days of treatment), and when the platelets are above 150 G/L. It is
recommended to stop danaparoid only when the INR is in the
therapeutic window (between 2 and 3) for two consecutive days
and after a minimum duration of 72 hours of VKA treatment.

Argatroban

1. Argatroban (Arganova® in France) is a synthetic anticoagu-
lant, which specifically and directly inhibits thrombin, whether

Table 2

free or thrombus-related. It has a short onset of action and a short
elimination half-life of less than one hour (52 + 16 min). In
continuous IV infusion, plasma levels reach steady state within
1 to 3 hours (faster if bolus injection).

The efficacy and safety of argatroban in HIT were initially
evaluated in two prospective multicentre studies (ARG-911 and
ARG-915) involving 882 patients with HIT with or without
thrombosis, and compared to historical controls [59,60], and more
recently in a French study [61].

The metabolism of argatroban is mainly hepatic. Argatroban is
therefore contraindicated in cases of severe liver failure (Child-
Pugh score C). In patients with moderate hepatic insufficiency
(Child-Pugh B score), its clearance can be reduced by a factor of
4 and its half-life multiplied by 3 [62], necessitating a much lower
initial dose.

Argatroban is not eliminated by the kidney unlike sodium
danaparoid and is therefore preferred in cases of renal failure.

Argatroban contains ethanol. A 70 kg patient in whom the
maximum recommended dose (10 micrograms/kg/min) is admin-
istered therefore receives a dose of approximately 4 g ethanol per
day.

2. In acute HIT with or without thrombosis, the initial dosage
recommended in the SPC is most often too high (2 j.g/kg/min) and
associated with marked prolongation of aPTT and bleeding
complications [61]. In patients with impaired liver function, such
as after cardiac surgery and in intensive care, the initial dose
should be significantly reduced and most often close or equal to
0.5 pg/kg/min. The dosage may be adjusted in patients with multi-
visceral failure according to APACHE II, SOFA or SAPS [63] severity
scores (Table 2) [64]. In obese patients, the initial dose is calculated
on the actual weight [65].

3. Argatroban prolongs routine coagulation tests such as the
prothrombin time (PT) (and therefore increases INR) and aPTT. The
latter can be used as a first-line treatment-monitoring assay [57],
but it must be measured before treatment is started to check its
“normality”. A stable anticoagulant effect is usually achieved only
1 to 3 hours later. The first check should therefore be performed
2 to 3 hours after the start of the infusion. The recommended target
value is 1.5 to 3 times the initial value, but not more than
100 seconds, and aPTT should be measured at least once a day; it
has the advantage of being available in all laboratories. However,
prolonged aPTT before treatment (common in intensive care, after
cardiac surgery or in cases of liver failure) sometimes makes it
impossible to use this assay for monitoring argatroban. In addition,
the effect of argatroban on aPTT depends on the reagent and
coagulometer used, and a plateau effect is observed at the upper
end of the therapeutic range. Therefore, aPTT is not ideal for the
follow-up of a thrombin inhibitor [66] in an unstable clinical
context such as HIT, and a target value well below 100 s must be

Adjustment of argatroban dosage according to Acute Physiology And Chronic Health Evaluation (APACHE II), Sequential Organ Failure Assessment (SOFA) and Simplified

Acute Physiology Score (SAPS) scores. According to Alatri et al. [55].

Score APACHE 11 Argatroban (g/kg/min) Score SOFA Argatroban (g/kg/min) SAPS Argatroban (g/kg/min)
15 1.25 10 1.28 30 1.16
16 1.19 11 1.19 32 1.10
17 1.13 12 1.10 34 1.04
18 1.07 13 1.01 36 0.98
19 1.01 14 0.92 38 0.92
20 0.95 15 0.83 40 0.86
21 0.89 16 0.74 42 0.82
23 0.77 17 0.65 44 0.74
25 0.65 18 0.56 46 0.68
27 0.53 19 0.47 50 0.56
29 0.41 20 0.38 55 0.41
32 0.23 21 0.29 60 0.26
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maintained to reduce the risk of bleeding. However, the level of
anticoagulation may not be optimal in some cases with pre-
therapeutic prolongation of aPTT [67].

Other more specific tests with a linear dose-response relation-
ship are available [61]: ecarin clotting time (ECT) and diluted
thrombin time (TTd), which both allow the accurate measurement
of circulating argatroban levels, with an ideal target value between
0.25 and 1.5 pg/mL [61]. A prescription and monitoring algorithm
using aPTT and TTd, potentially useful in clinical practice, was
proposed by Rozec et al. in 2014 [64] (Fig. 2).

4. The argatroban-AVK switch is delicate because this
antithrombin molecule prolongs the prothrombin time. After the
introduction of VKA (coumadin), argatroban should only be
stopped when INR value is at least equal to 4 according to
the algorithm below (Fig. 3).

Bivalirudin

Bivalirudin, a synthetic molecule, is a direct thrombin inhibitor
[68]. It also prolongs the prothrombin time and its elimination
half-life is short, about 25 min if renal function is normal. Its
elimination is mainly enzymatic (80%) and renal (20%).

Therapeutic indications include percutaneous coronary inter-
vention and cardiac surgery in patients with heparin-induced
thrombocytopenia or high risk of bleeding.

Bivalirudin is the most studied drug in patients with HIT and
requiring cardiac surgery or a transluminal angioplasty (see
questions #10 and #11). Bivalirudin is currently no longer
available in France. However, generics may be prescribed in other
European countries.

Bivalirudin is administered exclusively intravenously, has no
antidote, and is partially haemodialysable (25%).

Fondaparinux

Fondaparinux (Arixtra® in France), is a synthetic pentasac-
charide specifically inhibiting factor Xa, and has been used for
many years in the treatment of HIT, although it was not licensed in
this indication, and few cases have been published without any
controlled studies.

In 2012, the British guidelines suggested that fondaparinux
could be used to treat HIT but only with curative doses [3], taking
into account the patient weight (5 mg if < 50 kg, 7.5 mg if 50-
100 kg, and 10 mg if > 100 kg), age and kidney function. Since
then, other data have supported the use of fondaparinux. A
retrospective study compared 133 patients treated with fondapa-
rinux with matched control patients using a propensity score. The
efficacy and safety of fondaparinux was considered comparable to
that of argatroban or danaparoid administered to patients in the
control group [69]. Analysis of a German registry of 195 HIT
patients also showed that nearly half of them (n = 83, 43.1%) were
treated with fondaparinux despite not licensed in this indication,
without complication or death, while 11.7% of cases treated with
an approved anticoagulant (sodium danaparoid, and argatroban in
particular) had complications (thrombosis, skin necrosis, ampu-
tations) with an intra-hospital mortality of 14.4% [70]. These data
explain why the ASH Expert Group proposed fondaparinux as an
acceptable therapeutic option for the treatment of HIT in 2018 [4],
but preferably in a stable patient (Proposal # 24).

There are also several arguments in favour of using fondapa-
rinux in HIT: it has no cross-reactivity with anti-PF4 antibodies,
unlike sodium danaparoid; it is easy to administer (one daily
subcutaneous injection), and requires no dosage adjustment or
specific bioassay; it has no effect on aPTT, whose prolongation thus
shows more reliably an underlying coagulopathy, nor on Quick
time and INR, which facilitates a relay by AVK; finally, the cost of

treatment with fondaparinux is lower than that of danaparoid or
argatroban [71].

Fondaparinux is eliminated exclusively by the kidney and
haemorrhages associated with its use in renal failure have been
reported, particularly after cardiac surgery [72]. This drug should
therefore not be used in cases of severe renal failure and should be
avoided if the patient’s clinical condition is unstable.

Direct oral anticoagulants

Direct oral anticoagulants (DOAs) currently include a thrombin
inhibitor (dabigatran or Pradaxa®) and several Xa inhibitors,
rivaroxaban (Xarelto™), apixaban (Eliquis®) and edoxaban
(Lixiana®™) more recently approved in France. DOACs are widely
prescribed in atrial fibrillation but also in venous thromboembolic
disease, particularly Xabans. These reasons explain why they were
logically proposed to treat HIT.

In 2012, Krauel et al. demonstrated that both dabigatran and
rivaroxaban had no effect on the interactions between PF4 or PF4/
heparin complexes and platelets [73]. Then, several articles
reported isolated cases or small series of patients with HIT,
treated with dabigatran, rivaroxaban and more rarely apixaban. In
2015, Sharifi et al. reported 22 patients initially treated with low
doses of argatroban and then with dabigatran (n = 6), rivaroxaban
(n=11) or apixaban (n=5). Five patients presented a new
thrombotic episode, suggesting a very relative efficacy of DOACs,
but this retrospective study was questionable because the
diagnosis of HIT was not always very well documented (no
bioassay in 2 cases) and the initial treatment with argatroban was
not optimal [74].

In 2016, Linkins et al. presented the results of the only
prospective study that evaluated a DOAC in HIT [75]. This drug was
rivaroxaban, but the strict inclusion criteria allowed only
22 patients to be included, with only 12 HIT cases confirmed by
the SRA. All patients were treated with rivaroxaban 15 mg bid,
continued in case of confirmed HIT until thrombocytopenia was
corrected or until D21 in case of thrombosis. Then, the dosage was
reduced to 20 mg per day (2 x 10) until D30. Of the 12 cases of HIT,
6 had thrombosis and/or adrenal haemorrhagic necrosis. It should
also be noted that 6 patients had received fondaparinux before
inclusion for 2 or 3 days. The evolution of platelet count was
favourable in 9 of the 10 cases with initial thrombocytopenia after
a delay varying between 3 and 29 days. The 10" patient died on
D21 of metastatic gastric cancer. Only one patient had a
thrombotic recurrence with an extension of venous thrombosis
of the upper limbs. Another study involving 9 patients with HIT
complicated by thrombosis also reported an efficacy of rivaroxa-
ban since in all cases the clinical and biological evolution was
favourable [76].

In 2017, Warkentin et al. reviewed the literature according to
whether patients were treated by a DOAC in the acute or subacute
phase of HIT as 1%t or 2™ line after at least one dose of
fondaparinux, danaparoid sodium, argatroban or bivalirudin. They
concluded that DOACs are a possible option for the treatment of
HIT. Based on this analysis and data from an additional study [77]
(Table 3), ASH experts [4] proposed rivaroxaban to treat patients
who do not have life-threatening and/or functional thrombosis,
while injectable anticoagulants were preferred in more severe
cases.

Apixaban, which is also an anti-Xa with a good benefit/risk
ratio, is probably also an option in the same way as rivaroxaban.

Our proposal is therefore that DOACs may in some cases be an
option for the treatment of HIT (proposals #15 and #24), but their
prescription should not lead to neglecting the necessary approach
to the diagnosis of HIT, and in particular the prescription of
confirmatory biological tests.
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Argatroban prescription algorithm for HIT

Argatroban is contraindicated in cases of severe liver failure (Child-Pugh C) and fructose intolerance

Post-cardiac surgery
Resuscitation patient

therapeutic range

and resume at a
rate half the
previous rate

therapeutic range

and resume at a
rate half the
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|
n Moderate hepatic insufficiency (Child-Pugh B)
i
: | !
a 0 Yes
' i 1
D
o 1 ng/kg/min 0.5 png/kg/min
s
e Renal insufficiency: no dosage adjustment
Obese: dose calculated on the actual weight
| Contact the haemostasis laboratory I
aPTT normal before argatroban ?
M Yes No
o
n
t' Monitoring by the Monitoring by ECT
o aPTT OrdTT
r
a } }
9 aPTT ratio = ECT &dTT:
1.5-3 (& aPTT <100 sec) 0.5-1.5 ug/ml
ECT: Ecarin clotting time;
dTTd : diluted thrombin time; aPTT: activated partial thromboplastin time;
Standard treatment Treatment at low doses
Start of infusion at 2 ug/kg/min Start of infusion at 0,5 pg/kg/min
Monitoring Dosage changes Next assay Dosage changes Next assay
2 Under-dosing | Increase of 0,5 ug/ 2 h later Increase of 0,1 ug/ 4 h later
s kg/min kg/min
a
g Therapeutic No change 2 h later, then No change 4 h later, then
e range once a day once a day after
A after 2 assays 2 assays within
d within the the therapeutic
,f, therapeutic range
s range
t
m Overdosage Stop the infusion 2 h later Stop the infusion 4 h later
e until the monitoring until the monitoring
? testis in the test is in the

Fig. 2. Algorithm for prescribing and monitoring argatroban in heparin-induced thrombocytopenia (HIT).



302 Y. Gruel et al./Anaesth Crit Care Pain Med 39 (2020) 291-310
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Fig. 3. Modalities of the argatroban-vitamin K antagonist (VKA) switch according to Rozec et al. [64].

Table 3

Main results obtained with anti-Xa DOACs in the treatment of HIT; according to Warkentin et al. [77], Davis and Davis [112] and Cuker et al. [4].
DOAC n HIT with thrombosis DOAC as a 1°¢ treatment Thrombosis Major bleeds
Rivaroxaban 49 31 (63%) 25 (51%) 1/49 0/49
Apixaban 21 8 (38%) 7 (33%) 0/21 0/21
Dabigatran 11 6 (55%) 3(27%) 1/11 0/11

HIT: heparin-induced thrombocytopenia.

Rivaroxaban with curative doses (15 mg x 2/day until D21 or
complete and stable correction of thrombocytopenia), then 20 mg/
day for at least one month, whether or not there are thrombotic
complications, is preferred as the most evaluated DOAC in this
situation.

Vitamin K antagonists (VKA)

VKA should never be used alone in the acute phase of HIT as
they can promote the spread of venous thrombosis, their
progression to gangrene or the development of skin necrosis at
this stage [7]. VKA are administered only under the cover of
effective parenteral anticoagulant therapy (danaparoid sodium or
argatroban). Coumadin is preferred and administered as soon as
possible, when platelet re-ascension is confirmed (platelets
> 150 G/L). The danaparoid sodium-coumadin and argatroban-
coumadin switches require precautions as described above.

In addition, the British and ASH proposed that VKA should be
stopped in patients with acute or subacute HIT previously treated,
and vitamin K injected before starting the non-heparin anticoagu-
lant [3,4].

Practical modalities for the use of non-heparin anticoagulants in the
acute phase of HIT

The choice of treatment (argatroban, bivalirudin, danaparoid,
anti-Xa DOACs or fondaparinux) will be influenced by several
factors, some of which are specific to the usable drugs (availability,
biological monitoring modalities, route of administration, %2
elimination life, cost) and others are more patient-related (renal
and hepatic functions, clinical condition, severity of associated
thrombosis, risk of spontaneous bleeding or caused by a
procedure). The clinician’s experience will also be an element

that will guide the choice. The duration of non-heparin anticoagu-
lant therapy is at least 4 weeks in patients with isolated
thrombocytopenia, and at least 3 to 6 months in other cases
depending on the site and severity of associated thrombosis [3,4].

Question 8: Is there a place for other treatments in a patient
with suspected HIT?

Proposal # 24
Itisrecommended notto transfuse platelets in the acute phase
of HIT in the absence of life-threatening or functional bleeding.
(STRONG AGREEMENT)

Proposal # 25
Itis recommended not to prescribe an oral antiplatelet agent
to treat acute HIT.
(STRONG AGREEMENT)

Proposal # 26
Itis proposed not to prescribe IVimmunoglobulins as a first-
line treatment for the acute phase of HIT.
(STRONG AGREEMENT)

Proposal # 27
It is proposed not to insert an inferior vena cava filter in the
acute phase of HIT.
(STRONG AGREEMENT)
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Rationale

Apart from anticoagulants, other therapeutic approaches can be
discussed but their place is very limited in practice.

1. Polyvalent intravenous immunoglobulins have been used in a
few cases of HIT [78-80] but their efficacy remains poorly
documented. They cannot be recommended for the treatment of
acute HIT. However, they have recently been proposed for severe
and very rare so-called “autoimmune” HIT [81].

2. Plasmapheresis or plasma exchanges have also been
exceptionally used in acute HIT and mainly in the context of
urgent cardiovascular surgery [82] (see question 10). However,
their relative benefit compared to powerful antiplatelet drugs such
as ilomedine or tirofiban has not been evaluated.

3. Antiplatelet agents (APA) cannot be used alone to treat
HIT.

The value of combining APA with a non-heparin anticoagulant
may be discussed in some cases of HIT with severe arterial
thrombotic complications. However, this combination in-
creases the risk of bleeding and its effectiveness has not been
validated.

In patients receiving long-term APA therapy for atheromatous
disease (e.g. coronary artery disease, lower limb arteriopathy) with
HIT, the decision to continue APA is made taking into account the
risk of bleeding and vascular risk.

GPIIb-Illa receptor antagonists have been used successfully in
rare cases of acute coronary occlusion after angioplasty during HIT.
Tirofiban (Agrastat®™) is an option to be discussed only in case of
cardiac surgery (see question 10). Iloprost (Illomédine®™), a
prostacyclin analogue, induces risks of severe hypotension, and
is rarely used today (see question 10). However, it remains
available as a therapeutic option by ASH in the event of emergency
cardiac surgery [4].

4. LMWH are contraindicated in UFH-HIT patients because they
often result in in vivo platelet activation associated with a risk of
persistent thrombocytopenia with thrombosis.

5. Thrombolytics can exceptionally be discussed for the
management of serious thrombotic complications sometimes
observed during HIT.

6. VKA should never be used alone as they expose the patient to
an increased risk of thrombosis and skin necrosis (see question 7).

7. Platelet transfusion is not recommended because it can
promote the onset of thrombosis [83] or the process of
consumption, and is often ineffective. Platelet transfusions are
therefore only considered in cases of severe bleeding.

8. The insertion of a vena cava filter should only be discussed
in cases of severe pulmonary embolism with a high risk of
bleeding and transient contraindication of anticoagulants, as
this procedure is associated with a risk of acute thrombotic
obliteration.

9. Surgical thrombectomy is performed exceptionally when
ischemia threatens the functional prognosis of the limb(s) and/or
the vital prognosis.

Question 9: What treatment should be offered for HIT in
surgical settings outside cardiac surgery?

Proposal # 28
In a patient with acute HIT (less than 1 month), itis proposed
to postpone any surgery beyond the first month following the
diagnosis of HIT if this does not generate a major vital or
functional risk for the patient, and to define the modalities
during a multidisciplinary consultation.
(STRONG AGREEMENT)

Proposal # 29
In case of surgery in a patient treated with an oral anticoag-
ulantand having acute HIT (less than 1 month), itis proposedto
stop this anticoagulant and discuss a preoperative bridging
with argatroban or bivalirudin, with stopping the infusion
4 hours before the procedure for argatroban and 2 hours for
bivalirudin.
(STRONG AGREEMENT)

Proposal # 30
In postoperative care, if prolonged anticoagulation is needed
and the risk of bleeding is controlled, it is proposed to treat the
patient preferentially with fondaparinux or an oral anticoagu-
lant (VKA or DOAC), taking into account contraindications and
precautions of use.
(STRONG AGREEMENT)

Rationale

In all cases, the diagnosis of HIT (4T score, biological results,
thrombotic complication) should be confirmed and the referring
haemostasis team in the region should be contacted. In case of
acute HIT, it is preferable to postpone the surgical procedure for at
least 1 month, especially if the patient has had HIT with
thrombosis.

In case of procedures usually performed under heparin
(vascular surgery, coronary angioplasty, endovascular procedure),
it is recommended to look for anti-PF4/heparin antibodies (ELISA
test). If they are undetectable, short-term treatment with
unfractionated heparin is possible during the procedure.

Preoperatively

1. If the patient is treated for recent HIT with a parenteral
anticoagulant (danaparoid, argatroban, bivalirudin, or fondapari-
nux), the surgical procedure should be deferred if possible.
Otherwise, the discontinuation of the anticoagulant will be
decided on a case-by-case basis, taking into account its elimination
half-life and the haemorrhagic risk associated with the surgical
procedure. Given the long half-life of danaparoid and fondapari-
nux, a relay with argatroban or bivalirudin may be proposed if the
risk is considered too high. Biological assays, if available, are
helpful in the management (Table 4).

2. If the patient is treated with an oral anticoagulant (VKA or
DOAC), discontinuation of treatment is managed according to
usual recommendations [83,84].

Preoperative relaying of the oral anticoagulant with a non-
heparinic injectable anticoagulant will only be discussed in
situations of high thrombotic risk (HIT < 1 month, thromboem-
bolic event < 3 months or recurrent, mechanical heart valve, atrial
fibrillation with embolic history). In this case, the proposed
anticoagulant is either argatroban or bivalirudin due to their short
half-life [63].

Local and regional anaesthesia

The performance of neuraxial procedures is contraindicated
under anticoagulant. These procedures include diagnostic or
therapeutic lumbar punctures, spinal anaesthesia and therapeutic
spinal injections, whether or not guided by radio, as well as
epidurals with or without catheters.

A neural gesture can be performed after the following stopping
times: for argatroban: 8 hours after stopping the infusion and if a
plasma dose confirms a level < 0.1 wg/mL [62]; for bivalirudin:
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Table 4
Management of anticoagulants used in HIT before surgery.

Anticoagulant Half-life

Proposed management

Fondaparinux About 17 h (anti-Xa)

Danaparoid About 24 h (anti-Xa) and 7 h (anti-lia)
Argatroban About 50 minutes
Bivalirudin About 20-30 minutes

Last injection > 36 h before surgery

Stop infusion or last SC injection > 36 h before surgery
Stop infusion 4 h before surgery

Stop infusion 2 h before surgery

HIT: heparin-induced thrombocytopenia.

8 hours after stopping the infusion; for DOACs, last dose at D-5 or
plasma concentration < 30 ng/mL; for danaparoid and fondapari-
nux, the objective is to obtain levels < detection threshold
i.e.<0.1U anti-Xa/mL for danaparoid, and < 0.1 mg/mL for
fondaparinux. A stop of more than 48 hours is probably necessary
in most cases.

However, in the case of acute HIT (< 1 month), the relatively
long stopping times of DOACs, danaparoid, and fondaparinux
expose the patient to a high thrombotic risk. If they are only
justified by a neuraxial procedure, another type of anaesthesia
should be considered.

Intraoperatively

This part only concerns procedures that require anticoagulant
treatment during the surgery. If time permits, a search for anti-PF4/
heparin antibodies (ELISA test) is recommended; if the antibodies
are no longer detectable, exposure to heparin is possible during the
procedure.

If anti-PF4/heparin antibodies are present, it is proposed to
discuss the administration of danaparoid, argatroban or bivaliru-
din according to the available protocols, renal status and liver
status of the patient (see question 6).

Postoperatively

Anticoagulant treatment can be resumed from the 6th
postoperative hour, after assessment of the risk of bleeding. The
choice of the drug to be prescribed is based on:

e the elimination half-life in case of risk of haemorrhage and/or
surgical resumption: 50 minutes for argatroban, 24 hours (anti-
Xa activity) for danaparoid, 17 hours for fondaparinux;

e the experience in the service and availability of biological
surveillance tests (measurement of anti-Xa activity - danapa-
roid range, argatroban assay rather than aPTT, with the help of a
haemostasis specialist);

o if renal failure: no accumulation with argatroban, close follow-
up of anticoagulation with danaparoid (anti-Xa activity -
danaparoid range);

o if liver failure: calculation of the Child-Pugh score, with in the
case of a value > 6, an elimination half-life of argatroban that
increases from 50 to 152 minutes [62].

In case of HIT <1 month, danaparoid should preferably be
prescribed by IV route and with curative doses, adjusting the
dosage on anti-Xa activity maintained between 0.5 and 0.8 U/mL
(danaparoid range) (see question 7).

Argatroban IV will be prescribed at a low initial dose (0.5 pg/kg/
minute), then adjusted to aPTT or better plasma concentration,
with a target value between 0.5 and 1.5 pg/mL [61].

If prolonged anticoagulant therapy is required, and considering
that danaparoid and argatroban are subject to hospital prescrip-
tion, it is proposed to prescribe fondaparinux or preferably oral
anticoagulant, AVK or AOD (rivaroxaban) in the event of long-term
anticoagulant therapy.

Question 10: Which treatment should be offered for cardiac
surgery with and without cardiopulmonary bypass in the case
of HIT?

Proposal # 31
Before any cardiac surgery in a patient with a documented
history of HIT, it is proposed to systematically perform an
ELISA for anti-PF4 antibodies.
(STRONG AGREEMENT)

Proposal # 32
Before any cardiac surgery with cardiopulmonary bypass in
a patient with acute or subacute HIT (< 3 months), it is pro-
posed to define the perioperative anticoagulation protocol in a
multidisciplinary consultation.
(STRONG AGREEMENT)

Proposal # 33

In a patient with acute or subacute HIT with a significant titre
of anti-PF4 antibody (ELISA with DO > 1) and requiring cardiac
surgery with cardiopulmonary bypass, possible strategies for
intraoperative anticoagulation are to combine an |V antiplatelet
agent (tirofiban or cangrelor) and UFH, or to administer a direct
antithrombin agent (bivalirudin or argatroban) with close
biological monitoring.

In case of urgent surgery, it is proposed to favour an
association antiplatelet IV + UFH.

(STRONG AGREEMENT)

Rationale

Unscheduled cardiac surgery in a patient with acute HIT is one
of the most difficult situations to manage, as unfractionated
heparin remains the anticoagulant of choice for extracorporeal
circulation, and as the available alternatives do not offer the same
benefit/risk ratio.

In any case, it is appropriate (Fig. 4):

e to have confirmed the diagnosis of HIT (4T score, biological
results, thrombotic complication);

e to contact the leading haemostasis team in the region;

e to postpone the procedure if possible for more than 3 months
after HIT, or at least 1 month after a possible thrombotic
complication;

o to perform an ELISA test for anti-PF4/heparin antibodies: if it is
negative, the procedure is identical to that to be followed for an
old HIT (see question 11) and short-term re-exposure to heparin
is possible, particularly for cardiopulmonary bypass.

If HIT is acute or subacute (< 3 months)

In this situation, the patient often has a residual titre of anti-PF4
antibodies, especially if one is very close to HIT (within a month)
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B S Postpone surgery for more than 1 month after diagnosis of HIT (ideally beyond 3 months)

u

r
c?> g Multidisciplinary consultation
rr
e

y Detection of anti-FP4 antibodies *
DS UFH + intravenous antiplatelet agent Unfractionated heparin according
u llg (tirofiban or cangrelor) to the usual regimens only
{ g or intraoperatively
n
gy Injectable thrombin inhibitor

(argatroban or bivalirudin)
Post-operative anticoagulation

A ﬁ Prophylactic danaparoide or
I r fondaparinux
e & ,
rr curative argatroban,

y bivalirudine,

danaparoide
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heparin antibody titre measured in the patient with a specific and sensitive quantitative immunological assay.

Fig. 4. Therapeutic strategies for cardiac surgery in heparin-induced thrombocytopenia (HIT) patients.

and re-exposure to unfractionated heparin without particular
caution is therefore a priori contraindicated, as it exposes the
patient to a recurrence of thrombocytopenia or even thrombosis.

However, this position is discussed because the ASH recom-
mendations distinguish two types of patients with subacute HIT
(with normal platelet count) and residual anti-PF4 antibodies. The
first are those for whom a platelet activation test (mainly SRA) is
positive. In these cases, HIT is considered to be subacute type A and
the administration of heparin for cardiac surgery should be
avoided. The second group is patients with a negative SRA, and
considered to have subacute HIT type B, and for ASH experts
heparin use during cardiac surgery is possible [4].

This distinction and the resulting position are, in our opinion,
highly questionable because SRA may not be sensitive enough to
formally eliminate the presence of potentially pathogenic anti-
bodies in the patient’s plasma during cardiac surgery. This is all the
more true since it has been shown that the addition of exogenous
PF4 allows SRA to be positive [85], and cardiopulmonary bypass
induces a significant and rapid increase in plasma PF4 concentra-
tion in operated patients.

The anti-PF4 antibody titre estimated in ELISA is also important
to define because, when elevated with an OD greater than 1.5, the
clinical risk is likely to be higher after re-exposure to heparin,
compared to a patient with a lower antibody concentration (with
an OD < 1).

It is therefore essential that in all cases, the anticoagulation
protocol be defined within the framework of multidisciplinary
consultation (anaesthetist, surgeon, haemostasis specialist), taking

into account the team’s experience, the available drugs and the
biological tests performed [86,37].

In the preoperative period

The proposals for anticoagulant treatment are identical to those
for conventional surgery (see question 9).

Plasma exchanges that are intended to minimise the level of
circulating antibodies are also possible. They can be performed
preoperatively or in the operating theatre with a volume of FFP
equal to the theoretical plasma volume x 1.3 and before heparin is
administered during the procedure. However, data on this strategy
are limited [82,88,89]. In addition, the objective to be achieved is
poorly defined (negative ELISA? negativation of the SRA?) and in
most cases, a significant titre of anti-PF4/heparin antibodies
persists in ELISA [89].

Intraoperatively
Two strategies are possible.

The first combines an intravenous antiplatelet agent and
unfractionated heparin

This strategy consists of inhibiting platelet aggregation before
administering heparin so that IgG-PF4-heparin complexes cannot
induce platelet activation or thrombus formation. Heparin is
injected as a bolus, monitored with ACT and neutralised by
protamine on the end of surgery as usual. This strategy is limited to
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the cardiac surgery operating room, and any other administration
of heparin is strictly contraindicated (heparin lock, catheter flush,
routine administration).

Two antiplatelet agents can be used: tirofiban, a GPIIbllla
platelet receptor inhibitor, is administered as an IV bolus (10 g/
kg) followed 15 minutes later by the usual injection of heparin,
then a continuous IV infusion (0.15 pg/kg per minute) is initiated,
stopped 1 hour before the end of cardiopulmonary bypass, at the
time of aortic declamping [90]. However, its prolonged effect
exposes the patient to bleeding at the end of the bypass and in
immediate postoperative care because correction of platelet
function is obtained only 8 hours after stopping the tirofiban
infusion. Renal failure extends this time. In addition, early
discontinuation of the infusion is a problem in the event of a
resumption of cardiac surgery.

Cangrelor, a P2Y12 platelet receptor inhibitor, has the advan-
tage of an immediate effect, obtained in 2 min and a short half-life
of 3 to 6 min. The platelet inhibition it induces is stable during
infusion and not affected by renal or hepatic failure or blood
stagnation. However, its use in the case of HIT is still poorly
documented. The proposed protocol is as follows: intravenous
bolus of 30 wg/kg 10 minutes before heparin administration
according to the usual regimen, immediately followed by an IV
infusion of 4 pg/kg/min, interrupted 5 min before the CPB is
stopped [91,92]. Monitoring of platelet function has been proposed
using VerifyNow™, but target values are not defined.

lloprost (Ilomédine™) is still sometimes used. This prostacyclin
analogue has a half-life of 15 to 30 min. It can be administered as
an infusion of 6 to 12 ng/kg/min, stopped 20 minutes before
protamine. However, it does expose to episodes of severe low
blood pressure.

The second uses a thrombin inhibitor anticoagulant: bivalirudin or
argatroban

Argatroban is an option but experience is limited and bleeding
and/or thrombotic complications (presence of clots in the
cardiotomy reservoir or pericardium) have been reported at the
time of the bypass procedure. It was not proposed in the 2012 ACCP
recommendations that favoured bivalirudin, and it remains poorly
or not recommended by some experts in this context [4,87].

Table 5
Practical use of bivalirudin in HIT.

Its use involves a bolus of 100 p.g/kg followed by a continuous
IV infusion at 5 pg/kg/min with an ACT evaluation > 400 seconds
to start (ECC), then every 15 minutes with a maintenance between
500 and 600 seconds during the procedure. Very prolonged ACTs
were observed, complicating the adjustment of the infusion rate
[64,93].

Bivalirudin is also a possible option for emergency cardiac
surgery in the acute phase of HIT [4,94], although Angiox®™ has no
longer been marketed in France since the end of 2017, but generics
should soon be available.

Bivalirudin is prescribed and monitored as defined in Table 5.

In postoperative care

Anticoagulant treatment can be resumed from the 6%
postoperative hour, after assessment of the risk of bleeding: as a
preventive dose with danaparoid or fondaparinux, or with curative
doses of argatroban rather than danaparoid, considering its short
half-life (50 minutes) starting with an initial dose of 0.5 j.g/kg per
minute, or defined according to APACHE II, SAPS 2 or SOFA (see
question 7) [63]. In cases of severe liver failure (Child-Pugh C
score), danaparoid is preferred.

When ECMO is used, the possible options are argatroban
and danaparoid, the former being easier to manage given its
short half-life. However, patients’ organ failures alter the
pharmacokinetics of argatroban and require dosage reductions,
often below 0.5 pg/kg/min (see question 7) at the outset of
treatment. Frequent biological monitoring is necessary to adapt
the doses to the patient’s evolution and failures. Diluted
thrombin time or ecarin time is preferable to aPTT, which is
often already prolonged. Danaparoid, with its long half-life, is
difficult to use in this context of high risk of bleeding and invasive
procedures.

In the case of surgery with HIT in remission (> 3 months)

Cardiac surgery with or without CPB may be performed under
heparin, according to the usual protocol. However, it is recom-
mended to test for anti-PF4/heparin antibodies, as the persistence
of pathogenic antibodies for several months or even for a
prolonged period has been reported in rare cases.

Prescription of bivalirudin in HIT (contraindication in severe renal failure: creatinine clearance <30 mL/min)

Dosage

Monitoring

Medical treatment of HIT (few data)
Coronary angioplasty

Start IV infusion at 0.15-0.25 mg/kg per hour
IV bolus of 0.75 mg/kg then IV infusion at 1.75 mg/kg per

aPTT target: 1.5 to 2.5 x control time
If ACT after IV bolus < 225 seconds, 2™ bolus of 0.3 mg/kg

hour during the procedure and 4 hours maximum after
the procedure (if creatinine clearance between 30 and
59 mL/min: start infusion at 1.4 mg/kg per hour)

Cardiac surgery

Without CPB IV bolus of 0.75 mg/kg and IV infusion at 1.75 mg/kg per
hour during the procedure
With CPB IV bolus of 1 mg/kg+50mg in pump priming fluid then

IV infusion at 2.5 mg/kg per hour during the procedure
Stopping the infusion 15 minutes before the announced

If ACT <300 seconds, increase infusion rate by 0.25 mg/kg per
hour

If ACT < 2.5 x basic ACT, additional bolus from 0.1 to 0.5 mg/kg
Possible measurement of bivalirudin level in whole blood (expert
opinion)

end of the CPB (if still in CPB 20 minutes, bolus IV 0.5 mg/
kg and restart the IV infusion at 2.5 mg/kg per hour)
Caution should be exercised when considering the
enzymatic degradation of bivalirudin (cleavage by
thrombin): avoid pericardial aspiration, avoid blood

stasis

HIT: heparin-induced thrombocytopenia.
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Question 11: Which treatments are available for HIT in
medicine, obstetrics or paediatrics?

Proposal # 34
In the case of acute HIT, it is proposed to treat patients
requiring transluminal angioplasty for acute coronary syn-
drome, preferably with bivalirudin or an analogue, or failing
that with argatroban.
(STRONG AGREEMENT)

Proposal # 35
In the case of HIT, it is proposed for renal replacement
therapy to use citrate or argatroban as the preferred treatment
for circuit anticoagulation.
(STRONG AGREEMENT)

Proposal # 36
In case of HIT during pregnancy, it is proposed to treat
patients preferentially with danaparoid or if this drug is not
available, with fondaparinux.
(STRONG AGREEMENT)

Proposal # 37
It is proposed that the procedures for monitoring platelet
counts in children treated with heparin should be the same as
those recommended for adults.
(STRONG AGREEMENT)

Proposal # 38
It is proposed that treatment of HIT in children should
be provided by sodium danaparoid or argatroban, with
rigorous dose adjustment based on weight and bioassay
results.
(STRONG AGREEMENT)

Rationale

The general principles of HIT treatment in medical settings do
not differ from those applied to surgical patients. Nevertheless, we
will address several specific situations: acute coronary syndrome,
renal failure, pregnancy and childhood.

HIT and acute coronary syndrome

No randomised studies have compared non-heparin anti-
coagulants in patients with HIT and acute coronary syndrome
(ACS) requiring emergency transluminal angioplasty. Bivalirudin
[95] and argatroban [96,97] were successfully administered
in small groups of patients. A study conducted in 19,772 patients
without HIT showed that bivalirudin induces a lower risk of
bleeding [98]. The experience of danaparoid sodium in this
situation (ACS and HIT) is patchy [57] and the longer elimina-
tion half-life of this drug does not encourage its selection as a
priority.

The recommended regimen for bivalirudin is a bolus of
0.75 mg/kg followed by an intravenous infusion of 1.75 mg/kg/
hour. For argatroban, a bolus of 350 .g/kg is proposed followed by
an intravenous infusion of 25 pg/kg/min adapted to maintain an
ACT between 300 and 450 seconds.

The removal of the desilet will be performed two or four hours
after stopping bivalirudin or argatroban, respectively.

HIT and severe renal failure

In the case of renal replacement therapy (RRT), two situations
can be distinguished.

The patient is being treated with argatroban

Renal failure has little influence on the pharmacokinetics of
argatroban, as does RRT. RRT is started without an argatroban
bolus, continuing infusion and biological monitoring.

The patient is not treated with argatroban

Teams mastering this technique can consider the realisation of
RRT with citrate. Argatroban can also be the anticoagulant used for
circuit anticoagulation. It is then administered as a bolus (100 g/
kg for continuous RRT or 250 pg/kg for intermittent haemo-
dialysis) followed by a continuous infusion according to its
conventional regimen (see question 7). The infusion is stopped
one hour before the end of the session [63].

Danaparoid accumulates in renal failure. Its use for continuous
RRT is delicate, with very high doses proposed in this context
of risk of bleeding. In case of intermittent haemodialysis, the
danaparoid SPC proposes the following protocol: bolus of 3750 U
(2500 U if weight < 55 kg) before the first two sessions and 3000 U
(2000 U if weight < 55 kg) [88].

HIT and pregnancy

Pregnancy is very rarely complicated by HIT. Danaparoid
sodium, which does not cross the placenta, has been the most
commonly used anticoagulant in this context [99] and is therefore
recommended as a first-line treatment, particularly by the British
[3]. Argatroban is contraindicated, as are DOACs.

If danaparoid is not available, fondaparinux is an option
that can also be proposed [3]| although there is little data
[100,101].

HIT in children

The risk of HIT is a priori considered to be lower in children
with lower circulating levels of PF4 [102]. For example, a recent
study found an HIT prevalence of 0.058% in a single paediatric
centre [103]. The same study identified 12 children with suspected
HIT, most of whom were hospitalised in surgery and treated with
UFH.

In cardiac surgery, the development of anti-PF4 heparin
antibodies in postoperative care can affect 3 to more than 50%
of operated children, with the incidence of immunisation
increasing with the number of procedures [104]. But, as in adults,
HIT will affect only a small proportion of immunised children with
a long overestimated risk, but which has recently been assessed as
intermediate, equal to 0.33% [105]. Therefore, as in adults, platelet
count monitoring should be maintained in all children treated with
UFH regardless of age and underlying context.

Regarding the diagnosis, clinical data with the 4T score
and biological analyses must be combined to exclude or affirm
HIT.

For the treatment, danaparoid sodium and argatroban can be
used, taking into account, as in adults, hepatic and renal functions
to select the drug with the lowest risk of overdose [106-108].
A small series reported the history of 4 infants aged 3 to
7 months with HIT following cardiac surgery, and treated with
low doses of argatroban, monitored with TCA and ACT [106]. Large
variations in doses and test effects were noted and 3 out of
4 children survived.
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Question 12: What prevention can be used to avoid the
occurrence of HIT or recurrence?

Proposal # 39
Itis proposed that a haemostasis consultation be performed
within 3 months of the diagnosis of HIT and that a card
attesting this complication, specifying the results of the bio-
logical tests and recommending the exclusion of all heparin
treatment be given to the patient.
(STRONG AGREEMENT)

Proposal # 40
In case of a history of HIT, it is proposed to prescribe an oral
anticoagulant (VKA or DOAC) or fondaparinux when a prophy-
lactic or curative anticoagulation is indicated. Argatroban, biva-
lirudin and danaparoid should only be considered in cases where
oral anticoagulants and fondaparinux are contraindicated.
(STRONG AGREEMENT)

Rationale
The primary prevention of HIT is mainly ensured by three types

of measures:

—_
7]

prescribe heparins only in validated indications;

preferably prescribe oral anticoagulants, or as a second-line
choice LMWH, in validated indications, avoiding as much as
possible the use of UFH;

limit the duration of heparin treatment to the shortest possible
time (< 4-5 days) with early relay with oral anticoagulant.

The secondary prevention, and therefore of a recurrence of HIT,
based on three measures:

establish for each patient who has had an HIT a medical
certificate or card attesting to the reality of this history and the
results of the biological tests that led to the diagnosis.
Permanent wearing of this document by the patient is
particularly important within 3 months of HIT because the risk
of recurrence is higher during this period if there is new
exposure to heparin, although it is not constant [10];

perform a sensitive biological test (ELISA) to test the absence or
persistence of PF4-specific antibodies in the blood before any
further exposure to heparin, as a high titre exposes the patient to
a risk of HIT recurrence [109];

preferably prescribe an oral anticoagulant (VKA or DOAC,
dabigatran), or fondaparinux in case of a history of HIT,
respecting the validated indications. Failing this in very specific
situations for which no other option is possible, a non-heparinic
injectable anticoagulant, danaparoid sodium or argatroban, will
be used. It should be noted, however, that the risk of HIT
recurrence after re-exposure of the patient to heparin is
uncertain or even considered quite low, especially if LMWH is
administered. It is higher if the patient is exposed to UFH for
more than 5 days [110] and in the context of cardiac surgery
[109].
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