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irect oral anticoagulants (DOACs)

are now standing for Vitamin K

antagonists in many clinical settings.
They are recognised as a major step forward
for our patients. Their efficacy has been
confirmed in venous thromboembolism
prophylaxis and treatment, in atrial fibrilla-
tion and even in acute coronary syndromes
(Stensballe and Meller 2018).The biological
monitoring is now widely available, and the
interactions and contraindications are well
known. The ratio of efficacy/safety is widely
positive. Unfortunately, the global picture
is still fuzzy as far as the reversion of these
agents is concerned (Jaspers et al. 2021).
Only two specific antidotes are approved,
but the compound which is mostly used
(prothrombin complex concentrate), is a
non-specific reversal agent. This review will
focus on different techniques to reverse DOACs.

There are several ways to control the
anticoagulant activity of these agents while
acting either on absorption, on the mecha-
nism of action, or on elimination (Crowther
and Crowther 2015).

Only activated charcoal deals with absorp-
tion. Wang et al. (2014) have given 50
grammes of activated charcoal to healthy
volunteers who had been previously treated
with apixaban either two hours or six
hours before charcoal was given. Activated
charcoal was able to decrease the apixaban
elimination half-life from 13 hours down
to five hours. The limit of this compound
is that it has to be given in a rather short
time slot i.e. six hours max.

Another way to decrease DOAC concen-
tration is to act on elimination with haemo-
dialysis. This technique has been shown
to be effective in decreasing the plasma

Reversal of Direct Oral
Anticoagulants

This review focuses on different techniques to reverse direct oral anticoagulants,

either with specific or non-specific agents.

concentration of dabigatran by 50% after
a four-hour procedure (Khadzhynov et al.
2013). Of note, after the interruption of
the dialysis, a rebound of the dabigatran
concentration has been observed. It has to
be understood that this technique is only
available for dabigatran which binding to
the proteins is weak. Even if it is usually
implemented in an intensive care environ-
ment, it may be difficult and dangerous to
insert a very large catheter in an old patient
overdosed with dabigatran.
Prothrombin Complex Concentrates
(PCC) and activated Prothrombin Complex
Concentrates (FEIBA®) interfere with
the mechanism of action. They have been
tested with various doses and have shown
conflicting results in different animal
models (Godier et al. 2012) and healthy
volunteers. They are now being used by
clinicians in bleeding patients on a non-
evidence basis. Several series, especially
in neurology/neurosurgery patients have
shown a better outcome in patients treated
with four factor-PCC (4F-PCC as compared
with nothing) (Grandhi et al. 2015). In
the GIHP-NACO registry, 4F-PCC and aPCC
have been shown to partially or totally
control bleeding in patients treated with
DOACs (Albaladejo et al. 2017). Majeed et
al. (2017) and Schulman and colleagues
(2018) have published two short series of
bleeding patients treated with 4F-PCC with
interesting results. Ten case series with 340
patients as a total have been reviewed by
Piran et al. (2019).The pooled percentage
of patients with effective management of
major bleeding was 69% (95% confidence
interval [CI], 61-76) in two studies using
the International Society on Thrombosis

and Haemostasis (ISTH) criteria and 77%
(95% CI, 63-92) in eight studies that did
not use the ISTH criteria; all-cause mortality
was 16% (95% CI, 7-26), and thrombo-
embolism rate was 4% (95% CI, 1-8).The
obvious limit of such observational series
is that it is difficult to determine whether
4F-PCC in addition to cessation of direct
oral FXa inhibitor is more effective than
cessation of direct oral FXa inhibitor alone
in patients with direct FXa inhibitor-related
major bleeding.

The same group has studied the effi-
cacy/safety ratio of 4F-PCC (26 U/Kg) in
21 non-bleeding anti-Xa-treated patients
who were about to undergo an emergent
surgery or an invasive procedure (Piran et
al. 2018).The efficacy of PCC was good in
18 patients, allowing a normal haemostasis
with no thromboembolic events. Barzilai
et al. (2019) have reported the results of
a slightly larger study performed in two
tertiary hospitals. Sixty-two apixaban or
rivaroxaban patients were treated with
4F-PCC (26U/Kg) and assessed retrospec-
tively. Bleeding during surgery was reported
in three patients (5%), no patient required
additional PCC, and 16 patients (26%)
were transfused. The 30-day mortality
and thrombosis rates were 21% and 3%,
respectively.

Today, PCC is the most widely used agent
for the reversal of xabans (anti-Xa agents).
The median initial dose is close to 25 IU/
Kg. A reinfusion might be necessary.

Activated PCC has also been used in some
patients (Albaladejo et al. 2017). FEIBA®
is a kind of haemostatic bomb which was
initially dedicated to haemophiliacs with
an inhibitor. It has been tested in vitro
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(Martin et al. 2015) and in small series
of patients. Low doses (< 20 U/kg) to
moderate (20-30 U/kg) doses appear to
be effective, but with no follow-up for the
side effects (Dager et al. 2018). Of note,
this compound is very expensive.

Specific antidotes are also being devel-

oped. Three of them have already completed
phase II and/or phase III studies:

* Idarucizumab (Praxbind®) is a fully
humanised antibody fragment (Fab)
which binds to the thrombin binding
site of dabigatran hence inactivating
the molecule. In healthy young and
older volunteers, idarucizumab was
associated with immediate, complete,
and sustained reversal of dabigatran-
induced anticoagulation (Glund et
al. 2015). It was well tolerated with
no unexpected or clinically relevant
safety concerns. The global reversal
duration lasted about 24 hours. The
phase III study (REVERSE-AD) has
included bleeding patients who have
developed a serious bleeding event,
or patients who require an urgent
procedure (Pollack et al. 2017).The
results including 503 patients show a
complete reversal of the anticoagulant
effect of dabigatran within minutes
and 18% mortality (mainly unrelated
to the antibody). The European (EMA)
and US. (FDA) regulators have granted
an approval for this compound, but
further studies and a much larger
number of patients are needed to
be fully reassured. Nevertheless, this
antibody may save lives. Some rein-
jections may be needed as a rebound
in dabigatran concentration has been
reported (Hegemann et al. 2018).

* Andexanet alpha is a recombinant
modified human factor Xa protein
that binds factor Xa inhibitors. This
specific reversal agent is designed to
neutralise the anticoagulant effects
of both direct and indirect factor Xa
inhibitors. Its half-life is short (less
than 90 minutes) and the bolus has

to be combined with a continuous
IV infusion. Up to now, no data are
available after a 6-hour administra-
tion. Andexanet has been shown to
be effective in 101 healthy volunteers
on a biological standpoint (Siegal et
al. 2015).The ANNEXA-4 study has
evaluated 352 patients who had acute
major bleeding within 18 hours after
administration of a factor Xa inhibi-
tor (either apixaban or rivaroxaban)
(Connolly et al. 2019). The patients

d d the global picture

regarding the reversion
of direct oral
anticoagulants
is still fuzzy PP

received a bolus of andexanet, followed
by a 2-hour infusion. Excellent or
good haemostasis occurred in 204
of 249 patients (82%) who could
be evaluated. Within 30 days, death
occurred in 49 patients (14%) and
a thrombotic event in 34 (10%).
However, it has to be emphasised that
the definition of an excellent or good
haemostasis was debatable and that
the very high thrombotic event rate
was worrying. Furthermore, no data
are available with a longer infusion
period. Andexanet is effective, no
doubt, but many undesirable side
effects have led the FDA to issue a
black box warning on thromboem-
bolic risks, ischaemic risks, cardiac
arrest, and sudden death: “Treatment
with the agent has been associated
with serious and life-threatening
adverse events, including arterial and
venous thromboembolic events, cardiac
arrest, sudden deaths, and ischaemic
events, such as myocardial infarction
and ischaemic stroke.” Is this what
we expect from a specific reversal
agent? Since, a study with a small
number of patients has shown a lack

of benefit of andexanet (Nederpelt
et al. 2020) and a meta-analysis of
studies on PCC, idarucizumab and
andexanet has shown that the three
agents developed the same efficacy
for a comparable death toll but with
a much higher thrombotic rate for
andexanet (10.7% as compared to
4.3% for PCC and 3.8% for idaruci-
zumab) (Gémez-Outes et al. 2021).
A large study is ongoing, comparing
andexanet to standard of care (mainly
PCC). Results are awaited in 2023.
Ciraparantag (PER977) is a small,
synthetic, water-soluble, cationic
molecule that is designed to bind
specifically to unfractionated hepa-
rin, low-molecular-weight hepa-
rin, and to the new oral factor Xa
inhibitors (xabans) (Chan and Weitz
2021). Ciraparantag directly binds to
DOACs and to enoxaparin through
non-covalent hydrogen bonds and
charge—charge interactions Only phase
2 data are available for the moment.
Ciraparantag provides a dose-related
reversal of anticoagulation induced by
steady-state dosing of apixaban or riva-
roxaban. All doses of ciraparantag were
well tolerated. The slow development
of this compound probably relates to
the almost impossibility to quantify
its effect with conventional biological
tests (aPTT, PT, antiXa level) because
ciraparantag binds to the sodium citrate
used for blood collection and to the
reagents used to trigger clotting in
these tests. In the reported studies,
the anticoagulant effect of apixaban
and rivaroxaban at steady state was
assessed with the whole blood clot
time (WBCT) (Ansell et al. 2021).
Therefore, the quality of data is still
weak and further studies with patients
are needed.

Other specific antidotes for xabans
are being developed by several research
groups and will be available in the near
future, hopefully (Jourdi et al. 2018).
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) Xabans (tested on rivaroxa-
Target Dabigatran . Xabans, LMWH, UFH Xabans, VKA
ban and apixaban
Effective haemostasis
, 76.7% 80.7% Unknown 80.1%

(Gomez-Outes et al. 2021)
Thrombotic risk

3.8% 10.7% Unknown 4.3%
(Gomez-Outes et al. 2021) ’ ’ W ’
Cost Medium to high | Very high Unknown Low

Table 1. Comparison of specific antidotes with 4F-PCC

Conclusion

As DOACs are very effective and increas-
ingly popular, more and more patients are
shifting from VKA treatments to DOACs.
As a result, the number of DOACs treated
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