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REVIEW ARTICLE

New anticoagulants in critical care settings

Novos anticoagulantes em cuidados intensivos

ABSTRACT

Thromboembolic events commonly
occur in critically ill patients, and
although they do not consistently present
with specific signs and symptoms, they
are associated with high morbity and
mortality. Antithrombotic agents are the
mainstay of the prevention and treatment
of venous thromboembolism, and they
are also used for stroke prevention in
atrial fibrillation, embolism prevention
in heart failure, and anticoagulation
of prosthetic valves. These drugs have
been combined with antiplatelet therapy
for the prevention of secondary acute
coronary syndrome. Antithrombotic
agents such as Aspirin, clopidogrel,
vitamin K antagonists and fondaparinux,

an indirect Factor Xa inhibitor, are
already incorporated into our clinical
practice. New small-molecule, selective
Factor Xa and thrombin inhibitors that
simultaneously inhibit free plasma and
clot-associated factor activities have
received considerable attention recently.
These new oral anticoagulants are in
various phases of clinical development.
dabigatran, rivaroxaban and apixaban
are in more advanced phases of clinical
development and are already available
in a number of countries. This review
article highlights the studies describing
the use of these three anticoagulants in
an intensive care setting.
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INTRODUCTION

Critically ill patients should be monitored systematically for arterial
or venous thromboembolic events, which are represented by a number of
clinical conditions, including deep venous thrombosis (DVT), pulmo-
nary embolism (PE), acute coronary syndromes (ACS) and, potentially,
thromboembolic diseases such as atrial fibrillation (AF). Considering the
relative prevalence of venous thromboembolic diseases in the intensive
care unit (ICU setting), this review will focus on that pathology. Current
data®™? indicates that, without appropriate anticoagulant prophylaxis, the
incidence of DVT is approximately 60% in ICU patients. The risk factors
associated with venous thromboembolism (VTE) in critically ill patients
may be categorized as pre-existing or ICU-acquired factors. Pre-existing
risks include recent surgery, trauma, burns, neoplasm, advanced age, car-
diac or respiratory failure, acute myocardial infarction, previous throm-
boembolism, pregnancy, puerperium and estrogen therapy. ICU-acquired
factors include indwelling central venous catheters, sepsis, sedation, neu-
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romuscular blockade, and mechanical ventilation.®
Anticoagulants are the mainstay of the prevention and
treatment of thromboembolism. This class of drugs is
also used for stroke prevention in AF patients, embo-
lism prevention in heart failure patients and thrombus
prevention in prosthetic valve patients.

At the end of the last century, Hoffman et al.®
described a cell-based coagulation model that does not
include activation of the coagulation cascade. Instead
of depending on the pre-existing sequential model,
this cell-based model describes three superimposed
phases: initiation, amplification and propagation.

Initiation occurs in cells that express tissue factor,
which is the main physiological trigger for coagula-
tion. Vascular injury exposes plasma to tissue factor,
which binds to Factor VII. This reaction activates
Factors X and V and causes the generation of small
amounts of thrombin.

This coagulation response is amplified on the
platelet surface, rather than on the fibroblast where
initiation occurs. As platelets adhere, the platelet
surface-activated cofactors that amplify the stimulus
are activated and accumulate locally. The thrombin
produced in the initiation phase is a potent platelet
activator. It causes several downstream events that
activate platelets, as follows: phosphatidylserine
exposure at the platelet membrane, Factor V extrusion
from platelet granules, and Factor VIII activation. In
a powerful positive feedback loop, the membrane-
bound receptor complexes that include cofactors
V and VIII boost subsequent thrombin generation
near the platelet membranes. Propagation occurs
when active proteases combine with their cofactors
to form tenase and prothrombinase complexes on the
platelet surfaces, which are physiologically optimized
for hemostatic thrombin formation. Large amounts
of thrombin then promote cleavage of fibrinogen
to fibrin monomers that are then cross-linked by
activated Factor XIII to strengthen the growing clot.

Several well-known anticoagulant drugs should
be mentioned. Aspirin and clopidogrel are anti-
platelet agents. Other anticoagulants include vitamin
K antagonists (VKA) such as warfarin, indirect
Factor Xa inhibitors (low molecular weight heparins,
fondaparinux, idraparinux), oral direct factor Xa
inhibitors (apixaban, edoxaban, rivaroxaban), and oral
direct thrombin inhibitors (dabigatran and apixaban,
among others) (Figure 1).67

The use of anticoagulant agents began in 1916
when the effects of the anticoagulant heparan sul-
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Figure 1- Anticoagulants’ modes of action.

fate (extracted from swine liver) were discovered by
McLean.® Following this discovery, the mechanisms
of coagulation were progressively elucidated, and po-
tential atherothrombotic therapies were discovered.
Later, in 1933, Karl Paul Link discovered dicoumarol,
a VKA, that was initially used as rat venom. Dicouma-
rol was modified during the 1950s, and its derivative,
hydroxycoumarin, was tested and used as a therapeu-
tic oral anticoagulant in humans. For about 60 years,
VKAs (mainly warfarin) have been used clinically for
effective thromboembolic event prevention. Their
universal use is limited, however, by a narrow thera-
peutic window, unpredictable pharmacodynamics and
pharmacokinetics, significant drug interactions, need
for frequent laboratory monitoring, food interac-
tions, adverse bleeding events and, paradoxically, the
possibility of inducing hypercoagulable states (e.g.,
warfarin-induced skin necrosis). These hypercoagu-
lable states may lead to thrombogenic events or sys-
temic hypercoagulability.®'" Additionally, barriers to
appropriate use may be introduced by patient non-
compliance with prescribing and monitoring. Appro-
priate monitoring of the international normalized rate
(INR) is a mandatory element in managing VKA anti-
coagulation. However, INR measurements themselves
are imperfect. The INR depends on measurements
of prothrombin time (PT), a value that varies across
laboratories due to different thromboplastin sensitivi-
ties. Because the INR is directly calculated from the
PT (INR = PT/PTn),"" this natural variance decreases
confidence in the intrinsic stability of INR measure-
ments.""”” The international sensitivity index (ISI),

Rev Bras Ter Intensiva. 2011; 23(1):68-77



70

which reflects PT responsiveness to a given throm-
boplastin, may enable comparison of INR values ob-
tained from different laboratories. However, the diffi-
culty monitoring and the side effects described above
limit the use of these drugs.">!?

Unfractionated heparin (UFH) is not as effective
as warfarin, and it also has intrinsic limitations. It is
given parenterally but, like warfarin, requires careful
laboratory monitoring. In addition, it binds to plasma
proteins and endothelial cells, worsens osteoporosis
and increases the risk of thrombotic complications
associated with heparin-induced thrombocytopenia
(HIT)." Low molecular weight heparin (LMWH)
was developed to avoid the practical limitations of
warfarin and UFH. Indeed, LMWH was shown to
be safe and effective. It does not require laboratory
monitoring, and it has a longer half-life and a more
predictable response. However, it requires parenteral
dosing. Despite its improved safety profile, LMWH
does not completely eliminate the risk of HIT, though
its risk is lower than that of UFH."9 In the last two
decades, the development of synthetic compounds
such as LMWH and pentasaccharides (fondaparinux)
has prompted the quest for the ideal anticoagulant.
The resulting new agents are more effective and are
given as oral formulations on simple dosage schedules.
Importantly, they have predictable pharmacokinetics
and pharmacodynamics, and they do not have
laboratory monitoring requirements."” Countless
clinical trials have demonstrated encouraging results
with selective Factor Xa and thrombin inhibitors.
These are small molecules that concomitantly inhibit
free plasma coagulation factors (FX and FII) but have
little effect when these factors are bound. They do not
require antithrombin (ATIII) for full effect. Among
these new developing oral anticoagulants, dabigatran
(oral direct thrombin inhibitor), rivaroxaban and
apixaban (oral direct factor X inhibitors) are in Phase
III clinical development and are already licensed in a
number of countries,"*?” including in Brazil (except
for apixaban).

This review highlights the primary published
trials describing the use of new anticoagulants in the
intensive care unit setting.

Direct thrombin inhibitors (DTT)

DTIs block thrombin activity at two different sites:
in free plasma and at the thrombus. Consequently, they
prevent conversion of fibrinogen into fibrin, affecting
the amplification and propagation of coagulation by
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reducing thrombin generation. Unlike UFH, which
needs Serpin (ATIII) to amplify its effect, DTIs are
not bound to plasma proteins and thus do not require
ATIII. As a result, DTIs are stable in the plasma and
do not require laboratory monitoring in patients with
greater than 30 mL/kg/min creatinine clearance, even
in obese and elderly patients. DTIs have a fast onset of
action and are predominantly cleared by the kidneys.
As they are not neutralized by Platelet Factor 4 (PF4),
they prevent HIT, an adverse clinical syndrome
resulting from heparin use that leads to development
of temporary IgG/antiPF4/heparin antibodies.

This anticoagulant/antithrombotic class may be
categorized in two groups: 1) those that bivalently bind
to thrombin compounds (active site and exosite), such
as hirudin and bivalirudin, and 2) those that univalently
bind to thrombin (active site only), including
ximelagatran (withdrawn from the market), argotraban
(intravenous) and dabigatran  (oral). Hirudin,
bivalirudin and argatraban are exclusively parenteral
drugs. They are approved for use in clinical conditions
such as HIT, stroke prevention in AF, acute coronary
syndromes and DVT prevention and treatment. Phase
III trials have shown that ximelagatran is not inferior
to VKAs for prevention of venous thromboembolism
and stroke in patients with non-valvular AE. A previous
study showed that it causes increased hepatotoxicity
(odds ratio 6.73) and major cardiovascular events,
although the study’s statistical analysis was disputable
due to an elevated non-inferiority power (non-
inferiority, less than 1.4; actual, 2.0). The FDA (Food
and Drug Administration) withdrew the product from
the market in 2006.%'?

Dabigatran is an orally dosed, renally excreted
DTI. After oral administration, dabigatran has a 12-
17 hour half-life and 6% bioavailability, with peak
plasma concentration within 2 hours of oral intake.
It has few drug interactions, most of which involve
cytochrome P450 enzymes. It was initially studied
for prevention of thromboembolic events after
major orthopedic surgeries (total hip and knee joints
replacement surgeries) and for secondary prevention
of stroke and VTE in non-valvular AF This
antithrombotic agent has been licensed clinically
in Europe and Canada for postoperative VTE
prevention after major orthopedic surgery (total hip
or knee joints replacement) and for atrial fibrillation.
(2425 Although it has no relevant drug interactions,
its use with quinidine, verapamil and clarithromycin
is not advisable because dabigatran serum levels may
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be increased; use with P-glycoprotein (P-gp) inducers
such as rifampicin results in reduced activity. Its use
is, however, becoming more common.?%

Three significant Phase III studies describe the
use of dabigatran for DVT prophylaxis after major
orthopedic surgery (RE-MODEL, RE-MOBILIZE
and RE-NOVATE). These studies demonstrated non-
inferiority to LMWH for VTE prevention. Dabigatran
was tested at 150 or 220 mg/day doses after total
hip replacement surgery (RE-NOVATE, DTI versus
enoxaparin 40 mg/day) or total knee replacement
surgery (RE-MODEL, DTI versus enoxaparin 40
mg/day; and RE-MOBILIZE, versus enoxaparin
30 mg twice daily). The primary endpoint analyzed
was combined DVT, PE and all-causes mortality.
No increased hepatotoxicity was observed relative to
LMWH. However, dabigatran is not recommended
for liver dysfunction patients,"” although there
is evidence that the drug may be used in moderate
liver dysfunction patients without affecting its
pharmacodynamics or pharmacokinetics.®” The RE-
COVER trial evaluated 2,564 patients in arandomized,
double-blind design comparing dabigatran (150 mg
twice daily) and warfarin (for a target INR between
2 and 3) for prevention acute thromboembolic events
(PE, DVT). The primary endpoints were new onset or
recurrence of thromboembolic events and 6 months
mortality; the safety evaluation addressed bleeding,
ACS, and hepatotoxicity. In this study, dabigatran was
shown to be non-inferior to warfarin for the treatment
of acute thromboembolic events within 6 months.
Two ongoing Phase III clinical trials (RE-SOLVE and
RE-MEDY) are studying long term treatment and
secondary VTE prevention.®®

For AF, Phase II trials suggested that a 150 mg
b.i.d. (twice daily) oral dose would be as effective and
safe as VKAs. The RE-LY trial, a recently published
Phase III, randomized, open-label trial, compared two
dabigatran doses (110 mg b.i.d. and 150 mg b.i.d.)
with warfarin dosed for a target INR 2.0-3.0. It assessed
the reduction of strokes and embolic events as well as
drug safety. A total of 18,113 subjects were enrolled,
with a mean 24-month follow-up. Although RE-LY
was described as a non-inferiority trial, superiority
analysis revealed that dabigatran was as effective as
warfarin and had fewer major bleeding events (3.36%
versus 2.71%; p=0.003). The group that received
dabigatran 150 mgb.i.d. also had a reduced occurrence

of stroke/systemic embolism relative to patients who
received warfarin, 1.11% versus 1.69% (CI 0.53 to
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0.82; p<0.001; superiority). Dyspepsia was more
frequent in the dabigatran group (12% versus 5.8%).
Of note, there were no differences in liver function
between the dabigatran and warfarin groups (2.1%
versus 2.2%). These results were enthusiastically
received by the scientific community. For the first
time, an oral drug as safe and effective as warfarin but
without warfarin’s limitations was available. A RE-LY
rollover study, the RELY-ABLE (Long Term Multi-
Center Extension of Dabigatran Treatment in Patients
with Atrial Fibrillation who Completed RE-LY Trial)
is currently evaluating the safety of dabigatran over
28 months, and is scheduled to end in late 2011.%
A specific antidote for dabigatrin is not available,
and there are no methods for quantifying its efficacy.
The management of bleeding events associated
with dabigatran is similar to that of LMWH. Mild
bleeding may be controlled by withholding one dose,
given dabigatran’s short half-life (12 to 17 hours).
Supportive measures such as surgery, blood component
transfusion, and hemodialysis may be indicated
for more severe bleeding events. Preclinical trials
suggested that the use of specific coagulation factors
(activated recombinant Factor VII, prothrombin
complex or activated charcoal) may reverse dabigatran’s
anticoagulant effects in imminent life-threatening
situations, or when supportive measures do not
sufficiently control bleeding.®” Activated charcoal,
charcoal filtration and hemodialysis are appropriate
treatments for overdose events.®V

INR monitoring has little sensitivity and is not
recommended. The most sensitive tests for dabigatran’s
anticoagulant effect are thrombin time (TT), Ecarin
Coagulation Time (ECT) and the thrombin inhibitor
Hemoclot®, which is linearly correlated with the
dabigatran plasma concentration.®?
emergency conditions where ECT and Hemoclot® are
not available, activated Partial Thromboplastin Time
(aPPT) and TT are more accessible for assessment of
dabigatran’s anticoagulant effect even though aPPT is
less sensitive for high dabigatran plasma concentrations.
There is no data to support the use of activated clotting
time (ACT) in this setting.®"

However, in

Direct factor Xa inhibitors (DFXal)

This antithrombotic class directly binds Factor
Xa, requiring no antithrombin III involvement. Their
antithrombotic action is Factor Xa-specific, without
effects on other intrinsic/extrinsic coagulation pathways
and without side effects such as thrombocytopenia.
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DFXal compounds are small molecule agents (low
molecular weight) that can be administered orally. They
are able to inactivate Factor Xa-related circulating forms
(prothrombinase-Xa/Va complex). The inhibition is
stochiometric, i.e., one DFXal molecule inactivates
one Factor Xa molecule. DFXal is theoretically able to
inhibit prothrombinase complex Factor Xa and clots

bound to Factor Xa with improved clinical effectiveness
(Figure 2).6?

//[ Direct factor Xa ]

.| inhibitors (DFXal)
oA

Prothrombinase complex
(FXa, phospholipids,
calcium)

Figure 2 — Direct FXa inhibitors: binding to factor Xa
site and clot prothrombinase complex.

Rivaroxaban

Rivaroxaban is an oxazolidione derivative that
directly inhibits Factor Xa. It requires only one
daily dose for effective treatment. It is used for VTE
prevention after hip and knee joint replacement surgery
and is approved in Brazil, Canada, the European Union
and some Asian and African countries. Currently,
rivaroxaban is the world’s most studied DFXal, with
about 32,000 ongoing patients. In Phase I studies, 30
mg rivaroxaban was shown to inhibit thrombin for
longer than 24 hours without affecting platelet, and it
was associated with bleeding rates comparable to those
of enoxaparin and lower than those of warfarin and
direct thrombin inhibitors.®3-*> It is rapidly absorbed,
has a 7-11 hours half-life and requires no weight or
gender dosage adjustments. It is 66% cleared by liver
and 33% cleared by the kidneys. It is predominantly
metabolized by CYP3A4 enzymes. Coadministration
with other drugs related to this pathway, such as
ketoconazole/fluconazole, itraconazole, posaconazole,
triazolics and protease inhibitors (as ritonavir)
may increase its bioavailability and, consequently,
bleeding. Moderate CYP3A4 and P-gp inhibitors like
erythromycin can be used. Strong CYP3A4 inducers
such as phenytoin, carbamazepine and phenobarbital
may be used with caution. Patients with advanced
liver disease, creatinine clearance below 30% and
concurrent use of CYP3A4 inducers and/or inhibitors
were excluded from the clinical trials. The Phase III
set of trials RECORD (Regulation of Coagulation in
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Major Orthopedic Surgery Reducing Risk of DVT
and PE) evaluated the use of rivaroxaban 10 mg once
daily; these were double-blind trials including more
than 12,500 patients undergoing total hip or knee
joint replacement surgery. Rivaroxaban was superior
to enoxaparin, with more than 50% reduction of the
composite endpoint reflecting symptomatic VTE and
death. However, the bleeding risk associated with
rivaroxaban (0.7%) was higher than with enoxaparin
(0.3%).6%40 Other ongoing studies are evaluating
this drug in other clinical conditions, including
thromboembolic event therapy, stroke prevention
in non-valvular AF, and secondary acute coronary
syndrome prevention. Approximately 50,000 subjects
will be involved in a clinical development program
that will evaluate AF thromboembolic complications.
For AF patients, the ROCKET AF (Rivaroxaban Once
daily oral direct Factor Xa inhibition Compared with
vitamin K antagonists for the prevention of stroke
and Embolism Trial in Atrial Fibrillation) trial“V is
currently ongoing, with 15,000 patients in clinical
follow-up. This is a non-inferiority, prospective,
randomized, double-blind trial that compares the
effectiveness and safety of a daily dose of 20 mg
rivaroxaban with daily warfarin dosed for a target
INR 2.0-3.0. The rivaroxaban dose was reduced to
15 mg for patients with moderate renal dysfunction.
The drug was thus compared to the adjusted dose of
warfarin indicated for stroke and systemic embolism
prevention in non-valvular AE. Both therapies were
given for an average of 18 months, with a minimum of
12 months, and some subjects were treated for longer
than 24 months. Additionally, two Phase II trials were
conducted in Japanese AF patients to identify ethnic
differences in rivaroxaban safety and pharmacology.
The studies failed to identify differences independent
of factors like body surface area and eating habits.“?

Apixaban

Apixaban is a potent DFXal that is rapidly absorbed
from the gastrointestinal tract and cleared by the kid-
neys (25-30%) and liver (65%) with a 9-14 hour half-
life. The drug absorption is free of interference from
food ingestion. Because apixaban, like rivaroxaban, is
metabolized by the CYP3A4 enzymes, its metabolism
is influenced by CYP3A4 inducers and inhibitors. After
total hip and knee joint replacement surgery, Apixaban
(2.5 mg b.i.d.) was as effective as subcutaneous enoxa-
parin (40 mg/day) for prevention of thromboembolic
events and death, with similar bleeding rates. In the

Rev Bras Ter Intensiva. 2011; 23(1):68-77



New anticoagulants in critical care

ADVANCE 1 trial, which compared apixaban versus
enoxaparin (30 mg b.i.d.), non-inferiority was not
shown. However, VTE and death outcomes were simi-
lar, with fewer bleeding events in the apixaban group.
The ADVANCE 2 trial“? included 3,057 subjects un-
dergoing total knee joint replacement surgery. Apixa-
ban (2.5 mg b.i.d.) was more effective for both the
primary and secondary endpoints than enoxaparin (40
mg/day), with similar safety results. Based on previous
trials involving DVT and ACS patients, a 5 mg twice-
daily dose was suggested for stroke prevention in AF
patients. The ongoing ARISTOTLE®“Y trial compares
treatment of 18,000 patients with chronic, non-valvu-
lar atrial fibrillation with apixaban (5 mg orally, twice
daily) or warfarin dosed for a target INR 2.0 to 3.0.
The primary goal of this double-blind, parallel groups
trial is to show non-inferiority of apixaban relative to
warfarin. In another Phase III trial, the AVERROES
trial, approximately 5,600 AF subjects with contraindi-
cations to VKA therapy were treated with apixaban (5
mg, oral, b.i.d.) or Aspirin for 36 months. This study’s
objective was to verify that this anticoagulant is more
effective than acetylsalicylic acid (ASA — 81 to 324 mg)
for stroke prevention in AF patients.*”

Edoxaban

Edoxaban (DU-176b) is an oral competitive DFXal
with a 6-12 hour half-life and predominantly hepatic
metabolism. It shares the DFXal class drug interactions
with CYP3A4 inhibitors and/or inducers. In in vivo
studies,”  Edoxaban dose-dependently inhibited
thrombus formation in human volunteers, and its
clinically effective dose did not significantly prolong
bleeding time. Edoxaban (once or twice daily) was
evaluated for stroke prevention in AF patients in Phase
II studies” and was compared to standard therapy with
Warfarin for 3 months. Clinically significant bleeding
events were more frequent in patients receiving 30 and
60 mg edoxaban b.i.d. (7.8% and 10.6%) relative to
warfarin (3.2%). The same edoxaban doses (30 and 60
mg) with once daily dosing led to clinically significant
bleeding events at rates (3.0% and 4.7%) similar to
warfarin (3.2%). A Phase III trial (ENGAGE-AF-
TIMI48) is currently in process. It includes 16,500
subjects and compares low and high edoxaban doses
with warfarin for 24 months in non-valvular AF. The
dose is adjusted for renal dysfunction for patients with
creatinine clearance between 30% and 50% and less
than 50 kg body weight. Publication of its results is
expected in 2011.
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Betrixaban

Betrixaban is a direct FXa inhibitor with a 19-
hour half-life and predominantly hepatic metabolism
and biliary excretion. In a Phase II study®® of DVT
prevention in patients who underwent total knee joint
replacement surgery, 15 mg or 40 mg of betrixaban were
as effective as enoxaparin (30 mg b.i.d.) with similar
bleeding rates at 14 days after surgery. The ongoing
Phase II EXPLORE-Xa (Tolerability and Pilot Efficacy
of Oral Factor Xa Inhibitor Betrixaban Compared to
Warfarin) trial is evaluating stroke prevention in the
presence of non-valvular AE. betrixaban is the only
DFXal for which a specific antidote was developed.®
As with DTIs, other DFXals have no specific antidote
available for use in cases of bleeding, overdose or non-
elective surgery. The management of bleeding is not
different from the management of bleeding resulting
from LMWH, as described above. Recombinant Factor
VII has limited effect on Dxal’s anticoagulative effects.
Preclinical studies have evaluated a recombinant FXa
protein as an antidote for these agents with promising
results.

Indirect factor Xa inhibitors (IFXal)

Idraparinux is a parenteral, synthetic pentasaccha-
ride that is similar to fondaparinux but has a different
time course of action. Pentasaccharides were produced
by synthesizing the smallest molecules that bind to
ATIII heparin particles. Pentasaccharides bind to ATIII
and, therefore, to FXa. They catalyze formation of an
irreversible tertiary complex that in turn affects pro-
thrombinase complex formation. After tertiary com-
plex formation, the pentasaccharide may be released
from the complex and can then either inhibit a new
free plasma ATTII molecule or bind to a new prothrom-
binase complex. The precursor of pentasaccharides is
fondaparinux®>?, which was approved by the FDA
(Food and Drug Administration), EMEA (European
Medicines Agency) and the Brazilian Health Surveil-
lance Agency (Agéncia Nacional de Vigilancia Sanitdria
— ANVISA) for ACS, prophylaxis and therapy of DVT,
TE, HIT and AFE as well as for pre-surgical bridging
therapy.

Idraparinux is given subcutaneously and may be
given every 7 days. It was initially evaluated in the
Phase III trial AMADEUS for prevention of throm-
boembolic events in non-valvular AF. This study
compared dose-adjusted VKAs (INR 2.0 to 3.0) with
idraparinux (2.5 mg once a week). Thromboembolic
events were reduced with this new therapy (HR 0.71
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Table 1 — Primary new anticoagulant
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Antthrombotic ~ Target Study name Clinical Dose Administration ~ Renal ~ Half-life Antidote Clinical Anticipated Reference
condition form excretion % trial phase end number
Rivaroxaban DFXal QD PO 66 9-13 None
RECORD 1-4 DVTP I/IIT completed  36-40
EINSTEIN-DVT DVT I 2011 33
EINSTEIN-EXTENSION DVT/PE 111 2011 36
EINSTEIN-PE PE 111 2011 34
MAGELLAN DVTP 111 2012 34
ROCKET-AF AF 111 2011 41
Apixaban DFXal BID PO 25 8-15h  None
ARISTOTLE/AVERROES  AF I 2010 44
ADVANCED 1 PTVP 111 completed 45
ADVANCED 2 PTVP 111 completed 43
Edoxaban DFXal QD PO 62 6-12h  None
ENGAGE-AF-TIMI AF 111 2011 48
Betrixaban DFXal QD PO 0 19h None
EXPERT DVTP 111 completed 48
EXPLORE-AF AF 111 2011 49
Dabigatran DTI BID PO 80 12-14h  None
RE-MOBILIZE DVTP 111 2009 24
RE-MODEL DVTP I 2007 23
RE-NOVATE DVTP I 2007 26
RE-COVER DVT 111 2009 28
RE-LY AF 111 2009 29
Idrabiotaparinux IFXal Once SC 100 130h Avidin
a week
BOREALIS-AF AF 2012 56

QD - once daily dosing; BID — a twice daily dose; PO — oral; SC — subcutaneous; AF — atrial fibrillation; DVTP — deep venous thrombosis prophylaxis;
DVT — deep venous thrombosis; PE — pulmonary embolism; IFXal — indirect factor Xa inhibitor; DTT — direct thrombin inhibitor; DFXal — direct

factor Xa inhibitor.

[0.39-1.30] p=0.007, non-inferiority), but the clini-
cally significant bleeding rate increased (HR 1.74
[1.47-2.06]; p=0.0001). No significant inter-groups
difference was shown for mortality. However, blee-
ding-related complications limited its clinical use.
The long half-life of idraparinux led to the deve-
lopment of a biotinylated version, idrabiotaparinux
(SSR 126517). The biotinylation increases the drug’s
Avidin affinity; Avidin neutralizes idrabiotaparinux’s
anticoagulant effect by binding to is, leading to fast
elimination as it causes this molecule to disassemble.
The anticoagulant effects of idrabiotaparinux are simi-
lar to Idraparinux, but its anticoagulant effect may be
completely reversed by Avidin parenteral infusion if
necessary. The ongoing BOREALIS-AF (Evaluation of
Weekly Subcutaneous Biotinylated Idraparinux Versus
Oral Adjusted-dose Warfarin to Prevent Stroke and
Systemic Thromboembolic Events in Patients with
Atrial Fibrillation) trial is evaluating the effectiveness

and safety of this idraparinux bioinylated form, and it
is expected to end by 2012.6459

CONCLUSION

Several anticoagulants are currently available for
prophylaxis and therapy of intensive care unit thrombotic
conditions. Unfortunately, an ideal anticoagulant, with
predictable pharmacokinetics and pharmacodynamics,
simple dosing, minimal drug interactions, specific
antidotes and minimal need for laboratory monitoring, is
not currently available. Newly developed anticoagulants,
such as Factor Xa and direct thrombin inhibitors, are
promising. However, new options that could offer an
integral care alternative for critically ill patients and
reduce the rate of adverse events are necessary. Definitive
multi-center clinical trials are therefore warranted to
support the safety of new anticoagulants in clinical
practice.
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RESUMO

Eventos tromboembdlicos sio complicagbes comuns em pacien-
tes criticos. Podem apresentar sinais e sintomas pouco especificos e
estdo associados a um substancial aumento na morbimortalidade dos
pacientes internados em unidades de terapia intensiva. Os agentes an-
titrombdticos s3o o pilar no tratamento e prevencio do tromboembo-
lismo. Esta classe ¢ também utilizada na preven¢ao do acidente vascular
encefdlico, na fibrilacio atrial, na prevencio de eventos embdlicos da
insuficiéncia cardfaca, em pacientes com proteses valvares e ©€m sido
associados a antiplaquetdrios na prevencio secunddria da sindrome
corondria aguda. Agentes antitrombdticos, como aspirina, clopidogrel,
antagonistas da vitamina K e foundaparinux (inibidor indireto do fator
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Xa) ja foram incorporados na pritica clinica rotineira dos servigos de
terapia intensiva. Recentemente, tem-se demonstrado grande interesse
nos agentes que inibem seletivamente o fator Xa e a trombina. Estes
apresentam estrutura molecular pequena e inibem simultaneamente o
fator da coagulagio livre no plasma e ligado ao trombo. Entre os novos
anticoagulantes orais, dabigatran, rivaroxaban e apixaban sio os que
apresentam estudos clinicos em fases mais avancadas e uso na pratica
clinica j4 licenciado em alguns paises. O objetivo desta revisdo ¢é salien-
tar os principais estudos da literatura sobre novos anticoagulantes no
cendrio das unidades de terapia intensiva

Descritores: Anticoagulantes; Antitrombéticos; Cuidados in-
tensivos; Cuidados criticos
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