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Summary

Several direct oral anticoagulants (DOACs), namely, apixaban, rivaroxaban, and dabigatran etexilate, are currently licensed
in Europe and the United States for various thromboembolic indications. They provide alternatives to low molecular
weight heparin in a peri-operative setting for venous thromboembolism (VTE) prophylaxis and therapy and to vitamin K
antagonists for longer term therapy. Routine coagulation monitoring is not required with DOACs but is recommended in
patients with renal impairment, acute bleeding, overdoses, or emergency surgery. If bleeding is life-threatening, the off-
label therapeutic use of PCC or activated PCC may be considered in an attempt to reverse the anticoagulant effect of
DOACs. DOACs provide important advantages in the short-term prophylaxis of VTE in patients undergoing hip or knee
replacement surgery and in the longer term treatment of VTE and prevention of stroke in patients with atrial fibrillation
compared with traditional agents, including reductions in dangerous bleeding types.
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OPAJIbHbIE AHTUKOATYNIIHTBI NPAMOr0 AEACTBMA

TaopaH .23, bpeHHep b."3

' OtaeneHne remMaTonorMi U TpaHcNaHTaLMKM KOCTHOrO Mo3ra, MeanumHcKknii ropofok Pambam, Xaiidpa, 3panns
2 LleHTp BHYTPEHHUX 6one3Heil, MeauunHckwnii ropogok Pambam, Xaida, A3paunb

¥ MeamumHcKkuii chakynbTeT umM. bptoca Pannanopta, TexHnoH, Xaiida, 3paunnb

Pestome

B HacTosyee Bpems B EBpone u CLLIA paspeLueHo npuMeHeHne HEKOTOPbIX aHTUKOAry/IIHTOB npsamoro geictsus (AKIL),
a UMEHHO anukcabaHa, puBapokcabaHa n faburaptaHa 3Tekcunata s J1e4eHUs Pa3nnyHbiX TPOMOOIMOOSINYECKUX
3a00neBaHni. OHN SBNSIOTCA allbTEPHATUBON UMEIOLLEMY HU3KNI MOJIEKYTISPHBIA BEC renapuHy npu rnocneonepaynoH-
HOM JIE46HUN B KA4€CTBE NPOOUIAKTUKY 1 Tepanumu BEHO3HO Tpomboamboamn (BT3), a Takxe aHTaroHucTamu BuTa-
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muHa K npu 6onee gimtensHon tepanuu. [lpu npuneme AKITL He Tpebyercs nnaHoBOro KOHTPOJIS CBEPTbIBAEMOCTU
KPOBY, OJHAKO PEKOMEHAYETCA 00JIbHbIM, CTPAJAKLUNM I096YHON HEHOCTATOYHOCTHIO, PN OCTPbIX KPOBOTEYEHUSX,
1ePef03NPOBKAX Wi IKCTPEHHON Xupypriu. Eciiv KpOBOTEYEHNE YIrPOXAET XU3HN, TO BO U30EXAHNE aHTUKOATY/IsH-
THOro aghchexta AKIIL] moxxHO nonpo6oBate NPUMEHEHNE 663 N0Ka3aHUi KOHLEHTPAaTa npoTpoMOUHOBOrO KOMIIIEKCa
WM aKTUBUPOBAHHOO MPOTPOMOUHOBOI0 kommnekca. AKIIL faet BaxxHbie npenmyLecTsa 45 KpaTtkocpo4Hou npogm-
naktnkn BT3 y nayneHToB, KOTOPbIM Obl1a CAESIAHA XUPYPryeckas 3ameHa 6eapa win KoseHa, a npy AAnTebHOM
neyeHun BT3 wn gns npounaktnkn uHCYbTa y 6071bHbIX ¢ oUBPUITIALNEN XENYJ0YKOB 110 CPDABHEHWUIO C TPAANLNOH-

HbIMY CPEACTBAMM, BKITHOYAA CHUXKEHNE UHTEHCUBHOCTY ONACHbIX TUIMOB KPOBOTEYEHU.

Knroyesbie cnoBa

0,03}7be/8 aHTUKOAryJIAHTbI MPAMOro [eViCTBUSA, BEHO3HaA TpOMﬁOGMéOﬂMﬂ, AHTUKOAryJiaHTHas Teparns.

Cratbs noctynuna: 21.01.2016 r.; B gopabotaniom suge: 15.02.2016 r.; npunsita K nevatu: 29.02.2016 r.

KoHchnukT unTepecos

ABTOpbI 329BNAOT 06 OTCYTCTBUM HEOOXOAMMOCTI PACKPbITUS (PUHAHCOBOW NOALEPXKKM UK KOH(NKTA UHTEPECOB B OTHOLLE-

HUK JaHHOWN My6nuKaLum.

Bce aBTOpbI Cenanit aKBUBaNEHTHbIN BKNaz B NOATOTOBKY Ny6nMKaLmN.

Ins umtuposanus

T3opaH W., bpeHHep b. OpanbHble aHTUKOArynsaHTbI NPSAMOro AencTBrs. AKYLLEPCTBO, riHekonorus 1 penpoaykums. 2016; 1: 11-25.

apixaban [1,2], rivaroxaban [3,4], and dabigatran
etexilate [5,6], are currently licensed in Europe and
the United States for various thromboembolic indications.
A fourth DOAC, edoxaban, has also demonstrated efficacy
and safety in venous thromboembolism (VTE) treatment
and stroke prevention in patients with atrial fibrillation (AF)
[7,8], but is not licensed in Europe or the United States.
The DOACs have a rapid onset of action (~2 to 4 h) and
a short half-life in patients with normal renal function
[9,10]. They provide alternatives to low molecular weight
heparin (LMWH) in a peri-operative setting for VTE
prophylaxis and therapy and to vitamin K antagonists
(VKAs) for longer term therapy. Since the DOACs have
predictable pharmacokinetic/pharmacodynamic effects,
routine coagulation monitoring for titration and mainte-
nance is not required [11]. However, if patients experience
bleeding or need procedural interventions, laboratory
monitoring can be performed. The probability of their
reversal to manage life-threatening bleeding is still under
investigation; most anticoagulants are not acutely revers-
ible, except for unfractionated heparin with protamine
[12]. VKAs are acutely reversible with 4-component
prothrombin complex concentrates (PCCs), including one
recently approved in the United States (prothrombin
complex concentrate), but there is no specific reversal
agent for LMWHs, which may accumulate in patients with
renal dysfunction [13]. For all anticoagulants, manage-
ment protocols for potential bleeding should be estab-
lished. Clinical studies of using DOACs for current indica-
tions have provided extensive safety data.

Several direct oral anticoagulants (DOAGs), namely,

Therapeutic and bleeding profiles
of DOACs in clinical studies

Apixaban

Apixaban, a direct factor Xa inhibitor, is widely approved
for thromboprophylaxis in elective hip or knee replace-
ment surgery [1,14] and for stroke prevention in patients
with nonvalvular AF (Table 1) [1,2].

ADVANCE studies compared VTE prophylaxis using
apixaban, initiated 12 to 24 h postoperatively, to that with
enoxaparininelective hip/kneereplacementsurgery[15-17].
In ADVANCE-1, apixaban did not demonstrate non-inferior-
ity for efficacy compared with enoxaparin at a dose of 30
mg twice daily (bid), when given after knee replacement
surgery [15]. However, apixaban was superior to enoxa-
parin at a dose of 40 mg once daily (qd) in ADVANCE-2,
when given after knee replacement surgery [16], and in
ADVANCE-3 after hip replacement surgery [17]. Major
bleeding and clinically relevant bleeding occurred at a simi-
lar rate in the treatment groups in these studies (Table 2)
[15-17]. Arandomized phase Il study (AMPLIFY) compared
results of acute VTE therapy with apixaban to those of
using LMWH in combination with warfarin (Table 3) [18].
Overall, there was a significantly lower incidence of major
and non-major clinically relevant bleeding in patients
treated with apixaban (4.3% vs. 9.7%; p < 0.001) [18]. A
12-month extension study (AMPLIFY-EXT) compared
apixaban at a dose of 2.5 mg or 5 mg bid with placebo for
the secondary prevention of recurrent VTE in patients who
had already received 6 to 12 months of anticoagulation
treatment [19]. A similar incidence of major bleeding was
demonstrated with both doses (Table 4). Rates of clinically
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relevant bleeding were numerically higher with active treat-
ment (3.2% and 4.3% vs. 2.7%, respectively; p values
nonsignificant for all comparisons), but rates of all-cause
mortality were lower (0.8% and 0.5% vs. 1.7%, respec-
tively) [19].

Long-term use of apixaban (5 mg bid) versus acetyl-
salicylic acid (ASA) and warfarin for the prevention of
stroke and systemic embolism in patients with nonvalvu-
lar AF was compared in two separate trials (AVERROES
and ARISTOTLE, respectively) [20,21]. Apixaban appeared
to be superior to warfarin in terms of major and non-major
clinically relevant bleeding (p < 0.001) and all-cause
mortality (p = 0.047) (Table 5). Rates of major gastrointes-
tinal bleeding were similar in patients treated with apixaban
and both comparators, and there was significantly less
intracranial bleeding with apixaban compared with warfarin
(0.3%/year vs. 0.8%/year; p < 0.001) [20,21].

The APPRAISE-2 study compared apixaban in combina-
tion with standard antiplatelet therapy and antiplatelet
therapy alone in patients with recent acute coronary
syndrome (ACS) [22]. However, the risk of bleeding
outweighed the clinical benefit of anticoagulation in these
patients, and the trial was stopped early.

Rivaroxabhan

Rivaroxaban is a direct factor Xa inhibitor and is
licensed in the European Union and North America for: 1)
the treatment of deep venous thrombosis (DVT) and
pulmonary embolism (PE); 2) the prevention of recurrent
DVT and PE in adults; 3) thromboprophylaxis in adults
undergoing elective hip or knee replacement surgery; and
4) the prevention of stroke and systemic embolism in
adults with nonvalvular AF [3,4]. In the European Union,
rivaroxaban has been approved (at a dose of 2.5 mg bid),
in combination with ASA alone or ASA plus clopidogrel or
ticlopidine to prevent atherothrombotic events in patients
with ACS and elevated cardiac biomarkers (Table 1) [3].

The phase [l RECORD program evaluated the use of
rivaroxaban for VTE prophylaxis in patients undergoing
elective total hip or knee replacement surgery and consisted
of 4 trials of rivaroxaban at a dose of 10 mg once daily
(started 6 to 8 h after surgery) compared to two standard
subcutaneous enoxaparin regimens (30 mg bid initiated
after surgery and 40 mg once daily initiated before surgery)
[23-26]. Rivaroxaban was found to be superior to enoxapa-
rin (30 mg bid and 40 mg once a day) for VTE prevention,
with a similar incidence of major bleeding (Table 2) [23-28].
However, bleeding at the surgical site was not classified as
major bleeding but was included as part of a composite of
major and non-major clinically relevant bleeding. In a
pooled analysis of the 4 trials, major and non-major clini-
cally relevant bleeding occurred more frequently with riva-
roxaban than with enoxaparin over the total treatment
duration (3.2% vs. 2.6%; p = 0.04) but not during the 12 +
2 days of active treatment (2.9% vs. 2.5%; p = 0.19) [29].

Three phase Il randomized studies of rivaroxaban in
the VTE treatment setting were conducted [30,31]. In the
EINSTEIN DVT and EINSTEIN PE trials, rivaroxaban was

non-inferior to standard enoxaparin/VKA therapy in patients
who had acute DVT (without PE) [30] and PE (with or with-
out DVT) [31], respectively. In the EINSTEIN EXT, extended
rivaroxaban treatment was superior to placebo for the
prevention of recurrent VTE in patients already success-
fully treated for an initial VTE and for whom the benefit-risk
balance of continuing or stopping treatment was unclear
[30]. In the EINSTEIN DVT and EINSTEIN EXT studies, no
significant difference in major bleeding between rivaroxa-
ban and the comparator regimen was revealed (Tables 3
and 4); however, in the EINSTEIN PE, rivaroxaban treat-
ment led to a significant (51%) relative risk reduction in
major bleeding compared with enoxaparin/VKA (Table 3)
[31]. In both acute treatment studies, major bleeding in a
critical site, associated with a decrease in hemoglobin of
>2 g/dl and/or transfusion of >2 units of blood, or leading
to death, occurred with an incidence of <1% in the rivar-
oxaban arms [30,31]. In the EINSTEIN PE, there were fewer
cases of major bleeding at a critical site, especially intra-
cranial and retroperitoneal bleeding, with rivaroxaban than
with enoxaparin/VKA [31].

Further data on the long-term use of rivaroxaban 20 mg
once a day were provided by the ROCKET AF study, in which
rivaroxaban was non-inferior to warfarin for the prevention
of stroke or systemic embolism in patients with nonvalvular
AF, and rivaroxaban did not increase the rate of clinically
relevant bleeding (14.9%/year vs. 14.5%/year; p = 0.44)
(Table 5) [32]. Rivaroxaban was associated with significant
reductions in the annual rates of intracranial hemorrhage
(ICH) (0.5% vs. 0.7%; p = 0.02), critical site bleeding (0.8%
vs. 1.2%; p = 0.007), and fatal bleeding (0.2% vs. 0.5%; p =
0.003) compared with warfarin, set against an increase in
gastrointestinal bleeding (3.2% vs. 2.2%; p < 0.001), major
bleeding associated with a >2 g/dl decrease in hemoglobin
(2.8% vs. 2.3%; p = 0.02), and major bleeding requiring
blood transfusion (1.6% vs. 1.3%; p = 0.04) (Table 5) [32].

In the ATLAS ACS-2 TIMI 51 study, rivaroxaban (2.5 mg
or 5 mg bid) in combination with standard antiplatelet
therapy (ASA with or without a thienopyridine) was
compared with antiplatelet therapy alone in patients with
recent ACS [33]. Rivaroxaban significantly reduced the
incidence of death of cardiovascular causes, myocardial
infarction, or stroke (p = 0.008 across both doses
compared with antiplatelet therapy alone), but also led to
a significant increase in major bleeding not related to
coronary artery bypass grafting (2.1% vs. 0.6%, respec-
tively; p < 0.001) and in ICH (0.6% vs. 0.2%, respectively;
p = 0.009). However, the incidence of fatal bleeding was
not significantly elevated (0.3% vs. 0.2%, respectively; p =
0.66). Overall, rivaroxaban at a dose of 2.5 mg bid was
associated with a lower risk of bleeding compared with the
higher (5 mg bid) dose (0.1% vs. 0.4%; p = 0.04). The
U.S. Food and Drug Administration has not approved the
use of rivaroxaban in patients with ACS.

Edoxaban
Edoxaban is a direct factor Xa inhibitor that is not yet
licensed in Europe or the United States (Table 1). Edoxa-
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ban was compared with LMWH/warfarin for the treatment
of VTE in the randomized phase Ill Hokusai-VTE study [8].
Patients in both treatment arms received heparin induc-
tion at the start of treatment. Edoxaban was non-inferior
to warfarin for the prevention of recurrent symptomatic
VTE and led to a significantly lower incidence of major
plus non-major clinically relevant bleeding (p = 0.004)
(Table 3) [8]. Similar incidence of major bleeding was
observed in both treatment arms (1.4% vs. 1.6%; p =
0.35), and fatal bleeding occurred in 2 patients in the
edoxaban arm compared with 10 in the warfarin arm.
There were no fatal intracranial or retroperitoneal bleeding
events with edoxaban, and fewer nonfatal bleeding
episodes in a critical site compared with warfarin (0.3%
vs. 0.6%, including 5 vs. 12 nonfatal ICHs) [8].

The efficacy and safety of edoxaban for the prevention
of stroke in patients with nonvalvular AF was evaluated in
the Engage AF-TIMI 48 study (Table 5) [7]. Edoxaban was
non-inferior to warfarin in terms of the incidence of stroke
and systemic embolism. Major bleeding occurred with a
significantly lower incidence with both edoxaban doses
compared with warfarin (1.6% and 2.8%/year, respec-
tively, vs. 3.4%/year; p < 0.001 for both doses) (Table 5)
[7]. The endpoint of death or ICH also occurred in signifi-
cantly fewer patients receiving edoxaban than warfarin
(4.0% and 4.3%/year, respectively, vs. 4.9%/year; p <
0.001 and p = 0.004, respectively). Of note, fatal bleeding
(0.1% and 0.2%/year vs. 0.4%/year; p < 0.001 and p =
0.006, respectively) and life-threatening bleeding (0.3%
and 0.4%!/year vs. 0.8%/year; p < 0.001 for both doses)
were significantly less frequent with edoxaban, as was
gastrointestinal bleeding with the lower dose (0.8% vs.
1.2%/year; p < 0.001). In contrast, the higher edoxaban
dose led to more gastrointestinal bleeding than warfarin
(1.5% vs. 1.2%/year; p = 0.03) [7].

Dabigatran

Dabigatran is a direct factor lla (thrombin) inhibitor and
is approved in Europe for thromboprophylaxis in patients
undergoing total hip and knee replacement, in the United
States for VTE treatment, and in Europe and North America
for the prevention of stroke and systemic embolism in
patients with nonvalvular AF (Table 1) [5,6].

RE-NOVATE and RE-NOVATE Il were non-inferiority
studies comparing dabigatran 150 mg or 220 mg once a
day (starting with a half-dose 1 to 4 h after surgery) with
enoxaparin 40 mg once a day (initiated before surgery) for
VTE prophylaxis in patients undergoing total hip replace-
ment [34,35]. The same doses were also studied after
knee replacement surgery in the RE-MODEL and the
RE-MOBILIZE [36,37]. In these studies, the rates of major
bleeding were similar (Table 2) [34-37].

The use of dabigatran for acute treatment of VTE was
studied in the RE-COVER and the RE-COVER 11 [38,39]. All
patients received initial parenteral anticoagulation. In both
trials, dabigatran was non-inferior to standard care, and
there was no significant difference in the incidence of
major bleeding (Table 3) [38,39]. In the RE-COVER, there

were no cases of ICH with dabigatran, but approximately
one-fourth of all bleeding events associated with dabiga-
tran were gastrointestinal. Two further studies considered
the potential role of dabigatran as a long-term therapy for
the prevention of recurrent VTE after patients had received
initial treatment for a primary event. Dabigatran was found
to be non-inferior to warfarin in the RE-MEDY trial and
superior to placebo in the RE-SONATE trial for the preven-
tion of recurrent VTE [40]. Only 2 major bleeding events
occurred with dabigatran in the RE-SONATE (Table 4), and
there were numerically fewer incidences of major bleeding
with dabigatran than with warfarin in the RE-MEDY,
including major bleeding in a critical organ, causing a
decrease in hemoglobin, or requiring a blood transfusion.
However, there was a greater incidence of ACS in patients
taking dabigatran than in those receiving warfarin (0.9%
vs. 0.2%; p = 0.02).

The profile of long-term dabigatran therapy has been
further defined by the RE-LY study (Table 5), in which
110-mg and 150-mg bid doses were compared with stan-
dard warfarin therapy for the prevention of stroke and
systemic embolism in patients with nonvalvular AF [41].
The lower dabigatran dose was non-inferior for efficacy to
warfarin in this trial, and the higher dose was superior. The
110-mg dose of dabigatran conferred a significantly lower
rate of major bleeding, and the 150-mg dose had a similar
rate of major bleeding compared with warfarin (2.7% vs.
3.1% vs. 3.4%/year; p = 0.003 and p = 0.31, respectively).
Both doses significantly reduced intracranial and life-
threatening bleeding, but the higher dabigatran dose was
associated with a higher rate of gastrointestinal bleeding
(Table 5) and a slight increase in the rate of myocardial
infarction compared with warfarin [41]. In RELY-ABLE, a
long- term extension study, patients randomized to dabiga-
tran in the RE-LY, who had not permanently discontinued
treatment, continued to receive dabigatran. Rates of major
bleeding remained similar to those in the RE-LY, with the
lower dose associated with a significantly lower risk than
the higher dose (3.7% vs. 3.0%/year, respectively; hazard
ratio: 1.26; 95% confidence interval: 1.04 to 1.53). There
was no significant difference between the doses in the risk
of life-threatening, fatal, gastrointestinal, or intracranial
bleeding (Table 5) [42].

Bleeding risk in patients treated with
DOACs

Based on data from phase IIl studies, DOACs may be
expected to be associated with a risk of clinically relevant
bleeding similar to that of standard anticoagulants. The
rate of major bleeding is also generally similar; however,
in clinical trials using apixaban for VTE treatment and riva-
roxaban for PE treatment, a significant (69% and 51%)
relative risk reduction in major bleeding compared to
standard therapy has been demonstrated [18,31]. When
used for extended periods for the prevention of stroke,
DOACs were also associated with clinically important
reductions in major bleeding compared with warfarin,
including life-threatening bleeding types [7,21,32,41].
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Approximately a 50%-reduction in ICH, a major complica-
tion associated with long-term warfarin use [43], is nota-
ble. This may be related to lower suppression of thrombin
generation with DOACs compared with warfarin [44] and
possibly, tissue factor-dependent mechanisms. However,
there may also be an increase in other types of bleeding
compared with warfarin, such as gastrointestinal hemor-
rhage [7,32,38,41].

Certain patient groups are at increased risk of bleeding
and therefore require careful assessment of the benefit-
risk balance of anticoagulant treatment, particularly if
continued for a long period. When bleeding occurs in
patients treated with a DOAC, knowledge of the pharma-
cokinetic and pharmacodynamic characteristics of the
agent concerned is important to inform clinical manage-
ment. Apixaban, rivaroxaban, edoxaban, and dabigatran
all reach maximal concentrations between 1 and 4 h after
intake and have relatively short half-lives, ranging from 5
to 17 h in healthy subjects [1-6,45] (Table 1), which
contrasts with the long half-life of warfarin (~40 h) [46].
However, drug elimination may be prolonged owing to
specific factors, the most important of which are the renal
clearance profiles of the patient and the drug. Dabigatran
is mostly removed through the kidneys (~80% of a dose
is recoverable as unchanged drug in the urine) [47] and
may therefore accumulate in patients with renal insuffi-
ciency, whereas rivaroxaban [48,49] and apixaban [50]
are less affected to a clinically relevant degree by moder-
ate renal impairment (creatinine clearance [CrCl] 30 to 49
ml/min): ~33% of rivaroxaban is cleared as active drug by
renal mechanisms [3,4]; 25% to 28% of apixaban is
cleared by renal elimination (Table 1) [1,2]. Severe renal
impairment (GrCl, 15 to 29 ml/min) leads to a doubling of
the half-life of dabigatran [51]. Edoxaban has an interme-
diate profile, with 50% of the dose undergoing renal
elimination [52].

Patients with moderate renal impairment (CrCl, 30 to
49 ml/min) who are receiving rivaroxaban for VTE treat-
ment do not require dose adjustment, although in Europe,
a dose of 15 mg once daily after the initial 3 weeks of
15-mg bid dosing may be considered based on clinical
evaluation of the risk of thrombosis and bleeding [3]. In
contrast, patients with AF and moderate renal impairment
who receive rivaroxaban for stroke prevention should
always receive a 15-mg qd dose (Table 1). In Europe,
caution is recommended in all patients with severe renal
insufficiency (CrCl, 15 to 29 ml/min); in the United States,
rivaroxaban is not recommended in these patients [3,4].
Apixaban is given at a reduced dose for the prevention of
stroke in some patients with AF (Table 1) [1,2]. Reduction
of dabigatran dose should be considered for patients with
AF, renal impairment and those receiving co-medications
with an interaction potential (Table 1). Dabigatran is
contraindicated in patients with CrCl 15-29 ml/min in
Europe but may be used with caution in these patients in
the United States at a reduced dose [5,6]. No DOAC should
be used in patients with CrCl <15 ml/min. Recommenda-
tions for edoxaban, if and when approved in North America

or Europe, remain to be determined, but a dose reduction
was mandated in the Hokusai-VTE and Engage AF-TIMI 48
studies for certain patients (Table 1) [7,8].

Hepatic impairment is also known to increase the risk
of bleeding. Moderate hepatic impairment (Child-Pugh B)
affects the pharmacokinetics of rivaroxaban and apixaban
(but not of dabigatran) to a clinically relevant degree
[1,2,53,54], and severe hepatic impairment would be
expected to lead to a substantial increase in bleeding risk
with any anticoagulant. Rivaroxaban is contraindicated in
patients with hepatic disease associated with coagulopa-
thy and clinically relevant bleeding risk, including cirrhotic
patients with Child-Pugh B or C [3,4]. Apixaban can be
used with caution in patients with Child-Pugh B [1,2],
whereas any liver impairment expected to affect survival is
a contraindication to dabigatran [5,6]. In Japan, caution is
advised when using edoxaban in patients with severe
hepatic impairment [55].

Interactions with concomitant drugs that share the
elimination pathways of an anticoagulant may also serve
to increase exposure and thus trigger a bleeding episode.
The DOACs have a considerably lower potential for drug-
drug interactions than VKAs [9], but there are relevant
interactions. Apixaban and rivaroxaban are metabolized
mainly via cytochrome P450 (CYP) 3A4-dependent and
P-glycoprotein (P-gp)-dependent pathways [1,2,49], and
bleeding may be caused by the use of co-medications that
interact strongly with both these pathways. This is of
greatest clinical relevance with strong inhibitors of both
CYP3A4 and P-gp, such as azole-antimycotics (e.g., keto-
conazole) and human immunodeficiency virus protease
inhibitors (e.g., ritonavir) [49]. Neither Apixaban [1,2] nor
rivaroxaban [3,4] should be co-administered with these
drugs (Table 1). Strong inhibitors of one pathway or
moderate inhibitors of both had a lesser effect that was
not considered clinically relevant [1,2,49], but their
concomitant use in patients with renal impairment could
still lead to relevant pharmacodynamic effects. Strong
CYP3A4 inducers should also be used with caution or
avoided with rivaroxaban and apixaban. In contrast,
neither dabigatran nor its prodrug, dabigatran etexilate, is
metabolized by CYP-dependent mechanisms [5,6].
However, both are P-gp substrates [9,6], and the effect of
strong P-gp inhibitors on the bioavailability of dabigatran
could be greater than with rivaroxaban and apixaban. Less
than 4% of an edoxaban dose is subject to CYP3A4-
dependent clearance, which may allow its use in patients
taking concomitant medications that would preclude use
of rivaroxaban or apixaban [52]. Unlike with VKAs, food
interactions with DOACs are minimal and not likely to
cause overexposure. Rivaroxaban doses of 15 mg and 20
mg should be taken with food (Table 1) [56,57]. There was
a modest effect on the pharmacokinetic parameters of
edoxaban when taken with food, but this is not expected to
be of clinical relevance [58].

In patients with AF who are receiving long-term antico-
agulation therapy for stroke prevention, ACS or VTE may
develop, the latter perhaps owing to poor warfarin control.
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For the former, unless the event is immediately life-threat-
ening (e.g., massive PE requiring thrombolysis or embo-
lectomy), such patients can be transitioned to rivaroxaban
(as the only DOAC approved for VTE treatment in the
European Union and the United States) at the initial 15-mg
bid dose [3,4]. During the initial 3-week 15-mg bid dosing
period with rivaroxaban, patients should be monitored
closely for signs of bleeding, although in the EINSTEIN
DVT and EINSTEIN PE trials, there was no increase in
major bleeding compared with enoxaparin/VKA during
this phase [30,31]. If rivaroxaban is used in patients taking
antiplatelet agents for AF, an increase in bleeding risk is
likely; this may be particularly important because patients
with AF are generally elderly and may have renal impair-
ment or other comorbidities and/or be taking medications
that interact with rivaroxaban to increase exposure. If the
benefit-risk profile is favorable, rivaroxaban may be
combined with doses of ASA not exceeding 100 mg/day
[99], but dual-antiplatelet therapy should not be combined
with rivaroxaban in patients with AF. In contrast, a low
dose of rivaroxaban may now be combined with single- or
dual-antiplatelet therapy in Europe for patients with recent
ACS, if they have elevated cardiac biomarkers indicating a
likely secondary event [3]. The approved dose of rivaroxa-
ban (2.5 mg bid) in ACS is much lower than that in other
indications. In patients without elevated biomarkers, the
addition of anticoagulation to antiplatelet treatment cannot
be justified because of the significant increase in risk of
major bleeding, as observed in the APPRAISE-2 [22] and
ATLAS ACS 2 TIMI 51 [33] trials. Rivaroxaban is not
approved for patients with both AF and ACS.

Monitoring anticoagulation with the
DOACs

Routine coagulation monitoring is not required with
DOACs but is recommended in patients with renal impair-
ment, acute bleeding, overdoses, or emergency surgery
[10]. The interval between the last dose and sampling
must be considered when interpreting the test results.
Rivaroxaban prolongs the prothrombin time (PT), with
substantial inter-assay variability [60]. The PT provides a
qualitative indication of the anticoagulant effect but does
not measure drug levels. The international normalized
ratio (INR) should not be used for rivaroxaban [60] or for
other direct factor Xa inhibitors [61]. Specific anti-factor
Xa assays, distinct from LMWH testing, are recommended
for quantitative measurements of rivaroxaban, apixaban,
and likely for edoxaban (Table 6) [60,61].

Dabigatran prolongs most coagulation assays except
PT [62]. A normal thrombin time assay can be used to
exclude a clinically relevant dabigatran effect and is better
for this purpose than the activated partial thromboplastin
time, although the dilute thrombin time assay HEMOCLOT
(Aniara, West Chester, Ohio) better correlates with
plasma concentrations and is more sensitive for dabiga-
tran (Table 6) [63]. The ecarin clotting time test provides
a dose-dependent correlation with dabigatran [64] but is
not widely available.

Reversal of DOACs anticoagulation

RE-VERSE study demonstrated that 5 g of idaruci-
zumab, immediately reversed the anticoagulant effect of
dabigatran in patients requiring urgent anticoagulant
reversal [87]. No safety concerns relating to idaruci-
zumab were identified. ldarucizumab is a humanized
antibody fragment, or Fab, designed as a specific rever-
sal agent to dabigatran. ldarucizumab binds specifically
to dabigatran molecules only, neutralizing their antico-
agulant effect without interfering with the coagulation
cascade.

Specific agents, andexanet alfa, for reversal of anti Xa
inhibitors are still under development. The molecule is a
recombinant protein analog of factor Xa that binds to
direct factor Xa inhibitors and antithrombin but does not
itself have any catalytic activity.

Peri-procedural management

DOACs have a faster onset/offset of action than VKAs
and can theoretically be stopped closer to the time of
surgery [10]. Rivaroxaban may be stopped up to 24 h
before surgery, according to European and U.S. prescrib-
ing recommendations [3,4]. A general principle is that
pre-procedural DOAC discontinuation should be based on
the specific pharmacokinetics, renal function, and proce-
dural bleeding risk; post-procedural DOAC resumption
should be based on bleeding risk and the fact that adequate
hemostasis has been achieved [65].

Recommendations suggest stopping DOACs ~24 h (2
to 3 half-lives) before a procedure that carries a low bleed-
ing risk, but 5 days before with a medium- or high-bleeding
risk intervention, dependending on the DOAC and the
patient’s renal function [66,67]. The European Heart
Rhythm Association suggests stopping DOACs >24 h
before surgery for low-risk procedures and >48 h before
high-risk surgery, but the interval should be longer for
patients with CrCl <80 ml/min receiving dabigatran and for
those with CrCl 15 to 30 ml/min who are treated with riva-
roxaban or apixaban [68]. Other expert consensus docu-
ments recommend 24-48-h discontinuation windows
[65]. The use of such a scheme in the RE-LY trial yielded
similar rates of peri-operative bleeding/thromboembolism
in warfarin- and dabigatran-treated patients [69]. Addi-
tional studies are ongoing [65].

If the patient’s risk of thrombosis warrants resumption
of anticoagulation after peri-procedural cessation, DOAC
administration can be resumed 12 to 24 h after procedures
associated with rapid and complete restoration of hemo-
stasis. In general, DOACs may be resumed within 24 h for
a procedure with a low risk of bleeding, and within 48-72 h
for a procedure with a high risk of bleeding [65]. For proce-
dures associated with an inability to take oral medications
(e.g., post-operative intestinal ileus), bridging with either
unfractionated heparin or reduced-dose LMWH may be
considered before transitioning to a DOAC 48-72 h post-
surgery [68]. Bridging therapy with a DOAC should other-
wise be avoided, except for patients with a very high
thrombotic risk [65].
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Interruption of DOACs and switching
between anticoagulants

In the ROCKET AF study, thromboembolic events
increased when patients discontinued rivaroxaban;
however, temporary interruption led to low rates of stroke
and major bleeding similar to those with warfarin [32,70].
Prolonged inadequate anticoagulation should be avoided
if a DOAC is discontinued for reasons other than bleeding,
and ftransitioning to another anticoagulant should be
considered. The recommendation for switching to warfa-
rin/VKA differs between Europe and the United States and
between the factor Xa inhibitors and dabigatran. For apixa-
ban and rivaroxaban in Europe, concurrent administration
of the DOAC and VKA is recommended for at least 2 days
and thereafter until the INR is >2.0 (tested at the trough
DOAC concentration to minimize interference), after which
the DOAC can be discontinued [1,3]. For dabigatran, a
similar approach is recommended, but with at least 2 days
of concurrent DOAC and VKA administration for patients
with CrCl of 30 to 49 ml/min, and at least 3 days for those
with CrCl =50 ml/min (to account for the dependence of
dabigatran on renal clearance) [5]. The U.S. prescribing
information suggests a different approach for apixaban
and rivaroxaban of discontinuing the DOAC and starting
the VKA plus a parenteral anticoagulant as bridging ther-
apy until the INR reaches the therapeutic range [2,4]. For
dabigatran, the U.S. advice is similar to that given in
Europe, but with 3 days of concurrent administration of
DOAC and VKA suggested for patients with CrCl >50 ml/
min, 2 days for those with CrCl of 30 to 50 ml/min, and 1
day in the case of CrCl of 15 to 30 ml/min [6]. For transi-
tion to a parenteral anticoagulant (e.g., LMWH in the case
of a patient with cancer), the advice is simpler and more
uniform: start the parenteral agent and discontinue the
DOAC when the next dose of DOAC is scheduled [1-6].
However, for dabigatran, it may be necessary to wait 24 h
before initiating the new anticoagulant in patients with
CrCl <30 ml/min [5,6].

Recommended management strategies for
bleeding associated with DOACs

For moderate or severe bleeding, standard hemody-
namic support measures, such as fluid replacement and
blood transfusion, can be applied to patients receiving
DOACs, as with other anticoagulants. These include
mechanical compression (e.g., severe epistaxis), surgical
hemostasis with bleeding control procedures, fluid replace-
ment and hemodynamic support, use of blood products
(packed red cells, fresh frozen plasma, or platelets), and,
depending on laboratory testing and other factors, cryo-
precipitate or fibrinogen concentrates (1-6,52). Rivaroxa-

ban, apixaban, and, it is anticipated, edoxaban, have high
protein binding; therefore, they are not dialyzable
[1,2,52,71], whereas dabigatran can be partially removed
by dialysis [51,72]. The use of activated charcoal can be
considered in the event of an overdose, provided this is
within ~6 h of ingestion. If bleeding occurs and cannot be
controlled with these measures, interventions may be
required. DOAGCs should be discontinued before a planned
intervention, as discussed [3,4], although renal function is
important [10], especially for patients at risk of bleeding
[66,67]. In emergencies, immediate surgery may be
required, and clinical judgment must be exercised. Rivar-
oxaban, although approved for PE therapy, should not be
given to patients with hemodynamically unstable PE [3,4].

Management of life-threatening bleeding

If bleeding is life-threatening, the off-label therapeutic
use of PCC or activated PCC may be considered in an
attempt to reverse the anticoagulant effect of DOACs [1-6].
However, experience with these therapeutic approaches is
limited to preclinical studies, which have shown variable
results [73-78], and reversal of anticoagulation in healthy
volunteers [79-83], as well as some case reports in
patients. One study in healthy volunteers found that
3-factor PCC reversed rivaroxaban-induced changes in
thrombin generation more than 4-factor PCC [84]. With
ICH or serious bleeding, recommendations suggest PCC
administration at 50 U/kg or activated PCC (anti-inhibitor
coagulant complex) at 30 to 50 U/kg [85], which may be
re-administered once if required [85]. Hemodialysis
guided by measured drug concentrations should be
considered for dabigatran.

As mention above, a potent monoclonal antibody
directed against dabigatran, idarucizumab, is now approved
for dabigatran reversal in patients with uncontrolled bleed-
ing or those who require emergency surgery [87].

Conclusions

DOACs provide important advantages in the short-term
prophylaxis of VTE in patients undergoing hip or knee
replacement surgery and in the longer term treatment of
VTE and prevention of stroke in patients with AF compared
with traditional agents, including reductions in dangerous
bleeding types. However, they also have different bleeding
profiles that require individualized management
approaches. Further study and increasing use of apixaban,
rivaroxaban, dabigatran, and edoxaban in real-world prac-
tice will help to familiarize physicians with best practice in
this area. Development of specific measurement tech-
niques and reversal agents will also provide further tools
for the management of bleeding.
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Drug

Quantitative Assays
(Provides an Estimate of
Anticoagulant Drug Levels)

Qualitative Assays

of Drug Effect)

(to Indicate Presence or Absence

Not Recommended

Direct factor Xa inhibitors
(apixaban/rivaroxaban/edoxaban)

Xa assays

Specific, calibrated anti—factor

Prothrombin time assay read in
seconds with sensitive reagents

Insensitive prothrombin time, activated
partial thromboplastin time, thrombin
inhibition, or heparin-specific assays

Direct thrombin inhibitor
(dabigatran)

assay

HEMOCLOT (Aniara, West
Chester, Ohio) dilute thrombin

time, ecarin clotting time,
thrombin time

Activated partial thromboplastin

Assays that do not measure thrombin
inhibition, heparin-specific assays

Table 6. Appropriateness of Assays for Monitoring the Activity of Direct Oral Anticoagulants.
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