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Hospitalized medical and surgical patients encompass a group of patients in whom venous thromboemb-
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olism (VTE) poses a major concern on morbidity and mortality. Recently, direct oral anticoagulants for
the prevention of VTE have been developed to overcome the drawbacks of the food/drug interactions and
the need for frequent laboratory monitoring and dose adjustments associated with the use of vitamin K
antagonists and the inconvenience of the subcutaneous administration of low-molecular-weight heparins
and fondaparinux. The novel oral anticoagulants that have been tested in major clinical trials for VTE
prevention in medical and surgical patients are the thrombin inhibitor dabigatran and the factor Xa
inhibitors apixaban, rivaroxaban, and edoxaban, which will be the focus of this review. While the new
drugs proved to be highly effective and safe in the prevention of VTE following major orthopedic surgery,
they failed to show a favorable benefit-to-risk profile in hospitalized medical patients receiving extended
anticoagulation beyond the hospital stay.
Semin Hematol 51:121–130. C 2014 Elsevier Inc. All rights reserved.
Venous thromboembolism (VTE) manifesting as
pulmonary embolism (PE) or deep venous
thrombosis (DVT) is a major concern in both

orthopedic patients and hospitalized medical patients. The
majority of VTE events occur in the outpatient setting
during the 3-month period following hospitalization for
medical illness.1 Medical patients have more episodes of
VTE than surgical patients and are less likely to have
received previous VTE prophylaxis, thus highlighting the
need to provide prophylaxis for at-risk patients in both of
these groups.1 Several agents have been traditionally
used for the prevention and treatment of VTE during
the perioperative period, including the low-molecular-
weight heparins (LMWHs), unfractionated heparin
(UFH), fondaparinux, and vitamin K antagonists (VKAs).
Data from randomized clinical trials have shown an
approximately 40%–60% decrease in the incidence of
VTE with the use of LMWH, UFH, or fondaparinux.
However, the food/drug interactions and the need for
frequent laboratory monitoring and dose adjustments2

associated with the use of VKAs and the inconvenience
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of the subcutaneous administration of LMWHs and
fondaparinux have prompted the development of novel
oral anticoagulants that have more predictable pharmaco-
kinetics, fewer drug interactions and no need for labo-
ratory monitoring.3 These oral anticoagulants include the
factor IIa inhibitor dabigatran etexilate (Pradaxa, Boeh-
ringer Ingelheim Pharma, Ingelheim, Germany) and the
oral direct factor Xa inhibitors rivaroxaban (Xarelto, Bayer
Pharma, Berlin, Germany), apixaban (Eliquis, Bristol-
Myers Squibb, Australia) and edoxaban (Lixiana, Daiichi
Sankyo, Tokyo, Japan). While the use of the direct oral
anticoagulants in surgical patients has shown proven
efficacy, their use in the setting of acutely ill medical pati-
ents is still controversial. Here we review the efficacy of
these compounds for their use in both the surgical and
medical fields.

Data were compiled by searching PubMed Central and
clinical trials.gov for all published trials before November
2013 on novel oral anticoagulants used for the prevention
of VTE in orthopedic and acutely ill medical patients.
Search terms included the following: thromboprophylaxis,
oral anticoagulants, medical patients, orthopedic, hip
replacement, knee replacement, medically ill, nonsurgical,
or a combination of these terms.
DIRECT ORAL ANTICOAGULANTS FOR VTE
PROPHYLAXIS

Two classes of oral anticoagulants have been developed
that target single factors critical to the coagulation process.
Direct thrombin inhibitors such as dabigatran selectively
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bind to thrombin, either in its soluble form or bound to
fibrin, thereby averting both the amplification of the
coagulation cascade and the conversion of fibrinogen to
fibrin.4 On the other hand, factor Xa (FXa) inhibitors like
rivaroxaban, apixaban, and edoxaban block the production
of thrombin from prothrombin.4

There is a large difference in the bioavailability of these
oral anticoagulants that ranges between 6%–7% for
dabigatran, 50%–80% for apixaban, 62% for edoxaban,
and 80% for rivaroxaban (Table 1). The low bioavail-
ability of dabigatran is attributed to it being a pro-drug
that is rapidly converted to its active form dabigatran
etexilate by circulating esterases. None of the other FXa
inhibitors is a pro-drug and hence all have a high
bioavailability (450%). Moreover, all of the direct oral
anticoagulants reach peak plasma levels rapidly, initiating
the early onset of the anticoagulant effect, unlike the long
time required for VKAs to exert a similar effect. Half-life
does not differ greatly between these agents and is only
slightly longer for dabigatran (Table 1).

Dabigatran is eliminated unchanged via the kidneys
(80%), which is evident by the high plasma levels of this
drug seen in patients with renal impairment.5 The Euro-
pean Medicines Agency (EMA) recommends a 220-mg
daily dose for VTE prophylaxis initiated orally after 1–4
hours following knee replacement surgery for a total of 10
days and 1–4 hours following hip replacement surgery for
a total of 28–35 days. Dose is to be reduced to 150 mg
taken once daily as two capsules of 75 mg if patients are
475 years of age, have altered kidney function (creatinine
Table 1. Pharmacologic Characteristics of the New O

Factor Xa Inhibitors

Oral
Anticoagulant Apixaban Rivaroxaba

Half-life 12 h 9–12 h
Bioavalability 50–80% 80%
Tmax 1–3 h 2.5–4 h
% protein
binding

87% 95%

Elimination 25% renal 60% renal
75% fecal 40% fecal

Drug
interactions

CYP3A4 inhibitors: azole
antifungals, macrolide
antibiotics and protease
inhibitors

CYP3A4 inh
and
P-glycopr
inhibitors
quinidine
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clearance [CrCL] 30–50 mL/min), or if patients are
receiving concomitant verapamil, amiodarone, and quini-
dine. Dabigatran is contraindicated in patients with severe
renal impairment (CrCL o30 mL/min).6

Of the FXa inhibitors, edoxaban has the lowest protein
binding capacity (Table 1). Renal excretion rates for
rivaroxaban, edoxaban, and apixaban are 60%, 35.4%,
and 25%, respectively. Apixaban is mainly eliminated
through the fecal route (75%), which reduces the risk of
high plasma levels of the drug in patients with impaired
renal function.7 Apixaban is administered at a dose of
2.5 mg twice daily to be started 12–24 hours after surgery.
It is contraindicated in patients with severe renal impair-
ment (CrCL o30 mL/min) and in patients receiving
ketoconazole, itraconazole, posaconazole, or ritonavir since
these agents enhance the anticoagulant effect of apixaban.8

Rivaroxaban on the other hand is contraindicated in
patients with CrCL o15 mL/min and requires caution
in patients with CrCL 15–29 mL/min.9 It is also contra-
indicated in patients receiving concomitant systemic
treatment with azole-antimycotics or human immunode-
ficiency virus protease inhibitors. It is not approved for use
in patients less than 18 years old because of no available
clinical data, or for pregnant women and women who are
breast-feeding. Rivaroxaban is given at a dose of 10 mg
6–10 hours following both hip and knee replacement
surgeries.9 In subgroup analysis of clinical trials in patients
undergoing major orthopedic surgery, edoxaban at the
dose of 30 mg once daily was associated with increased
bleeding risk in patients with moderate renal impairment,
ral Anticoagulants

Thrombin
Inhibitor

n Edoxaban Dabigatran

9–11 h 12–17 h
62% 6–7%
1–2 h 2 h
40–59% 35%

35.4% renal 80% renal
62.2% fecal

ibitors

otein
:

P-glycoprotein
inhibitors
quinidine,
verapamil, and
dronedarone

P-glycoprotein
inhibitors:
amiodarone,
verapamil,
Quinidine and
ketoconazole
P-glycoprotein
inducers:
rifampin and St.
John’s wort
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in those 475 years and in those having a body weight
450 kg. Currently, it is recommended to decrease the
dose from 30 mg to 15 mg in these patients.10 All of the
novel oral anticoagulants are contraindicated in patients
with liver disease associated with coagulopathy.

Currently, dabigatran has no specific antidote to reverse
its effects but one approach using a monoclonal antibody
(aDabi-Fab) is in clinical development. The antidote has
a binding affinity that is approximately 350 times more
than its affinity to thrombin. The antidote rapidly reversed
the anticoagulant activity of dabigatran in vivo in a rat
model of anticoagulation.11 The protein-binding capacity
of dabigatran is lower than that of FXa inhibitors (Table 1).
Hence, in case of urgent need for reversal of anticoagu-
lation with dabigatran, hemodialysis has been shown
to be effective in removing approximately 60% of the
dabigatran in the blood over 2–3 hours.12 Rivaroxaban,
edoxaban, and apixaban are highly protein-bound and
therefore cannot be removed by hemodialysis. Also, for the
FXa inhibitors there are currently no specific antidotes
to reverse their anticoagulant effect. There is one in
development using a modified form of FXa (r-Antidote,
PRT064445). It is catalytically inactive but has the capacity
to bind direct FXa inhibitors, as well as LMWH-activated
antithrombin III.13

These anticoagulants have been evaluated in clinical
trials for the prevention of VTE in both orthopedic and
acutely ill medical patients, as well as in other clinical
practices. While their use has been approved following
total knee and hip replacement surgeries, their long-term
safety profile and antidotes remain unknown. Moreover,
the encouraging results seen in orthopedic patients are not
yet reflected in their use in the medical patient. Following
is a review of the major clinical trials evaluating the use of
the novel oral anticoagulants in orthopedic and medical
patients.
APIXABAN

In phase II clinical trials, three total doses of 5, 10, and
20 mg given once or twice daily of apixaban have been
shown to provide effective and predictable anticoagulation
for prevention and treatment of VTE.14,15 The primary
outcome rate decreased with increasing apixaban dose, but
a significant increase in the incidence of total adjudicated
bleeding events was noted.14 Hence, in the setting of VTE
prevention, for which safety outcome related to major
bleeding events was the primary concern, the 2.5-mg
twice-daily dose was selected for phase III studies.

Three phase III trials have assessed the efficacy of
apixaban in the prevention of VTE in patients who are
candidates for major orthopedic surgery (Table 2). The
ADVANCE (Apixaban for the Prevention of Thrombosis-
related Events)-1 and ADVANCE-2 trials included
patients undergoing total knee replacement (TKR) while
the ADVANCE (The Apixaban Dosed Orally Versus
Anticoagulation with Injectable Enoxaparin to Prevent
Downloaded for Anonymous User (n/a) at American University of
2024. For personal use only. No other uses without permission
Venous Thromboembolism)-3 trial encompassed patients
undergoing total hip replacement (THR). All three trials
used the same apixaban dose regimen of 2.5 mg twice
daily 12–24 hours following surgery, which was adminis-
tered for 10 to 14 days in patients undergoing TKR and
for 35 days in those undergoing THR.

The ADVANCE-1 trial involved 3,195 subjects who
either received apixaban or enoxaparin 30 mg twice daily.
Rates of the primary efficacy endpoint were similar
between both groups (9.0% v 8.8%; P ¼ .06); however,
apixaban did not meet the prespecified statistical criteria
for non-inferiority compared to enoxaparin. Rates of
major bleeding episodes were lower in patients receiving
apixaban compared to those on enoxaparin and reached
borderline significance (0.7% v 1.4%; P ¼ .05).16

The ADVANCE-2 involved 3,075 patients receiving
apixaban or enoxaparin at a dose of 40 mg once daily 12
hours preoperatively. Unlike the similar efficacy outcome
seen in the ADVANCE-1, the ADVANCE-2 results
showed that apixaban was superior to enoxaparin for the
prevention of total VTE or all-cause mortality. The
primary efficacy rates for apixaban compared to enoxa-
parin were 15% versus 24% (P o.0001), respectively.
The safety outcome of major bleeding was similar between
both groups (0.6% v 0.9%; P ¼ .09).17

Also the ADVANCE-3, which involved 5,407
patients, showed superior efficacy outcome with the use
of apixaban compared to enoxaparin 40 mg once daily
(1.4% v 3.9%; P o.001). As with all the other
ADVANCE trials, bleeding episodes were similar between
the two groups (0.8% v 0.7%; P ¼ .54).18 In all three
trials, the rates of major or clinically relevant non-major
bleeding episodes were lower with apixaban but did not
reach statistical significance. Following the results of these
trials, apixaban was approved by the European Commis-
sion for prevention of VTE in patients undergoing THR
or TKR.

Apixaban was also evaluated for the prevention of VTE
in acutely ill medical patients in the ADOPT trial (The
Apixaban Dosing to Optimize Protection from Throm-
bosis).19 In this phase III trial, apixaban 2.5 mg twice daily
for 30 days was compared to enoxaparin 40 mg once daily
for 6–14 days followed by placebo up to 30 days in 6,528
patients aged 40 years or older with congestive heart
failure, respiratory failure, or other medical illness in
conjunction with one additional VTE risk factor. At 30
days, the primary efficacy endpoint (VTE-related death,
PE, symptomatic DVT, or asymptomatic proximal leg
DVT) was assessed in 4,495 patients as detected by
systematic bilateral compression ultasonography. Primary
efficacy events occurred in 2.7% of patients on apixaban
and 3.1% of patients on enoxaparin (P ¼ .44). The rates
of major bleeding events were significantly lower in the
enoxaparin group (0.47% v 0.19%; P ¼ .04).19 Hence,
extended thromboprophylaxis with apixaban was not
superior to a shorter course with enoxaparin and was
associated with more bleeding events.
 Beirut from ClinicalKey.com by Elsevier on March 26, 
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Table 2. Major Clinical Trials for VTE Prevention in Orthopedic and Acutely Ill Medical Patients

Clinical Trial Indication Subjects Prophylaxis Comparator Primary Efficacy Outcome
Safety Outcome (major
bleeding)

ADVANCE-116 TKR 3,195 Apixaban
2.5 mg BID
for 10–14
days

Enoxaparin 30 mg Q
12 h for 10–14
days

9% apixaban v 8.8% enoxaparin
(P ¼ .06 failed non–inferiority)

0.7% apixaban v 1.4%
enoxaparin (P ¼ .05)

ADVANCE-217 TKR 3,057 Apixaban
2.5 mg BID
for 10–14
days

Enoxaparin 40 mg
/day for 10–14
days

15% apixaban v 24% enoxaparin
(P o.0001 superiority)

0.6% apixaban v 0.9%
enoxaparin (P ¼ .09)

ADVANCE-318 THR 5,407 Apixaban
2.5 mg BID

Enoxaparin 40 mg/
day

1.4% apixaban v 2.9% enoxaparin
(P o.001 superiority)

0.8% apixaban v 0.7%
enoxaparin (P ¼ .54)

ADOPT19 Medical
patients

6,528 Apixaban
2.5 mg BID
for 30 days

Enoxaparin 40 mg/
day for 6–14 days
followed by
placebo up to 30
days

2.71% apixaban v 3.06% enoxaparin
(P ¼ .44)

0.47% apixaban v 0.19%
enoxaparin (P ¼ .04)

RECORD-122 THR 4,541 Rivaroxaban
10 mg/day
for 31–39
days

Enoxaparin 40 mg/
day for 31–39 days

1.1% rivaroxaban v 3.7% enoxaparin
(Po0.001 superiority)

0.3% rivaroxaban v 0.1%
enoxaparin (P ¼ .18)

RECORD-223 THR 2,509 Rivaroxaban
10 mg/d for
31–39 days

Enoxaparin 40 mg/d
for 10–14 days
followed by
placebo

2.0% rivaroxaban v 9.3% enoxaparin
(P o.0001 superiority)

o0.1% rivaroxaban v 0.1%
enoxaparin (P ¼ .98)

RECORD-324 TKR 2,531 Rivaroxaban
10 mg/d for
10–14 days

Enoxaparin 40 mg/d
for 10–14 days

9.6% rivaroxaban v 18.9% enoxaparin
(P o.001 superiority)

o0.6% rivaroxaban v 0.5%
enoxaparin (P ¼ .77)

RECORD-425 TKR 3,148 Rivaroxaban
10 mg/d for
10–14 days

Enoxaparin 30 mg Q
12 h for 10–14
days

6.9% rivaroxaban v 10.1% enoxaparin
(P ¼ .0118 superioity)

0.7% rivaroaban v 0.3%
enoxaparin (P ¼ .1096)

MAGELLAN27 Medical
patients

8,101 Rivaroxaban
10 mg/d for
35 days

Enoxaparin 40 mg/d
for 10–14 days
followed by
placebo up to 35
days

Day 10: 2.7% rivaroxabn v 2.7%
enoxaparin (P ¼ .003 non–inferiority)
Day 35: 4.4% rivaroxaban v 5.7%
enoxaparin (P ¼ .02 superiority)

Day 10: 2.8% rivaroxaban v
1.2% enoxaparin (P o.001)
Day 35: 4.1% rivaroxaban v
1.7% enoxaparin (P o.001)
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STARS E-332 TKR 716 Edoxaban
30 mg/d for
11–14 days

Enoxaparin. 20 mg
Q 12 h for 11–14
days

7.4% edoxaban v 13.9% enoxaparin
(P ¼ .01 superiority)

6.2% edoxaban v 3.7%
enoxaparin (P ¼ .129)

STARS J-531 THR 610 Edoxaban
30 mg/d for
11–14 days

Enoxaparin. 20 mg
Q 12 h for 11–14
days

2.5% edoxaban v 6.9% enoxaparin
(P ¼ .0157 superiority)

2.6% edoxaban v 3.7%
enoxaparin (P ¼ .475)

RE-MODEL33 TKR 2,076 Dabigatran
220 mg/d or
150 mg/d
for 6–10
days

Enoxaparin 40 mg/d
for 6–10 days

37.7% enoxaparin v 36.4% dabigatran
220 mg (P ¼ .0003 non–inferiority)
and 40.5% dabigatran 150 mg
(P ¼ .017 non–inferiority)

1.3% enoxaparin v 1.5%
dabigatran 220 mg (P ¼ .82)
and 1.3% dabigatran 150
mg (P¼1.0)

RE-MOBILIZE34 TKR 2,615 Dabigatran
220 mg/d or
150 mg/d
for 12–15
days

Enoxaparin 30 mg Q
12 h for 12–15
days

25% enoxaparin v 31% dabigatran
220 mg (P ¼ .02 inferiority) and 34%
dabigatran 150 mg (P o.001
inferiority)

1.4% enoxaparin v 0.6%
dabigatran 220 mg and
0.6% dabigatran 150 mg
(no difference)

RE-NOVATE35 THR 3,494 Dabigatran
220 mg/d or
150 mg/d
for 28–35
days

Enoxaparin 40 mg/d
for 28–35 days

6.7% enoxaparin v 6% dabigatran 220
mg (P o.0001 non–inferiority) and
8.6% dabigatran 150 mg (P o.0001
non–inferiority)

1.6% enoxaparin v 2.0%
dabigatran 220 mg (P ¼ .44)
and 1.3% dabigatran 150
mg (P ¼ .6)

RE-NOVATE 236 THR 2,055 Dabigatran
220 mg/d or
150 mg/d
for 28–35
days

Enoxaparin 40 mg/d
for 28–35 days

8.8% enoxaparin v 7.7% dabigatran
(P o.0001 non–inferiority)

0.9% enoxaparin v 1.4%
dabigatran (P ¼ .40)

Abbreviations: TKR, total knee replacement; THR, total hip replacement; Q, every; BID, twice daily.
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Finally, a pilot study was conducted to evaluate the
tolerability and acceptability of apixaban in cancer patients
receiving chemotherapy.20 One hundred twenty-five subjects
receiving either first- or second-line chemotherapy for
advanced or metastatic disease were randomized to 5, 10,
or 20 mg apixaban once daily or to placebo in a double-
blind manner for 12 weeks. Overall, the rate of major
bleeding in the 93 apixaban patients was 2.2%, while no
patients developed symptomatic VTE (in comparison
to three patients in the placebo group). These results
support further evaluation of apixaban in phase III trials
for the prevention of VTE in cancer patients on
chemotherapy.
RIVAROXABAN

Pooled analysis of two phase II trials revealed that
major bleeding was significantly correlated with increased
rivaroxaban dose (P o.001). Major bleeding occurred in
0.9%, 1.3%, 2.1%, 3.9%, and 7.0% of patients receiving
rivaroxaban at doses of 5, 10, 20, 40, and 60 mg,
respectively, versus 1.7% of patients receiving enoxaparin.
The results showed that rivaroxaban at total daily doses of
5–20 mg had the most favorable balance of efficacy and
safety, relative to enoxaparin.21

Rivaroxaban was assessed in four phase III clinical trials
following orthopedic surgery by comparing its efficacy and
safety outcomes to that of enoxaparin (Table 2). The
Regulation of Coagulation in Orthopedic Surgery to
Prevent Deep Venous Thrombosis and Pulmonary Embo-
lism 1 (RECORD 1)22 and RECORD 223 trials included
patients undergoing THR while the RECORD 324 and
RECORD 425 involved patients after TKR. In all four
trials, rivaroxaban was given at a dose of 10 mg daily while
enoxaparin was administered at a dose of 40 mg daily in
the first three trials and at a dose of 30 mg twice daily in
the RECORD 4 trial. Treatment duration with rivarox-
aban was 31–39 days in RECORD 1 and RECORD
2 and 10–14 days in RECORD 3 and RECORD 4.
Enoxaparin was given for 31–39 days in RECORD 1 and
for 10–14 days followed by placebo in the RECORD 2.
The efficacy outcomes in all trials included symptomatic
and asymptomatic VTE and all-cause mortality. In all four
trials, the rate of primary efficacy endpoints was signifi-
cantly lower with rivaroxaban compared to enoxaparin
(Table 2). The rate of major bleeding episodes was similar
between rivaroxaban and enoxaparin. However, a pooled
analysis of the four trials revealed that rivaroxaban was
associated with a small but statistically significant increase
in major plus clinically relevant non-major bleeding.26

Nevertheless, rivaroxaban at a dose of 10 mg daily 6–8
hours postoperatively is approved in the United States and
European Union for VTE prevention in patients under-
going TKR and THR surgeries.

The efficacy of rivaroxaban was also assessed in acutely
ill medical patients in the MAGELLAN (Multicenter,
rAndomized, parallel Group Efficacy and safety study for
Downloaded for Anonymous User (n/a) at American University of
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the prevention of VTE in hospitalized acutely iLL medical
patients comparing rivaroxab an with enoxaparin)27 trial
(Table 2). A total of 8,101 patients were randomized to
receive either rivaroxaban at 10 mg daily for 35 days or
enoxaparin 40 mg daily for 10–14 days followed by
placebo up to 35 days. The primary efficacy outcome
(composite of asymptomatic proximal or symptomatic
VTE) occurred in 2.7% of patients on enoxaparin and
2.7% of patients on rivaroxaban on day 10 (P ¼ .003 for
non-inferiority) and in 5.7% on enoxaparin and 4.4% on
rivaroxaban on day 35 (P ¼ .02 for superiority) thus
demonstrating that the extended-duration with rivarox-
aban regimen is superior to enoxaparin/placebo regimen.27

However, rivaroxaban was associated with significantly
more bleeding events compared to enoxaparin at day 10
(2.8% v 1.2%; P o.001) and at day 35 (4.1% v 1.7%;
P o.001). Rates of other adverse events, including liver
and cardiovascular events, and all-cause mortality were
similar between treatment regimens.
EDOXABAN

Edoxaban for VTE prevention following orthopedic
surgery was initially assessed in two phase II trials
following THR surgery and one following TKR surgery.
Edoxaban at doses of 15 mg or 30 mg once daily was
compared to enoxaparin at 20 mg twice daily. The
incidences of thromboembolic events were 3.8% and
2.8% in the 15-mg and 30-mg edoxaban groups compared
to 4.1% in the enoxaparin group.28 The incidence of
major and clinically relevant non-major bleeding was
2.2%, 1.2% in the 15-mg and 30-mg edoxaban groups
and 2.3% in the enoxaparin group. The incidences of
VTE in patients receiving 15, 30, 60, and 90 mg of
edoxaban were 28.2%, 21.2%, 15.2%, and 10.6%,
respectively, compared with 43.8% in those receiving
dalteparin (P o.005 ). There was also a statistically
significant dose-response for efficacy across the edoxaban
dose groups for total VTE and for major VTE
(P o.001).29 Similarly, edoxaban resulted in a significant
dose-related reduction in VTE; the incidenced of VTE in
patients receiving 5, 15, 30, and 60 mg of edoxaban were
29.5%, 26.1%, 12.5%, and 9.1%, respectively.30 In both
trials, the incidence of bleeding episodes was similar across
the groups.

Based on these encouraging results, two phase III trials
for VTE prevention following orthopedic surgery were
conducted with edoxaban in Japan (Table 2). In all of
these trials, edoxaban 30 mg once daily was compared to
enoxaparin 20 mg twice daily. Treatment duration was for
11–14 days. Enoxaparin was initiated 24–36 hours after
surgery while edoxaban was initiated 6–24 hours after
surgery. The phase III STARS J-5 trial included 610
patients undergoing elective THR surgery.31 The primary
efficacy outcome occurred in 2.4% of patients receiving
edoxaban and in 6.9% of patients receiving enoxaparin
(P o.001 for non-inferiority; P ¼ .0157 for superiority).
 Beirut from ClinicalKey.com by Elsevier on March 26, 
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There was no significant difference in safety outcome of
major bleeding between the two groups. The phase III
STARS E-3 trial included 710 patients undergoing TKR.32

The rate of total VTE was lower with edoxaban than with
enoxaparin (7.4% and 13.9%, respectively; P ¼ .01). The
rates of major and clinically relevant non-major bleeding
were similarly low in the two groups.
DABIGATRAN ETEXILATE

The efficacy of dabigatran in prevention of VTE
was assessed in four phase III trials (Table 2). The
RE-MODEL trial evaluated dabigatran at 2 doses,
220 mg and 150 mg once daily, with enoxaparin 40 mg
twice daily in 2,076 patients undergoing TKR.33 The
primary efficacy outcome occurred in 36.4%, 40.5%, and
37.7% in patients on 220 mg dabigatran, 150 mg
dabigatran, and enoxaparin, respectively. Dabigatran was
non-inferior to enoxaparin. In the RE-MOBILIZE trial,
2,615 patients following TKR were randomized to dabi-
gatran at 220 mg or 150 mg and enoxaprin at 30 mg twice
daily. Dabigatran in this trial failed to show non-inferiority
compared to enoxaparin.34 The RE-NOVATE and
RE-NOVATE 2 trials involved patients undergoing
THR surgeries and compared dabigatran to enoxaparin
at a dose of 40 mg once daily for a period of 28–35 days.
The RE-NOVATE randomized 3,494 patients to dabiga-
tran (150 mg or 220 mg) or to enoxaparin.35 The primary
efficacy outcome occurred in 6%, 8.6%, and 6.7% in
patients receiving dabigatran at 220 mg, 150 mg, and
enoxaparin, respectively. Dabigatran was shown to be non-
inferior to enoxaparin. Similar results were achieved in the
RE-NOVATE 2, which randomized 2,055 patients to
dabigatran 220 mg or enoxaparin.36 The primary efficacy
outcome occurred in 7.7% of patients on dabigatran and
in 8.8% of patients on enoxaparin. In all of these trials,
there was no difference in the primary safety outcome of
major bleeding between dabigatran and enoxaparin
(Table 2). Based on these results, dabigatran was approved
for the prevention of VTE following THR and TKR
surgeries in the European Union and Canada.
DISCUSSION

Overall, the direct oral anticoagulants showed a favor-
able benefit-to-risk profile in the prevention of VTE in
major orthopedic surgery, making their use an appealing
alternative to conventional anticoagulation. Although
apixaban failed to achieve the prespecified non-inferiority
when compared to enoxaparin in the ADVANCE-116

trial, where the dose of enoxaparin employed was 30 mg
twice daily, in the ADVANCE-217 and ADVANCE-318

trials this drug was non-inferior to enoxaparin, which was
administered at a lower dose of 40 mg once daily. Simi-
larly, the two dabigatran doses of 150 mg and 220 mg
were non-inferior to enoxaparin 40 mg daily in THR and
in TKR.33,35,36 However, when dabigatran was compared
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to enoxaparin at 30 mg twice daily, it was inferior to
enoxaparin.34 It is likely that the twice-daily enoxaparin
dose was superior in these trials due to the higher total
daily dose (60 mg). Also, delaying the start of dabigatran
after surgery by 12–24 hours in the RE-MOBILIZE trial
may have influenced this result compared to initiating
dabigatran 1–4 hours following surgery in the other trials,
which compared dabigatran to enoxaparin at 40 mg once
daily.34 Of interest, rivaroxaban was superior to enoxa-
parin at both doses of 30 mg twice daily and 40 mg once
daily.22–25 The dose of enoxaparin used in the phase III
trials with edoxaban involved a different dosing schedule
than in the clinical trials conducted with the other novel
oral anticoagulants. Indeed, the dose of enoxaparin
employed in both the STARS E-3 and STARS J-5 trials
was 20 mg twice daily.31,32 Nevertheless, edoxaban was
found to be superior to enoxaparin in this setting follow-
ing THR and TKR surgeries.

Based on these encouraging results, the 9th edition of the
American College of Chest Physicians (ACCP) Evidence-
Based Clinical Practice Guidelines recommended the use of
LMWH, fondaparinux, apixaban, dabigatran, rivaroxaban,
low-dose UFH, adjusted-dose VKA, aspirin (all grade 1B),
or an intermittent pneumatic compression device (grade 1C)
for a minimum of 10–14 days in patients undergoing THR
or TKR surgeries.37 However, much skepticism remains
regarding the usage of these oral anticoagulants in orthope-
dic patients. The long-term safety outcomes of these drugs
are still unknown and none of the novel anticoagulants has
yet a definite antidote to overcome the effects of major
bleeding should they occur. Hence, the 9th ACCP guide-
lines showed a preference in the use of LMWHs over the
novel oral anticoagulants and the other alternatives.37

Dabigatran and apixaban are to be reserved to patients
who decline or are uncooperative with injections or inter-
mittent pneumatic compression. Rivaroxaban or dose-adjus-
ted warfarin are suggested in case dabigatran and apixaban
are not available.37

It is well known that the risk of VTE continues well
beyond the hospital stay both in medically ill and in
surgical patients. In the study by Spencer et al, 74% of
VTE events occurred in the outpatient setting.1 This
highlights the need for appropriate preventive measures
that are extended beyond the hospital stay. Extended
prophylaxis with LMWH versus placebo was assessed in
three systematic reviews of seven trials enrolling more than
2,600 patients mainly after THR and one trial in TKR
patients.38–40 No PE was observed in the LMWH group
compared with 5 of 1,104 in the placebo group and
symptomatic DVT was reduced by more than half in those
receiving LMWH. Similar results were achieved with
extended prophylaxis with fondaparinux but at the expense
of major bleeding events.41 Superiority over enoxaparin in
orthopedic patients undergoing extended duration prophy-
laxis was evident in the RECORD 1,22 RECORD 2,23 and
ADVANCE 318 trials and non-inferiority with extended
duration dabigatran compared to enoxaparin in the
 Beirut from ClinicalKey.com by Elsevier on March 26, 
. Copyright ©2024. Elsevier Inc. All rights reserved.



P. Prandoni et al128
RE-NOVATE35 and RE-NOVATE 236 trials. The ACCP
guidelines have also recommended extended prophylaxis
to up to 35 days from the day of surgery over the duration
of 10–14 days in patients undergoing THR or TKR
surgeries.37

Extended duration VTE prophylaxis was also assessed
in medical patients in the EXCLAIM study.42 After
treatment with enoxaparin for 10 � 4 days, patients
were randomized to either extended prophylaxis with
enoxaparin 40 mg daily or placebo for 28 � 4 days.
Extended-duration enoxaparin was associated with a 1.5%
absolute risk reduction of VTE compared to placebo
(2.5% v 4%). The incidence of major bleeding was
higher in the enoxaparin group (0.8% v 0.3%). Those
benefiting from extended-duration enoxaparin were
women, patients older than 74 and those with level
1 immobility. Clinical trials with the new oral anti-
coagulants apixaban and rivaroxaban have been com-
pleted to address the issue of extended duration VTE
prophylaxis in the ADOPT and MAGELLAN trials. The
ADOPT trial revealed that extended duration apixaban
was not superior to 6–14 days of treatment with
enoxaparin.19 The MAGELLAN trial on the other hand
demonstrated the superiority of extended duration rivar-
oxaban compared to enoxaparin.27 However, major
bleeding was significantly higher in the group receiving
extended duration rivaroxaban. The ACCP guidelines do
not recommend extended duration of anticoagulant treat-
ment in acutely ill medical patients due to the increased
episodes of major bleeding. Moreover, due to the limited
data available with regards to the oral anticoagulant in the
acutely ill medical patient, the ACCP only recommends
anticoagulant thromboprophylaxis with LMWH, LDUH
or fondaparinux (grade 1B).43 It remains to be deter-
mined if a higher risk subgroup of medical patients would
benefit from extended prophylaxis with one of the new
oral anticoagulants. Betrixaban, another new oral FXa
inhibitor, is currently under evaluation for extended
prophylaxis at a dose of 80 mg once daily in comparison
with enoxaparin in the phase II APEX trial (Clinicaltrials.
gov identifier: NCT01583218). Dabigatran and edoxa-
ban have not yet been evaluated in patients hospitalized
for acute medical illness. While guidelines recommend
prophylaxis for hospitalized medical patients at risk of
thrombosis, the CURVE, ENDORSE, and IMPROVE
trials have shown that 16%, 40%, and 60% received
appropriate prophylaxis for VTE prevention.44–46 These
studies highlighted the need for a greater effort in
applying appropriate VTE prophylaxis for the hospitalized
medically ill patient population.
CONCLUSION AND FUTURE PERSPECTIVES

Systematically prolonging prophylaxis beyond the hos-
pital stay for preventing VTE in acutely ill medical
patients is currently not recommended because of the
associated bleeding risks. However, the identification of
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subgroups of high-risk patients who may benefit from
extending prophylaxis is needed. The potential for the
novel oral anticoagulants in this setting ought to be
explored in properly designed clinical trials. In orthopedic
patients, extended prophylaxis is warranted. Although they
show potential, the use of the novel anticoagulants for the
time being is to be reserved to orthopedic patients who
decline the use of LMWH. Future studies should attempt
to identify effective reversal agents to be used in case of
adverse effects such as a major bleed, and post-marketing
studies are needed for evaluating long-term safety
outcomes. When these matters are dealt with, the novel
oral anticoagulants are likely to replace conventional
prophylaxis.
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