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ABSTRACT
Worldwide, venous thromboembolism (VTE) is among the leading causes of death from 
cardiovascular disease, surpassed only by acute myocardial infarction and stroke. The 
spectrum of VTE presentations ranges, by degree of severity, from deep vein thrombosis 
to acute pulmonary thromboembolism. Treatment is based on full anticoagulation of the 
patients. For many decades, it has been known that anticoagulation directly affects the 
mortality associated with VTE. Until the beginning of this century, anticoagulant therapy 
was based on the use of unfractionated or low-molecular-weight heparin and vitamin K 
antagonists, warfarin in particular. Over the past decades, new classes of anticoagulants 
have been developed, such as factor Xa inhibitors and direct thrombin inhibitors, which 
significantly changed the therapeutic arsenal against VTE, due to their efficacy and 
safety when compared with the conventional treatment. The focus of this review was on 
evaluating the role of these new anticoagulants in this clinical context.

Keywords: Blood coagulation; Venous thromboembolism\therapy; Venous thromboembolism\
prevention and control.
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INTRODUCTION

Worldwide, venous thromboembolism (VTE) is the third 
leading cause of cardiovascular mortality, surpassed 
only by myocardial infarction and stroke,(1,2) and affects 
patients in various populations, including the pediatric 
population. (3,4) Deep vein thrombosis (DVT) is the most 
prevalent presentation of VTE, and its most severe 
form is acute pulmonary thromboembolism (PTE).(5) 
In both situations, the main treatment consists of full 
anticoagulation and is aimed at reducing VTE recurrence. 
Studies conducted in the 1960s systematically showed 
that anticoagulants reduce mortality when administered 
to patients with VTE in general(6) and to those with PTE 
in particular.(7)

Despite the fact that the anticoagulation cascade 
(Figure 1) has long been known, the choice of drugs 
that could actually influence it was initially limited. 
Although traditional anticoagulants were effective in 
the treatment of VTE,(8) practical difficulties in their 
management led to the development of new drugs for 
this purpose. Two groups of oral anticoagulants—factor 
Xa inhibitors (rivaroxaban, apixaban, and edoxaban) and 
direct thrombin inhibitors (dabigatran)—have recently 
been made available, and the evidence that justifies 
their use in VTE will be discussed below.

CLASSIC ANTICOAGULATION AND 
WARFARIN

The American College of Chest Physicians (ACCP) 
recommends, for teaching purposes, that VTE treatment 
be divided into three periods: an initial period, from 

diagnosis to the seventh day; a long-term period; and 
an extended period. In the initial period, an intravenous 
anticoagulant (unfractionated heparin) or a subcutaneous 
anticoagulant (enoxaparin, nadroparin, dalteparin, tin-
zaparin, or fondaparinux) is classically used. Subsequently, 
in the long-term period, intravenous or subcutaneous 
therapy is switched to oral therapy, which should be 
maintained for at least 3 months. The most extensively 
studied drugs in this condition are vitamin K antagonists, 
of which warfarin is the most prominent representative. 
Warfarin produces its effect by interfering with the cyclic 
interconversion of vitamin K and vitamin K 2,3-epoxide, 
thus blocking vitamin K-dependent coagulation factor 
synthesis (factors II, VII, IX, and X). Therefore, the 
anticoagulant effect of warfarin does not occur until the 
factors already present in the circulation are metabolized, 
a process that typically takes 36-72 h. During the first days 
of warfarin treatment, prolongation of the prothrombin 
time reflects only the loss of factor VII (the half-life of 
which is 5-7 h), and this does not represent adequate 
anticoagulation, given that the intrinsic clotting pathway 
remains functional. Efficient blockade of this pathway 
takes about 5 days (hence the ACCP recommendation 
to maintain intravenous or subcutaneous anticoagulant 
therapy during this period). After 3 months, at the end of 
the long-term period, the need to continue anticoagulant 
therapy should be assessed, and, that being the case, 
this extended period should last as long as the benefits 
of anticoagulation (prevention of VTE recurrence) surpass 
its potential harms (risk of bleeding).(9)

Warfarin treatment in the long-term and extended 
periods has proven to be effective in preventing VTE 
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recurrence.(10,11) A meta-analysis of 8 randomized 
studies involving 2,994 patients with PTE showed 
that patients who were treated with warfarin for an 
extended period were less likely to have recurrence 
(OR = 0.18; 95% CI: 0.13-0.26) than were those in 
whom warfarin was discontinued after 1-4 months of 
treatment.(12)

Despite being effective, the use of warfarin has a 
number of drawbacks.(13) Given the narrow therapeutic 
range of warfarin, there is a need for constant monitoring 
of its action, which is not always feasible. Recent data 
from the first cohort of the Global Anticoagulant Registry 
in the Field (GARFIELD) studyshow that, among 6,047 
patients on vitamin K antagonists, monitoring of drug 
action via the international normalized ratio (INR) was 
recorded for only 3,952 patients, and only 1,660 had a 
therapeutic level that met the current recommendation, 
with a time in therapeutic range (TTR) above 60%. (14) 
This is particularly true in Brazil. The Randomized 
Evaluation of Long-Term Anticoagulation Therapy 
(RE-LY) study showed that, whereas worldwide the 
mean TTR of the 6,000 patients on warfarin was 64%, 
it was only 54% among those in Brazil(15); that is, even 
in a situation that is closer to optimal than is clinical 
practice, within an international research protocol, the 
reality is that maintaining a warfarin-treated patient 
within an appropriate therapeutic range is costly and 
complex.

Another difficulty with the use of warfarin is the 
issue of safety. As with any anticoagulant, there is 
the fear of bleeding as a side effect of its use.(16) 
An argument in favor of the use of warfarin is the 
theoretical possibility of monitoring the intensity of 
anticoagulation, via the INR (prothrombin time test 
results). Therefore, if a patient had an INR within 

the therapeutic range (between 2 and 3), the risk of 
bleeding would be minimal or nonexistent. However, 
evidence from the most recent studies shows that, 
whereas patients with a TTR above 60% have a lower 
rate of VTE recurrence, the same is not true for the 
bleeding rates.(17) In other words, keeping INR levels 
stable and within the recommended range does not 
reduce the risk of bleeding; it affects only the risk of 
recurrence.

Other drawbacks of the use of warfarin include 
multiple food and drug interactions, impairment of 
patient quality of life, and difficulty of management 
for physicians, which ultimately implies suboptimal 
therapy, given the fear of adverse events.(13)

Based on the problems experienced in the use of 
vitamin K antagonists, it is possible to devise some 
theoretical characteristics of an optimal anticoagulant: 
oral administration; a rapid onset of action; a short 
half-life; a wide therapeutic margin; therapeutic 
effect prediction with a fixed dose or based on body 
weight; few drug or food interactions; monitoring not 
required (but possible if desired); well-established 
pharmacokinetics in the presence of hepatic or renal 
failure; easily reversible effects in the presence of 
bleeding; and cost-effectiveness. These principles 
have led, in the last decade, to the emergence of new 
anticoagulants (Table 1) with properties aimed at filling 
such gaps, thereby improving outpatient anticoagulation 
in patients with VTE, which, in the last 50 years, has 
remained at the same level and has been based on 
the use of vitamin K antagonists.

DABIGATRAN

Dabigatran is a direct thrombin (or factor II) inhibitor. 
It is an oral drug that is administered in prodrug form, 
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Figure 1. Anticoagulation cascade with the sites of action of the anticoagulants.
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with no interaction with food. Its onset of action occurs 
within 2 h of administration, and its half-life is 12-17 
h. Because 80% of dabigatran is excreted by the 
kidneys, its use is contraindicated in patients with a 
creatinine clearance < 30 mL/min. Its bioavailability 
is 3-7% of the administered dose. Dabigatran causes 
clinically relevant dyspepsia in 5-10% of cases, and 
concomitant proton pump inhibitor use reduces 
dabigatran absorption by 20-30%.(18)

Dabigatran was the first new anticoagulant to be 
systematically evaluated for the treatment of VTE. 
In one study,(19) 2,539 patients with acute VTE 
(70% with DVT, 20% with PTE, and 10% with both) 
were randomized, after being treated with full-dose 
enoxaparin for 5 days, to receive either dabigatran 
150 mg every 12 h or warfarin. After 6 months of 
treatment, dabigatran proved to be as effective as 
warfarin in preventing VTE recurrence (2.4% vs. 2.1%; 
p < 0.001 for non-inferiority). Dabigatran proved to 
be superior to the conventional treatment in terms of 
“any bleeding” (16.1% vs. 21.9%; 95% CI: 0.59-0.85) 
and to be equivalent to it in terms of “major bleeding” 
(1.6% vs. 1.9%; 95% CI: 0.45-1.48). Of the patients 
on dabigatran, 9% had to discontinue treatment 
because of adverse events, compared with 6.8% of 
the patients on warfarin (p = 0.05).(19)

The initial data on dabigatran were quite encouraging. 
Dabigatran proved to be as effective as and potentially 
safer than the conventional treatment of VTE, if not 
in the initial period then at least in the long-term 
period. Extended treatment of VTE with dabigatran 
was evaluated in two randomized, double-blind 
trials. (20) In those trials, patients who had been on full 

anticoagulation for at least 3 months were randomized 
to receive dabigatran, warfarin, or placebo for 18 
months, on average. In the dabigatran vs. warfarin 
study, 26 of a total of 1,430 patients in the dabigatran 
group (1.8%) had VTE recurrence, compared with 
18 of 1,426 patients in the warfarin group (1.3%; p 
= 0.01 for non-inferiority). Major bleeding occurred 
at similar rates (0.9% in the dabigatran group vs. 
1.8% in the warfarin group; 95% CI: 0.27-1.02). In 
terms of “all types of bleeding”, dabigatran proved 
to be superior to warfarin (relative risk [RR] = 0.54; 
95% CI: 0.41-0.71). Of note in that study is that 
patients in the dabigatran group had a higher rate 
of acute coronary syndrome events than did those 
in the warfarin group (0.9% vs. 0.2%; p = 0.02). In 
the dabigatran vs. placebo study, VTE recurred in 3 
of 681 patients (0.4%) in the dabigatran group and 
in 37 of 681 patients (5.6%) in the placebo group 
(p < 0.001). Major bleeding occurred in 0.3% of the 
patients in the dabigatran group and in none of those 
in the placebo group. “Any bleeding” occurred in 5.3% 
of the patients in the dabigatran group and in 1.8% 
of those in the placebo group (RR = 2.92; 95% CI: 
1.52-5.60). There were no differences in the rate of 
acute coronary syndrome events.(20)

Although the finding related to coronary events in 
long-term studies was striking, as was some difficulty 
in profiling adverse events, especially adverse gastro-
intestinal events, dabigatran proved to be a viable, 
effective, and potentially safer alternative to warfarin 
for the treatment of VTE, both in the long-term period 
and in the extended period. Caution is recommended 
if dabigatran is used in patients with a history of 

Table 1. Studies of new oral anticoagulants for the treatment of venous thromboembolism.
Drug Mechanism Study Doses Treatment 

duration, 
months

Efficacy (fatal 
VTE recurrence; 
non-inferiority))

Safety 
(MB or MRB)

Dabigatran

Thrombin 
inhibitor

Schulman 
et al.(19)

Enoxaparin/
dabigatran 150 mg 
every 12 h

6 Dabigatran (2.4%) 
vs. warfarin (2.1%)

MB: dabigatran 
(1.6%) vs. 
warfarin (1.9%)

Dabigatran Schulman
et al.(47)

Enoxaparin/
dabigatran 150 mg 
every 12 h

6 Dabigatran (2.3%) 
vs. warfarin (2.2%)

MB: dabigatran 
(0.3%) vs. 
warfarin (0.0%)

Rivaroxaban

Factor Xa 
inhibitor

EINSTEIN 
Investigators
et al.(21)

Rivaroxaban 15 mg 
every 12 h for 3 
weeks; 20 mg/day

3, 6, or 12 Rivaroxaban (2.1%) 
vs. warfarin (3.0%)

MRB: 
rivaroxaban 
(8.1%) vs. 
warfarin (8.1%)

Rivaroxaban EINSTEIN 
Investigators
et al.(22)

Rivaroxaban 15 mg 
every 12 h for 3 
weeks; 20 mg/day

3, 6, or 12 Rivaroxaban (2.1%) 
vs. warfarin (1.8%)

MRB: 
rivaroxaban 
(10.3%) vs. 
warfarin 
(11.4%)

Apixaban Factor Xa 
inhibitor

Agnelli
et al.(23,24)

Apixaban 10 mg 
every 12 h for 7 
days; 5 mg every 
12 h

6 Apixaban (2.3%) vs. 
warfarin (2.7%)

MB: apixaban 
(0.6%) vs. 
warfarin (1.8%)

Edoxaban Factor Xa 
inhibitor

Hokusai-VTE 
Investigators
et al.(25)

Low-molecular-
weight heparin for 
5 days; edoxaban 
60 mg/day

3-12 Edoxaban (3.2%) vs. 
warfarin (3.5%)

MRB: edoxaban 
(8.5%) vs. 
warfarin 
(10.3%)

VTE: venous thromboembolism; MB: major bleeding; and MRB: major/relevant bleeding.
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coronary artery disease, dyspepsia, or renal failure. The 
recommended dose for VTE treatment with dabigatran, 
following a 5-day course of parenteral or subcutaneous 
anticoagulation, is 150 mg every 12 h. If the estimated 
creatinine clearance is < 30 mL/min, dabigatran is 
contraindicated. Patients with a creatinine clearance 
of 30-50 mL/min and > 80 years of age should use 
a 110-mg dose every 12 h, as should those who are 
at high risk of bleeding. A 110-mg dose every 12 h 
can also be considered for patients > 80 years of age 
even if they have a creatinine clearance > 50 mL/min.

RIVAROXABAN

Rivaroxaban is a factor Xa antagonist. It is an oral 
drug that is administered in its active form. Its onset 
of action occurs within 2-3 h of administration. The 
bioavailability of rivaroxaban is increased when it is 
administered with food (66% without food and 100% 
with food); it is therefore recommended that it be 
administered with food. No significant dyspeptic effects 
or reduction in rivaroxaban absorption are observed 
with concomitant use of proton pump inhibitors. 
Approximately 35% of rivaroxaban is excreted by the 
kidneys; its half-life is 5-9 h in young individuals and 
11-13 h in elderly individuals. There is interaction with 
drugs that are metabolized by (hepatic) cytochrome 
CYP3A4, such as ketoconazole, ritonavir, clarithromycin, 
and erythromycin.(18)

The first randomized study evaluating rivaroxaban in 
patients with VTE was published in 2010. The EINSTEIN 
program produced significant advances in this field in 
two aspects: patients with DVT(21) and patients with 
PTE(22) were evaluated separately, the latter being 
known to be patients with different severity of disease 
and different prognoses; and the protocols of the 
randomized trials were the first to propose replacing 
the intravenous or subcutaneous anticoagulation of the 
initial phase after the diagnosis of VTE directly with 
an oral drug, inaugurating the single drug approach. 
Therefore, the proposal was to treat the episode of 
VTE (either DVT or PTE) with a single oral drug from 
diagnosis through the long-term period (up to 3 
months) and the extended period.

In the study published in 2010, called EIN-
STEIN-DVT,(21) 3,449 patients with DVT were randomized 
to receive either rivaroxaban (15 mg every 12 h for 3 
weeks, followed by 20 mg every 24 h for 3, 6, or 12 
months after the diagnosis of acute VTE) or enoxaparin 
(1 mg/kg every 12 h for at least 5 days, followed by 
warfarin for the same period). Rivaroxaban proved 
to be as effective as the conventional treatment in 
terms of the rate of VTE recurrence (2.1% vs. 3.0%; 
p < 0.001 for non-inferiority). The bleeding rate was 
identical in the two groups (8.1%). In addition, the 
same study included a group called EINSTEIN-Extension, 
in which, after being treated for VTE for at least 3 
months, 1,196 patients were randomized to receive 
either rivaroxaban or placebo for 12 months. There 
was VTE recurrence in 1.3% of the patients who 
received rivaroxaban, compared with 7.1% of the 

patients in the placebo group (p < 0.001), and 0.7% 
of the patients in the rivaroxaban group had nonfatal 
major bleeding, compared with none in the placebo 
group (p = 0.11).(21)

In 2012, the EINSTEIN-PE (Pulmonary Embolism) 
study was published.(22) In that study, 4,832 patients 
with acute PTE were randomized to receive either 
rivaroxaban (15 mg every 12 h for 3 weeks, followed 
by 20 mg/day for 3, 6, or 12 months after the diagnosis 
of acute PTE) or enoxaparin (1 mg/kg every 12 h for 
at least 5 days, followed by warfarin for the same 
period). Rivaroxaban proved to be as effective as the 
conventional treatment with warfarin in terms of the 
rate of VTE recurrence (2.1% vs. 1.8%; p = 0.003 for 
non-inferiority). The bleeding rate in the rivaroxaban 
and conventional treatment groups was 10.3% and 
11.4%, respectively (p = 0.23). However, rivaroxaban 
had a quite favorable result in terms of “major bleeding” 
when compared with warfarin: 1.1% vs. 2.2% (RR = 
0.49; 95% CI: 0.31-0.79; p = 0.003). This benefit in 
terms of major bleeding occurred early in therapy and 
is therefore not due only to the presence of warfarin in 
the conventional treatment. Even in the initial period 
of enoxaparin therapy, rivaroxaban had a better safety 
profile than did the conventional treatment. It is worth 
emphasizing that patients who had hemodynamic 
instability or required thrombolytic therapy were not 
included in that study.(22)

The studies comprising the EINSTEIN program showed 
that rivaroxaban was as effective as the conventional 
treatment (enoxaparin in the acute phase and warfarin 
in the long-term and extended periods) in the treatment 
of acute VTE, providing significant benefits in the rate 
of major bleeding. Therefore, it became possible to 
administer a single drug, from the time the diagnosis 
is made, for the treatment of both DVT and PTE, with 
similar efficacy to and with potentially greater safety 
than that of the conventional treatment.

For the treatment of VTE, rivaroxaban should be used 
at a dose of 15 mg every 12 h for 3 weeks. Thereafter, for 
the long-term and extended treatment periods, a dose 
of 20 mg/day is recommended. During these periods, if 
the patient has a creatinine clearance of 15-50 mL/min 
or is > 75 years of age, the recommended dose is 15 
mg/day. For patients with a creatinine clearance < 15 
mL/min, the use of rivaroxaban in not recommended. 
The convenient dosing schedule (a single daily dose) 
is a factor to be considered, because it can influence 
patient adherence to the treatment, improving its 
results. However, it is important to emphasize to 
patients that strict adherence to rivaroxaban therapy 
is necessary, given that missing even a single dose is 
sufficient to reverse its anticoagulant effect, leaving 
patients unprotected and therefore susceptible to 
having another VTE event.

APIXABAN

Apixaban is a factor Xa antagonist. It is an oral drug 
that is administered in its active form. Its onset of action 
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occurs within 3 h of administration. The bioavailability 
of apixaban is 50% and does not depend on food. No 
significant dyspeptic effects or reduction in apixaban 
absorption are observed with concomitant use of proton 
pump inhibitors. Approximately 27% of apixaban is 
excreted by the kidneys, and its half-life is 12 h. There 
is mild interaction with drugs that are metabolized by 
(hepatic) cytochrome CYP3A4.(18)

In 2013, the results of the Apixaban for the initial 
Management of PuLmonary embolism and deep-vein 
thrombosis as fIrst-line therapY (AMPLIFY) trial were 
published.(23) In that trial, 5,395 patients with acute 
VTE (65% with DVT, 25% with PTE; and 10% with 
both) were randomized to receive either apixaban (10 
mg every 12 h for 7 days, followed by 5 mg every 
12 h for 6 months); or conventional anticoagulant 
therapy—subcutaneous enoxaparin followed by warfarin. 
Again the choice was to use a single drug, from the 
time the diagnosis of VTE was made. Apixaban was 
as effective as the conventional treatment in terms 
of VTE recurrence (2.3% vs. 2.7%; p < 0.001 for 
non-inferiority). Apixaban had a better safety profile, 
with a rate of major bleeding of 0.6%, compared with 
1.8% for the conventional treatment (RR = 0.31; 95% 
CI: 0.17-0.55; p < 0.001).

Another study, the AMPLIFY-Extension trial, was 
published in 2013.(24) In that study, 2,486 patients with 
VTE who had completed 6 to 12 months of treatment 
with anticoagulants were randomized to receive 
apixaban 2.5 mg every 12 h, apixaban 5 mg every 12 
h, or placebo (all of which were administered for 12 
months). The rate of VTE recurrence was 8.8% in the 
placebo group, 1.7% in the apixaban 2.5 mg group, 
and 1.7% in the apixaban 5 mg group (p < 0.001 for 
both comparisons with the placebo group). The safety 
results reported in that study were also quite significant: 
the rates of major bleeding were 0.5%, 0.2%, and 
0.1%, respectively, in the placebo, apixaban 2.5 mg, 
and apixaban 5 mg groups, whereas the rates of minor 
bleeding were 2.3%, 3.0%, and 4.2%.

Studies based on the AMPLIFY trials reported that 
apixaban has a good efficacy profile and superior efficacy 
when compared with the conventional treatment, being 
another drug that can be used as an anticoagulant in 
the initial phase of the treatment of VTE. In addition, 
full-dose and prophylactic dose apixaban was shown 
to have an excellent safety profile in the extended 
treatment period, preventing late VTE recurrence 
without increasing the bleeding rates.

The dosing schedule of apixaban for VTE treatment 
is 10 mg every 12 h for 7 days. Thereafter, a dose 
of 5 mg every 12 h is used for 6 months (as per the 
AMPLIFY algorithm). If the patient has two of these 
three characteristics—age > 80 years, weight < 60 kg, 
and serum creatinine < 1.5 mg/dL—the dose should 
be reduced to 2.5 mg every 12 h after the first week 
of treatment with the full dose. After the 6 months 
of treatment, during the extended period, the dose 
used as prophylaxis against VTE recurrence is 2.5 
mg every 12 h.

EDOXABAN

Edoxaban is a factor Xa antagonist. It is an oral 
drug that is administered in its active form. The 
bioavailability of edoxaban is 62%, and its absorption is 
increased by 6-22% when it is administered with food. 
However, there is no recommendation that edoxaban 
be administered concomitantly with food. No significant 
dyspeptic effects or reduction in edoxaban absorption 
are observed with concomitant use of proton pump 
inhibitors. Approximately 50% of edoxaban is excreted 
by the kidneys, and its half-life is 9-11 h. There is 
minimal interaction with drugs that are metabolized 
by (hepatic) cytochrome CYP3A4, and less than 4% 
of edoxaban is eliminated by the liver.(18)

In 2013, a study called the Hokusai-VTE trial was 
published.(25) Unlike the literature trend for factor Xa 
antagonists, the authors chose to test the drug only 
in the extended period of the treatment of VTE and 
not in the initial phase. Therefore, 4,921 patients with 
DVT and 3,319 patients with PTE were randomized, 
after being treated with either unfractionated heparin 
or enoxaparin for at least 5 days, to receive either 
edoxaban (60 mg/day or 30 mg/day in patients with a 
body weight < 60 kg or a creatinine clearance of 30-50 
mL/min) or warfarin, for a period ranging from 3 to 12 
months. Edoxaban was as effective as warfarin for the 
prevention of VTE recurrence (recurrence rate: 3.2% 
in the edoxaban group vs. 3.5% in the warfarin group; 
p < 0.001 for non-inferiority). Edoxaban was superior 
to warfarin for clinically relevant bleeding (8.5% vs. 
10.3%; p = 0.004) and similar with regard to major 
bleeding (1.4% vs. 1.6%; 95% CI: 0.59-1.21). A 
peculiarity of the Hokusai-VTE trial was the inclusion 
of a greater number of patients with PTE and some 
evidence of right ventricular dysfunction (as assessed 
by measurement of N-terminal pro-brain natriuretic 
peptide levels and CT measurement of right ventricular 
dimensions); therefore, those patients were potentially 
more severely ill. Among those 938 patients, the use 
of edoxaban resulted in a lower rate of VTE recurrence 
than did the use of warfarin (3.3% vs. 6.2%; RR = 
0.52; 95% CI: 0.28-0.98).(25)

The Hokusai-VTE study(25) proved to be quite robust 
in acute VTE, showing that edoxaban is not inferior to 
warfarin, with it possibly being superior to warfarin 
for patients with PTE and right ventricular dysfunction 
and potentially being beneficial in terms of bleeding. 
However, despite the convenient dosing schedule (once 
daily), the study design does not allow for the use 
of edoxaban as a single drug, and its administration 
should be preceded by at least 5 days of some type of 
intravenous or subcutaneous anticoagulation.

The recommended dose of edoxaban is the same as 
that used in the Hokusai-VTE study(25): 60 mg/day. In 
patients with a body weight < 60 kg or a creatinine 
clearance of 15-50 mL/min, a dose of 30 mg/day is 
recommended. The dosing schedule is also convenient 
in this case, and this can influence patient adherence 
to treatment, improving its results. The limitation that 
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edoxaban cannot be used in the initial treatment of 
VTE should be emphasized.

SPECIAL SITUATIONS FOR USE OF THE 
NEW ANTICOAGULANTS

Renal failure and advanced age
Chronic renal failure is a well-known risk factor for 

the development of VTE as well as for bleeding, with 
or without anticoagulant therapy.(26) Likewise, age is a 
known risk factor for the development of VTE. The risk 
of VTE is known to be 4 to 6 times higher in patients > 
70 years of age and to double every decade of life. (27,28) 
In addition, age alone is a determinant of outcome in 
pulmonary embolism, with the risk of death from a 
thromboembolic event being 2.3 times higher in patients 
> 75 years of age than in the younger population. (29) 
However, elderly patients and patients with renal 
failure are both at an increased risk of bleeding while 
taking anticoagulants.(30,31) In addition, patients who 
are elderly or have renal failure tend to have a larger 
number of comorbidities, which makes it difficult to 
manage the anticoagulant therapy.

Elderly patients and patients with renal failure were 
both analyzed in the aforementioned large-scale studies 
of new anticoagulants.(19-25) A recent meta-analysis(32) 
evaluated these subgroups of patients and showed 
that the new anticoagulants have a better safety and 
efficacy profile in elderly patients, as well as having 
a safety and efficacy profile comparable to that of the 
conventional treatment in patients with renal failure. 
In fact, this so-called fragile population (those who 
are elderly and/or have renal failure and/or are at 
extreme levels of body weight) is the population that 
most benefits from the use of the new drugs, whether 
in terms of efficacy or, especially, in terms of safety.

Cancer
Cancer patients are at an increased risk both for 

thromboembolic events in general and for disease 
manifestations of greater severity.(33) Approximately 
10-20% of VTE patients have a history of or have active 
cancer.(34) In contrast, cancer patients are at a 4- to 
7-times higher risk of developing VTE.(35) The likelihood 
of thromboembolic events of greater severity is also 
associated with the presence of cancer.

Cancer patients have been included in all of the 
randomized studies on the use of new anticoagulants 
and VTE, and the results in favor of the new drugs 
persisted in the subgroup analyses. However, the 
therapies were not compared with the currently 
recommended gold standard, but rather with warfarin. 
According to the ACCP, the current therapy of choice 
for patients with cancer-related VTE is based on 
the use of low-molecular-weight heparins.(9) That 
recommendation is based on studies showing the 
efficacy of this type of treatment in the maintenance 
phase of VTE treatment in the cancer population, when 
compared with that of warfarin.(36) There has been no 

direct comparison between the new anticoagulants 
and low-molecular-weight heparins, in terms of their 
effects in the medium term, for VTE treatment in cancer 
patients. Such studies are in progress and, until their 
results are available, the new anticoagulants should 
still be used with caution in this population, it being 
preferable that low-molecular-weight heparins be used.

MANAGEMENT OF COMPLICATIONS 
OF VTE TREATMENT WITH THE NEW 
ANTICOAGULANTS

Bleeding
A major concern of inexperienced physicians with 

regard to the new anticoagulants is management 
of bleeding, especially major bleeding. The fear of 
this complication with regard to prescribing warfarin 
has been mitigated by 50 years of experience and 
clinical practice. In fact, hemorrhagic complications 
should be borne in mind by anyone prescribing an 
anticoagulant medication. In this case, prevention 
is essential; some simple measures can reduce an 
individual’s patient risk of bleeding, regardless of the 
selected anticoagulant. Avoiding concomitant use of 
nonsteroidal anti-inflammatory drugs or antiplatelet 
agents, controlling systemic blood pressure, assessing 
the need for prophylaxis of upper gastrointestinal 
tract bleeding with the use of a proton pump inhibitor, 
assessing renal and hepatic function periodically, and 
educating patients are measures that contribute to the 
prevention of such complications.

Serum activity levels of the new anticoagulants 
cannot be accurately monitored with current coagulation 
tests. Even for factor Xa antagonists, anti-factor Xa 
test results do not have a linear correlation with 
anticoagulant activity, because they are calibrated to 
measure activity of low-molecular-weight heparins.

In addition to prevention, data from recent registries 
are quite reassuring with regard to the bleeding rates 
with the new anticoagulants(37): rates of major bleeding 
reach 3-4 per 100 patients per year, with a mortality 
rate of 6% in these cases. The same registries show a 
rate of severe bleeding of 8 per 100 patients per year, 
with a mortality rate of 15% with the use of warfarin.(38) 
Another peculiarity of the use of the new anticoagulants 
is that the pattern of hemorrhagic complications seems 
to be different from that usually found with the use of 
warfarin. With the new anticoagulants, hemorrhages 
tend to be more common in the digestive tract, the 
approach to which is less complex than is that required 
when hemorrhage affects the central nervous system 
(more common with the use of warfarin).(39)

The management of bleeding with the use of the 
new anticoagulants is similar to the management of 
warfarin-related hemorrhages(40): in the event of minor 
local bleeding, it is suggested that the following dose 
be discontinued and that mechanical compression or 
local measures, such as nasal packing for a nosebleed, 
be used. In the event of major hemorrhage, in addition 
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to local measures and clinical support measures (such 
as fluid replacement, red blood cell transfusion, and 
platelet transfusion if platelet count is below 60,000), 
administration of prothrombin complex (25-50 U/
kg) or activated prothrombin complex (50-200 U/kg) 
can be considered. Prothrombin complex has high 
levels of vitamin K-dependent coagulation factor. 
Therefore, because it antagonizes the action of warfarin, 
prothrombin complex can also antagonize the action 
of the new anticoagulants, given that its formulation 
contains a large amount of factor II (for dabigatran) 
or factor X (for rivaroxaban, apixaban, and edoxaban). 
Therefore, in theory, for the treatment of potentially 
fatal hemorrhage in patients receiving one of the 
new anticoagulants, the use of prothrombin complex 
is preferred over the traditional use of fresh frozen 
plasma. In plasma, the blocked factors (II or X) are 
diluted among all other serum proteins, therefore 
being present in smaller amounts and consequently 
less effective. However, the validity of this strategy 
has not been systematically evaluated, having been 
investigated only in experimental models.(41) Likewise, 
one can consider administering activated factor VII 
(at a dose of 90 µg/kg), which, when given at high 
doses such as the one suggested, is able to induce 
propagation of the coagulation cascade, even if this 
cascade is blocked at some point below, whether in 
factor II or factor X. If the drug in question is dabigatran, 
another alternative can be hemodialysis, given that 
dabigatran can thus be removed.

Recently, antidotes for dabigatran—idarucizumab(42)—
and for factor Xa antagonists—andexanet alfa(43)—have 
become available. Neither antidote has been widely used. 
It is likely that they will not become widely available 
and that they will rarely actually be required. However, 
the existence of these antidotes should encourage the 
use of the new anticoagulants and reduce the level 
of concern on the part of the medical community 
regarding the management of bleeding.

Another situation that may raise questions is peri-
operative management when the patient is taking one 
of the drugs in this new class. For elective surgery, it 
will suffice to consider the half-life of the drugs and 
discontinue their use for a period of not less than 
24 h. For emergency surgery in patients who haven 
taken a new anticoagulant within a period less than 
that of its half-life, the use of the aforementioned 
antidotes (idarucizumab for dabigatran or andexanet 
alfa for factor Xa antagonists) can be considered for 

acute reversal of anticoagulation so that the surgical 
procedure can be performed with increased safety. 
The timing of the reinitiation of anticoagulant therapy 
should be individualized on the basis of the potential 
postoperative risk of hemorrhage as well as the risk 
of another thromboembolic event, which is increased 
postoperatively. It is recommended that the new 
anticoagulants be restarted as early as possible. 
If, for surgical reasons, fasting is required, one can 
consider the use of low-molecular-weight heparins for 
a transitional period until re-establishment of proper 
gastrointestinal transit and reinitiation of the new 
anticoagulants.(18)

Recurrence
As previously mentioned, even if the new anticoagu-

lants are used appropriately, there may be recurrence 
of VTE, especially in the acute phase but also in the 
long-term and extended periods. In such cases, the 
ACCP recommendation is that, in addition to confirming 
that it truly is a new episode of VTE and checking 
patient adherence to treatment (remembering that, 
given the shorter half-life of the drugs, missing even 
a single dose is sufficient to leave patients susceptible 
to a new event), the drug being used be temporarily 
replaced with a low-molecular-weight heparin for at 
least 30 days.(9)

CURRENT RECOMMENDATION FOR VTE 
TREATMENT

On the basis of the aforementioned studies, phase 
IV studies, and large epidemiologic registries that 
confirmed the data from phase III studies in real 
life,(44,45) the most recent guidelines of the European 
Society of Cardiology/European Respiratory Society 
assign treatment with the new anticoagulants the 
same grade of recommendation and level of evidence 
as those assigned to the conventional treatment of 
heparins followed by warfarin, without hierarchization. (46) 
However, in the most recent ACCP guidelines, the 
new anticoagulants, mainly because of their favorable 
safety profile, are placed as the first choice for the 
treatment of VTE unrelated to cancer.(9) This emphasizes 
the relevance of this class of drugs and the need for 
knowledge of their pharmacological properties and side 
effect profiles. Safety in prescribing the new drugs, as 
well as confidence in managing their complications, 
especially hemorrhagic complications, will come with 
the experience of using them and with clinical practice.
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