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Meta-Analysis of Rivaroxaban and Bleeding Risk

Guila Wasserlauf a,c, Sonia M. Grandi, MSca, Kristian B. Filion, PhDa,
and Mark J. Eisenberg, MD, MPHa,b,c,*

Rivaroxaban, a factor Xa inhibitor, is a new oral anticoagulant that has been developed as
an alternative to vitamin K antagonists. However, its safety remains unclear. Reported
randomized controlled trials comparing the safety of rivaroxaban with that of vitamin K
antagonists (warfarin, acenocoumarol, phenprocoumon, and fluindione) were systemati-
cally searched. Inclusion was restricted to studies of ‡30 days’ treatment duration. Safety
end points examined included major and clinically relevant nonmajor bleeding, as well as
mortality. Data were pooled across randomized controlled trials using random-effects meta-
analysis models. Five randomized controlled trials including 23,063 patients that met the
inclusion criteria were identified. Patients received treatment for nonvalvular atrial fibril-
lation (n [ 14,264), deep vein thrombosis (n [ 3,967), or acute symptomatic pulmonary
embolism (n [ 4,832). Overall, rivaroxaban was not associated with the risk of a composite
end point of major or clinically relevant nonmajor bleeding (relative risk 0.99, 95% confi-
dence interval 0.93 to 1.06). However, rivaroxaban was associated with a significant
decrease in fatal bleeding (relative risk 0.48, 95% confidence interval 0.31 to 0.74).
In 2 studies reporting intracranial bleeding events, rivaroxaban was associated with
decreased risk compared with vitamin K antagonists. It was not associated with decreased
risk for all-cause mortality (relative risk 0.89, 95% confidence interval 0.73 to 1.09).
In conclusion, with a decrease in fatal bleeding and no suggestion of an increase in all-cause
mortality, rivaroxaban has a favorable safety profile with respect to bleeding. ! 2013
Elsevier Inc. All rights reserved. (Am J Cardiol 2013;112:454e460)

For many decades, vitamin K antagonists (VKAs) were
the only available therapy for long-term anticoagulation.1,2

However, VKAs require frequent monitoring and regular
dose adjustments as a result of food and drug interactions.
To overcome these limitations, new oral anticoagulants have
been developed as alternatives to VKAs. These agents
include direct thrombin inhibitors such as AZD0837 and
dabigatran, as well as direct factor Xa inhibitors including
rivaroxaban, apixaban, betrixaban, edoxaban, LY-517717,
and ym-150.3 These new oral anticoagulants do not require
monitoring and can be given as a fixed dose. Moreover,
there are no dietary interactions and only minimal drug
interactions with these new agents. Rivaroxaban has been
the most extensively studied of these agents, with several
trials investigating the efficacy and safety of rivaroxaban for
different indications. However, the risk for bleeding and
mortality associated with this drug remains unclear. We
therefore performed a systematic review and meta-analysis

to compare the safety of rivaroxaban and VKAs, with
a particular focus on bleeding and mortality.

Methods

Our systematic review and meta-analysis was performed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.4 We systematically
searched the MEDLINE, Embase, Cumulative Index to
Nursing & Allied Health Literature, Cochrane, and Science
Citation Index Expanded databases from inception until
May 2012, as well as clinical trials registries, for random-
ized controlled trials (RCTs) comparing the safety of
rivaroxaban with that of VKAs. No language restrictions
were imposed. The following search terms, Medical
Subject Headings, and keywords were used: “rivaroxaban,”
“Xarelto,” “BAY 59-7939,” “oral anticoagulant,” “oral
thrombin inhibitor,” “oral factor Xa inhibitor,” “vitamin K
antagonist,” “warfarin,” and “acenocoumarol.” Embase and
MEDLINE searches were limited to RCTs and human
subjects. Clinical trial registries were searched indepen-
dently for potentially relevant RCTs not identified in the
electronic database search.

Studies were included if they (1) were RCTs comparing
rivaroxaban with VKAs, (2) included adults aged !18
years, (3) had treatment durations !30 days, and (4)
included experimental arms of participants receiving a daily
dose of 20 mg (standard dosage) of rivaroxaban. For trials
comparing various treatment doses of rivaroxaban with
VKA, only the 20-mg arms were included in our study.
Studies that allowed the use of a lower dose of rivaroxaban
in patients with diminished renal function were included
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When data were pooled across the 5 included studies,
we found that there was no significant difference in major
and clinically relevant nonmajor bleeding between the
2 groups (Figure 2). For major bleeding outcomes, rivar-
oxaban was not associated with a significant decrease in

bleeding characterized by a decrease in hemoglobin !2 g/dl,
critical bleeding, GI or intracranial bleeding, macroscopic
hematuria, intraocular or intra-articular bleeding, and
epistaxis (Table 3). However, rivaroxaban was associated
with a decrease in fatal bleeding in comparison to VKAs

Table 3
Relative risk for bleeding and mortality in randomized controlled trials comparing rivaroxaban with vitamin K antagonists*

Outcome ROCKET AF EINSTEIN-PE EINSTEIN-Acute DVT EINSTEIN-DVT ODIXa-DVT Pooled†

RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI I2

Major/clinically
relevant nonmajor
bleeding events

1.02 0.95e1.09 0.88 0.75e1.04 1.00 0.80e1.25 0.68 0.29e1.60 1.44 0.60e3.47 0.99 0.93e1.06 2.9

Major bleeding
Any 1.02 0.89e1.17 0.50 0.31e0.80 0.70 0.35e1.37 0.51 0.05e5.53 5.25 0.26e108.20 0.76 0.48e1.23 62.8
Associated with

decrease in
hemoglobin
of !2 g/dl

1.20 1.02e1.41 0.65 0.36e1.20 0.83 0.36e1.91 NR NR 5.25 0.26e108.20 0.99 0.66e1.49 41.9

Critical 0.68 0.53e0.89 0.27 0.12e0.62 0.99 0.20e4.91 NR NR NR NR 0.54 0.27e1.07 57.7
Fatal 0.49 0.31e0.78 0.67 0.11e3.98 0.20 0.02e1.70 NR NR NR NR 0.48 0.31e0.74 0.0
GI 1.46 1.19e1.79 NR NR NR NR NR NR NR NR NR NR NR
Intracranial 0.66 0.47e0.92 0.25 0.07e0.88 NR NR NR NR NR NR NR NR NR
Macroscopic

hematuria
1.24 0.70e2.20 NR NR NR NR NR NR NR NR NR NR NR

Intraocular 0.71 0.38e1.32 1.00 0.14e7.08 NR NR NR NR NR NR NR NR NR
Intra-articular 0.76 0.40e1.46 NR NR NR NR NR NR NR NR NR NR NR
Epistaxis 0.93 0.44e1.98 NR NR NR NR NR NR NR NR NR NR NR

Clinically relevant
nonmajor
bleeding

1.03 0.96e1.11 0.97 0.81e1.15 1.05 0.83e1.34 0.71 0.28e1.81 NR NR 1.02 0.96e1.09 0.0

All-cause mortality 0.83 0.69e1.00 1.16 0.80e1.68 0.77 0.51e1.17 0.81 0.22e2.96 4.20 0.48e37.04 0.89 0.73e1.09 16.8

NR ¼ count data were not reported, preventing the calculation of RRs.
* RRs were calculated using count data from the original reports.
† Data were pooled across trials using random-effects models.

Figure 2. Forest plot comparing the RR for major and clinically relevant nonmajor bleeding in patients randomized to rivaroxaban compared with patients
randomized to VKAs. Studies are listed in descending order of weight. The ODIXa-DVT study was excluded from the meta-analysis for fatal bleeding because
no events were reported over the course of the trial. A 0.5 continuity correction was used to include this trial in a sensitivity analysis. This sensitivity analysis
produced results that were consistent with those of the primary analysis.
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(RR 0.48, 95% CI 0.31 to 0.74; Figure 3). This is consistent
with a number needed to treat of 500 patients (95% CI
200 toN). Rivaroxaban was not found to be associated with
clinically relevant nonmajor bleeding (RR 1.02, 95% CI
0.96 to 1.09; Table 3) or all-cause mortality (RR 0.89, 95%
CI 0.73 to 1.09; Figure 4). In sensitivity analyses, we
excluded ODIXa-DVT, a 12-week phase 2 trial; these
analyses produced results that were consistent with those of
our primary analyses.

Discussion

Our study was designed to compare the safety of rivar-
oxaban with that of VKAs. Several pharmacologic charac-
teristics of rivaroxaban make it a favorable replacement
for standard therapy with heparin and VKAs. First, it can be
prescribed in fixed-dose regimens and does not require dose
adjustments or routine coagulation monitoring. Second,

it has a rapid onset of action and a short half-life of 7 to
11 hours in young patients and 11 to 13 hours in elderly
patients, which eliminates the need for “anticoagulation
bridging” before surgery.9 Another meta-analysis of RCTs
compared the efficacy and safety of new oral anticoagulants
with those of VKAs in patients with acute venous throm-
boembolism and found rivaroxaban to be associated with
reduced bleeding risk.10 Our present meta-analysis differs
from the aforementioned study in that it also included
patients with atrial fibrillation, and therefore the sample size
was significantly greater.

Despite numerous benefits, there are concerns regarding
the potential risk for bleeding with rivaroxaban in practice.11

Unlike warfarin, there are no standard antidotes for the
reversal of rivaroxaban and new oral anticoagulants in
general. It has been suggested that recombinant factor VIIa
may be useful for the reversal of factor Xa inhibitors, as it
has been shown to be a successful antidote for the indirect

Figure 3. Forest plot comparing the RR for fatal bleeding in patients randomized to rivaroxaban compared with those randomized to VKAs.

Figure 4. Forest plot comparing the RR for all-cause mortality in patients randomized to rivaroxaban compared with those randomized to VKAs. Studies are
listed in descending order of weight.
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clinically relevant nonmajor bleeding (RR 1.02, 95% CI
0.96 to 1.09; Table 3) or all-cause mortality (RR 0.89, 95%
CI 0.73 to 1.09; Figure 4). In sensitivity analyses, we
excluded ODIXa-DVT, a 12-week phase 2 trial; these
analyses produced results that were consistent with those of
our primary analyses.
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for standard therapy with heparin and VKAs. First, it can be
prescribed in fixed-dose regimens and does not require dose
adjustments or routine coagulation monitoring. Second,

it has a rapid onset of action and a short half-life of 7 to
11 hours in young patients and 11 to 13 hours in elderly
patients, which eliminates the need for “anticoagulation
bridging” before surgery.9 Another meta-analysis of RCTs
compared the efficacy and safety of new oral anticoagulants
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boembolism and found rivaroxaban to be associated with
reduced bleeding risk.10 Our present meta-analysis differs
from the aforementioned study in that it also included
patients with atrial fibrillation, and therefore the sample size
was significantly greater.

Despite numerous benefits, there are concerns regarding
the potential risk for bleeding with rivaroxaban in practice.11

Unlike warfarin, there are no standard antidotes for the
reversal of rivaroxaban and new oral anticoagulants in
general. It has been suggested that recombinant factor VIIa
may be useful for the reversal of factor Xa inhibitors, as it
has been shown to be a successful antidote for the indirect

Figure 3. Forest plot comparing the RR for fatal bleeding in patients randomized to rivaroxaban compared with those randomized to VKAs.

Figure 4. Forest plot comparing the RR for all-cause mortality in patients randomized to rivaroxaban compared with those randomized to VKAs. Studies are
listed in descending order of weight.
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Clinical and Safety Outcomes Associated With Treatment
of Acute Venous Thromboembolism
A Systematic Review and Meta-analysis
Lana A. Castellucci, MD; Chris Cameron, MSc; Grégoire Le Gal, MD, PhD; Marc A. Rodger, MD, MSc;
Doug Coyle, PhD; Philip S. Wells, MD, MSc; Tammy Clifford, PhD; Esteban Gandara, MD, MSc;
George Wells, PhD; Marc Carrier, MD, MSc

IMPORTANCE Many anticoagulant strategies are available for the treatment of acute venous
thromboembolism, yet little guidance exists regarding which drug is most effective and safe.

OBJECTIVE To summarize and compare the efficacy and safety outcomes associated with 8
anticoagulation options (unfractionated heparin [UFH], low-molecular-weight heparin
[LMWH], or fondaparinux in combination with vitamin K antagonists); LMWH with dabigatran
or edoxaban; rivaroxaban; apixaban; and LMWH alone) for treatment of venous
thromboembolism.

DATA SOURCES A systematic literature search was conducted using MEDLINE, EMBASE, and
the evidence-based medicine reviews from inception through February 28, 2014.

STUDY SELECTION Eligible studies were randomized trials reporting rates of recurrent venous
thromboembolism and major bleeding in patients with acute venous thromboembolism. Of
the 1197 studies identified, 45 trials including 44 989 patients were included in the analyses.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted trial-level data
including number of patients, duration of follow-up, and outcomes. The data were pooled
using network meta-analysis.

MAIN OUTCOMES AND MEASURES The primary clinical and safety outcomes were recurrent
venous thromboembolism and major bleeding, respectively.

RESULTS Compared with the LMWH–vitamin K antagonist combination, a treatment strategy
using the UFH–vitamin K antagonist combination was associated with an increased risk of
recurrent venous thromboembolism (hazard ratio [HR], 1.42; 95% credible interval [CrI],
1.15-1.79). The proportion of patients experiencing recurrent venous thromboembolism
during 3 months of treatment were 1.84% (95% CrI, 1.33%-2.51%) for the UFH–vitamin K
antagonist combination and 1.30% (95% CrI, 1.02%-1.62%) for the LMWH–vitamin K
antagonist combination. Rivaroxaban (HR, 0.55; 95% CrI, 0.35-0.89) and apixaban (HR, 0.31;
95% CrI, 0.15-0.62) were associated with a lower risk of bleeding than was the
LMWH–vitamin K antagonist combination, with a lower proportion of patients experiencing a
major bleeding event during 3 months of anticoagulation: 0.49% (95% CrI, 0.29%-0.85%)
for rivaroxaban, 0.28% (95% CrI, 0.14%-0.50%) for apixaban, and 0.89% (95% CrI,
0.66%-1.16%) for the LMWH–vitamin K antagonist combination.

CONCLUSIONS AND RELEVANCE Using meta-analytic pooling, there were no statistically
significant differences for efficacy and safety associated with most treatment strategies used
to treat acute venous thromboembolism compared with the LMWH–vitamin K antagonist
combination. However, findings suggest that the UFH–vitamin K antagonist combination is
associated with the least effective strategy and that rivaroxaban and apixaban may be
associated with the lowest risk for bleeding.

JAMA. 2014;312(11):1122-1135. doi:10.1001/jama.2014.10538
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Direct oral anticoagulants in the treatment of acute venous
thromboembolism: A systematic review and meta-analysis

Antonio Gómez-Outes a,⁎, Ana Isabel Terleira-Fernández b,c, Ramón Lecumberri d,
M. Luisa Suárez-Gea a, Emilio Vargas-Castrillón b,c

a Division of Pharmacology and Clinical Evaluation, Medicines for Human Use, Spanish Agency for Medicines and Medical Devices (AEMPS), Madrid, Spain
b Department of Clinical Pharmacology, Hospital Clínico San Carlos, Madrid, Spain
c Department of Pharmacology, Universidad Complutense, Madrid, Spain
d Hematology Service, University Clinic of Navarra, Pamplona, Spain

a b s t r a c ta r t i c l e i n f o

Article history:
Received 10 April 2014
Received in revised form 30 June 2014
Accepted 30 June 2014
Available online 6 July 2014

Keywords:
Venous thromboembolism
Dabigatran
Rivaroxaban
Apixaban
Edoxaban
Warfarin

Introduction: Acute venous thromboembolism (VTE) is a common disease associated to significantmorbidity and
mortality.
Materials andmethods:We systematically reviewed andmeta-analysed clinical outcomeswith direct oral antico-
agulants (DOAC: dabigatran, rivaroxaban, apixaban or edoxaban) for treatment of acute VTE. We used MEDLINE
and CENTRAL, clinical trials registers, conference proceedings, and websites of regulatory agencies to identify
randomised clinical trials of DOAC compared with conventional treatment [parenteral anticoagulant followed
by a vitamin K antagonist (VKA)] for acute VTE. Two investigators independently extracted data. Relative risk
of recurrent VTE, bleeding events, deaths and a net clinical endpoint (composite of recurrent VTE,major bleeding,
and death) were estimated using a random effect meta-analysis (RevMan software).
Results: Six trials including 27,127 patients were selected. The risk of recurrent VTE was similar with the DOAC
and standard treatment (relative risk 0.91, 95% confidence interval 0.79 to 1.06). The DOAC reduced the risk of
major bleeding in comparison with standard treatment (0.62, 0.45 to 0.85) (absolute risk difference, −0.6%;
95% confidence interval −1.0% to −0.3%), but there was heterogeneity across trials in the relative risk of
bleeding. No between treatment differences were found in the relative risk of all-cause mortality (0.98, 0.84 to
1.14). The DOAC and conventional treatment differed on the net clinical endpoint (0.85, 0.75 to 0.97). Subgroup
analyses in relevant subgroups (index pulmonary embolism, heparin lead-in, age, gender, renal function,
presence of cancer), as well as sensitivity analyses, were consistent with the main analysis.
Conclusions: TheDOAC seemas effective as, and probably safer than standard treatment of acute VTE. The relative
efficacy and safety of the DOAC was consistent across a wide range of patients.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Venous thromboembolism (VTE), comprising deep vein thrombosis
(DVT) and pulmonary embolism (PE), is associated with substantial
morbidity and mortality [1].

Current guidelines recommend to treat patients with acute VTEwith
an oral vitamin K antagonist (VKA) (e.g.: warfarin, acenocoumarol,
phenprocoumon), for at least 3 months [2]. As VKA have a slow onset
of action, overlapping with a parenteral anticoagulant [e.g.: low
molecular weight heparin (LMWH) or unfractionated heparin (UFH)]

is needed for the initial 5–10 days of acute VTE, until appropriate
anticoagulation with VKA is achieved [i.e.: international normalized
ratio (INR) between 2.0 and 3.0]. LMWH are effective and safe also for
the long-term treatment of VTE. However, they still require daily paren-
teral subcutaneous (SC) administration, which may be problematic for
many patients. On the other hand, the narrow therapeutic window
and intra-subject variability in response of VKA implies that frequent
anticoagulant monitoring is necessary to avoid a subtherapeutic
anticoagulation associated with an increased risk of thrombosis or an
excessive anticoagulation that increases the risk of bleeding [3]. Such
monitoring is inconvenient for patients and medical staff, and costly
for healthcare payers.

Several direct oral anticoagulants (DOAC) have been developed to
overcome these limitations [4]. The DOAC are direct inhibitors of either
thrombin (dabigatran) [5] or activated factor X (rivaroxaban, apixaban,
edoxaban) [6–8]. They do not need parenteral administration, have less

Thrombosis Research 134 (2014) 774–782
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Figure 1. Effect of PER977 on Whole-Blood Clotting Time.

Shown are the mean whole-blood clotting times after administration of a single oral 60-mg dose of edoxaban, fol-
lowed 3 hours later by a single intravenous dose of 25 mg, 100 mg, or 300 mg of PER977 or placebo.
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•  80	
  pazien/	
  sani,	
  single	
  dose	
  (5-­‐300	
  mg	
  EV)	
  
•  Double-­‐blind,	
  placebo	
  controlled	
  



FaUori	
  di	
  rischio	
  per	
  emorragia	
  

•  Età	
  >	
  75-­‐80	
  anni	
  
•  Peso	
  <	
  50	
  Kg	
  
•  ↓	
  clearance	
  crea/nina	
  (Cockrop)	
  
– 30-­‐50	
  ml/min	
  
– <30	
  ml/	
  min	
  

•  Interazioni	
  farmacologiche	
  
EHRA PRACTICAL GUIDE

European Heart Rhythm Association Practical
Guide on the use of new oral anticoagulants in
patients with non-valvular atrial fibrillation
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New oral anticoagulants (NOACs) are an alternative for vitamin K antagonists (VKAs) to prevent stroke in patients with non-valvular atrial
fibrillation (AF). Both physicians and patients will have to learn how to use these drugs effectively and safely in clinical practice. Many unresolved
questions on how to optimally use these drugs in specific clinical situations remain. The European Heart Rhythm Association set out to co-
ordinate a unified way of informing physicians on the use of the different NOACs. A writing group listed 15 topics of concrete clinical scenarios
and formulated as practical answers as possible based on available evidence. The 15 topics are: (1) Practical start-up and follow-up scheme for
patients on NOACs; (2) How to measure the anticoagulant effect of NOACs; (3) Drug–drug interactions and pharmacokinetics of NOACs; (4)
Switching between anticoagulant regimens; (5) Ensuring compliance of NOAC intake; (6) How to deal with dosing errors; (7) Patients with
chronic kidney disease; (8) What to do if there is a (suspected) overdose without bleeding, or a clotting test is indicating a risk of bleeding?
(9) Management of bleeding complications; (10) Patients undergoing a planned surgical intervention or ablation; (11) Patients undergoing an
urgent surgical intervention; (12) Patients with AF and coronary artery disease; (13) Cardioversion in a NOAC-treated patient; (14) Patients
presenting with acute stroke while on NOACs; (15) NOACs vs. VKAs in AF patients with a malignancy. Since new information is becoming
available at a rapid pace, an EHRA Web site with the latest updated information accompanies this text (www.NOACforAF.eu).
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Atrial fibrillation † Anticoagulation † Stroke † Bleeding † Pharmacology

Introduction
New oral anticoagulants (NOACs) have emerged as an alternative
for vitamin K antagonists (VKAs) for thromboembolic prevention
in patients with non-valvular atrial fibrillation (AF). This will have
an impact on many practical considerations in the daily manage-
ment of these patients. Although very promising in many regards

(predictable effect without need for monitoring, fewer food and
drug interactions, shorter plasma half-life, and an improved effi-
cacy/safety ratio), the proper use of NOACs will require new
approaches in many daily aspects. Whereas the 2010 ESC Guide-
lines (and the 2012 Update)1,2 mainly discuss the indications for
anticoagulation in general (e.g. based on the CHA2DS2-VASc
score) and of NOAC in particular, they guide less on how to
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FaUori	
  di	
  rischio	
  per	
  ICH	
  

•  Età:	
  HR	
  1.35	
  (1.13	
  to	
  1.63)	
  /	
  10	
  aa	
  
•  Razza	
  
– africana:	
  HR	
  3.25	
  (1.43	
  to	
  7.41)	
  
– asia/ca:	
  HR	
  2.02	
  (1.39	
  to	
  2.94)	
  

•  Albumina:	
  HR	
  1.39	
  (1.12	
  to	
  1.73)	
  /	
  ↓0.5	
  g/dL	
  
•  Precedente	
  stroke/TIA:	
  HR	
  1.42	
  (1.02	
  to	
  1.96)	
  
•  ↑	
  PAD:	
  HR	
  1.17	
  (1.01	
  to	
  1.36)	
  /	
  10	
  mmHg	
  

Hankey	
  G,	
  et	
  al.	
  Stroke	
  2014;45:1304-­‐1312	
  	
  



Test	
  della	
  coagulazione	
  

•  An/-­‐Xa	
  (10	
  studi)	
  à	
  QUANTITATIVO	
  
– con	
  calibratori	
  specifici	
  à	
  correlazione	
  lineare	
  
(r2	
  =	
  0.95	
  to	
  1.00)	
  meno	
  robusta	
  se	
  [<100	
  ng/mL]	
  

•  PT	
  (11	
  studi)	
  à	
  QUALITATIVO	
  
– prolungato,	
  ma	
  ampia	
  variabilità	
  tra	
  reagen/	
  
– possibile	
  standardizzazione	
  con	
  INR	
  specifico	
  

•  aPTT	
  à	
  NON	
  UTLIZZABILE	
  
–  correlazione	
  non	
  lineare,	
  ampia	
  variabilità	
  tra	
  reagen/	
  

	
  	
  

Cucker	
  A,	
  J	
  Am	
  Coll	
  Cardiol	
  2014;64:1128–39	
  



Rivaroxaban	
  e	
  FXa	
  

Kubitza	
  D	
  et	
  al,	
  Clin	
  Pharmacol	
  Ther	
  2005	
  



Rivaroxaban	
  e	
  PT	
  

Kubitza	
  D	
  et	
  al,	
  Clin	
  Pharmacol	
  Ther	
  2005	
  



An/-­‐Xa	
  /	
  PT	
  (INR)	
  

Cucker	
  A,	
  J	
  Am	
  Coll	
  Cardiol	
  2014;64:1128–39	
  

An/-­‐Xa	
  nega/vo	
  à	
  esclude	
  
[Rivaroxaban]	
  clinicamente	
  rilevan/	
  

PT	
  prolungato	
  à	
  indica	
  presenza	
  di	
  
Rivaroxaban	
  (qualita/vamente)	
  	
  



An/-­‐Xa	
  /	
  PT	
  (INR)	
  

Cucker	
  A,	
  J	
  Am	
  Coll	
  Cardiol	
  2014;64:1128–39	
  

An/-­‐Xa	
  à	
  RIFERIMENTO	
  

PT	
  à	
  “SCREENING”	
  



Test	
  della	
  coagulazione	
  

Cucker	
  A,	
  J	
  Am	
  Coll	
  Cardiol	
  2014;64:1128–39	
  

applicability of the reference standard (plasma drug
concentration) to clinical practice was judged to be
high for all eligible studies.

DISCUSSION

This systematic review sought to examine evidence
for laboratory measurement of the anticoagulant
activity of dabigatran, rivaroxaban, and apixaban.
Although data on the relationship between plasma
NOAC levels and clinical outcomes are beginning to
emerge (57), there is, as yet, no evidence that
routine monitoring or dose titration will improve
outcomes. Nevertheless, measurement may be use-
ful in 3 circumstances: 1) to determine if very high
levels are present (in the case of suspected excess
effect [e.g., due to overdose or bioaccumulation]);
2) to determine if drug is present in typical on-
therapy ranges (e.g., in the case of suspected ther-
apeutic failure); and 3) to determine if any clinically
relevant drug effect is present (e.g., in the case of
bleeding or planned invasive procedures). An ideal
assay would thus show adequate linearity, sensi-
tivity, and reproducibility to enable quantification

across a broad range of drug levels. Apart from
LC-MS/MS, a test generally restricted to select
reference laboratories, no single coagulation assay
meets these idealized standards. Therefore, it is
important for clinicians to be aware of how coagu-
lation tests perform at NOAC concentrations below,
within, and above typical on-therapy ranges (Central
Illustration).

DABIGATRAN. The effect of dabigatran on various
coagulation assays is summarized in the Central
Illustration. The TT is exquisitely sensitive to dabi-
gatran. A normal TT excludes the presence of clini-
cally relevant drug levels; however, the assay is too
sensitive for quantification within and above the on-
therapy range. The dilute TT, ECT, and ECA show a
high degree of linearity at drug levels >50 ng/ml and
are thus useful for quantification across the entire
on-therapy range. They may be unreliable at con-
centrations below this threshold. The APTT is rela-
tively insensitive to dabigatran; a normal APTT may
not exclude clinically relevant below or within on-
therapy drug levels. The curvilinear response of
APTT at higher drug levels does not permit accurate
quantification. The PT has even poorer sensitivity
and may be normal within much of the on-therapy
range.

RIVAROXABAN. Anti-Xa activity measured using
chromogenic substrates and rivaroxaban or heparin/
LMWH calibrators correlates linearly with rivarox-
aban over a wide range of concentrations (20 to 660
ng/ml) (Central Illustration). When rivaroxaban cali-
brators are used, anti-Xa assays can provide a
quantitative measure of rivaroxaban concentration.
A negative anti-Xa assay likely excludes clinically
relevant rivaroxaban levels. Although rivaroxaban
prolongs the PT, assay results vary markedly with
different thromboplastin reagents. A normal PT does
not rule out the presence of clinically significant
below or within on-therapy rivaroxaban concentra-
tions; however, a prolonged PT qualitatively in-
dicates the drug’s presence. The APTT is not
suitable for measuring rivaroxaban due to the
nonlinear relationship with rivaroxaban concentra-
tion, poor sensitivity, and significant variability be-
tween reagents.

APIXABAN. Although both the PT and APTT may be
prolonged in the presence of apixaban, neither is
sufficiently sensitive to exclude the presence of
clinically relevant on-therapy drug concentrations
(Central Illustration). Anti-Xa activity measurements
demonstrate a strong linear correlation with apixaban
concentration; the absence of detectable anti-Xa

CENTRAL ILLUSTRATION Sensitivity and Linearity of Coagulation Assays to Below,
Within, and Above Typical On-Therapy Concentrations of Dabigatran, Rivaroxaban,
and Apixaban

Horizontal bars and vertical hatching correspond to the approximate range of detect-
ability (i.e., sensitivity) and linearity, respectively, of each assay to below, within, and
above typical on-therapy concentrations of dabigatran, rivaroxaban, and apixaban. Ranges
are approximations and may vary on the basis of choice of reagent. Typical on-therapy
drug levels are shown in Table 1. APTT ¼ activated partial thromboplastin time;
ECA ¼ ecarin chromogenic assay; ECT ¼ ecarin clotting time; PT ¼ prothrombin time;
TT ¼ thrombin time.

Cuker et al. J A C C V O L . 6 4 , N O . 1 1 , 2 0 1 4
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Test	
  an/-­‐Fxa	
  /	
  PT	
  

AnC-­‐Xa Distributore Test CE 

DiagnosCca	
  Stago Stago	
  Italia	
  (MI) STA®	
  Rotachrom® SI	
  

Hyphen	
  Biomed Cabru	
  (MI) Biophen	
  DiXaI® SI	
  

Technoclone Alifax	
  (PD) Technochrom®	
  an/-­‐Xa Si	
  

Autore	
   Test	
  

Dale,	
  et	
  al	
  JTH	
  2014	
   TriniCLOT	
  PT	
  Excel	
  S	
  

Douxfils,	
  et	
  al.	
  Thromb	
  Res	
  2012	
   Triniclot	
  PT	
  Excel	
  S	
  

Van	
  Bierk,et	
  al.	
  Thromb	
  Haemost	
  2014	
   Neoplas/n	
  R	
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Patients taking the NOACs may present with an acute coronary
syndrome (ACS) and/or undergo percutaneous coronary interven-
tion (PCI). Concomitant use of antiplatelet therapy with the
NOACs significantly increases bleeding risk,96 as is the case with
combining any OAC with antiplatelet therapy. In AF patients at
risk of stroke, and irrespective of HAS-BLED score, OAC still
confers benefit (reduced mortality and major adverse cardiac
events) but with more bleeds.97 In the absence of robust data, in
AF patients with an ACS or PCI/stenting, recommendations
based on expert consensus on the management of such patients
should be followed, as found within the 2010 ESC Guidelines or
current European or North American consensus documents.98–100

Thus, a period of triple therapy is needed (OAC plus aspirin plus
clopidogrel), followed by the combination OAC plus single antipla-
telet drug and, after one year, management can be with OAC
alone in stable patients, where OAC can be adjusted-dose VKA

therapy or probably a NOAC. Notably, the only trial where clopido-
grel use was not contraindicated was RE-LY, so the data on triple
therapy with a NOAC (when given at stroke prevention doses in
AF patients) are limited.

A patient taking dabigatran may present with an ACS and, given
the non-significant but small numerical increase in MI events with
dabigatran compared with warfarin,71,72 the concerned clinician
may consider the use of a VKA or an alternative NOAC (e.g. riv-
aroxaban or apixaban). There is little evidence to support this, as
the relative effects of dabigatran vs. warfarin on myocardial ischae-
mic events were consistent in patients with or without a baseline
history of MI or coronary artery disease. Although twice-daily
low-dose rivaroxaban (2.5 mg or 5 mg b.i.d.) has been used with
some benefit in ACS,101 there are no data on ACS relating to
the dose of rivaroxaban used for anticoagulation in AF (20 mg
o.d.). Apixaban, used in the stroke prevention dose (5 mg b.i.d.)
in the ACS setting in combination with aspirin plus clopidogrel,
was associated with no reduction in cardiovascular events but an
excess of major bleeding.102 Patients with AF and stable vascular
disease (i.e. no acute events or revascularization for .12
months, whether coronary or peripheral artery disease) can be

Antiplatelet therapy with aspirin plus clopidogrel, or—less effectively—aspirin 
only, should be considered in patients who refuse any OAC, or cannot tolerate 
anticoagulants for reasons unrelated to bleeding. If there are contraindications to 
OAC or antiplatelet therapy, left atrial appendage occlusion, closure or excision 
may be considered.
Colour: CHA2DS2-VASc; green = 0, blue = 1, red ≥2. 
Line: solid = best option; dashed = alternative option.
AF = atrial fibrillation; CHA2DS2-VASc = see text; HAS-BLED = see text; 
NOAC = novel oral anticoagulant; OAC = oral anticoagulant;  
VKA = vitamin K antagonist.
aIncludes rheumatic valvular disease and prosthetic valves.

Valvular AFa

<65 years and lone AF (including females)

Oral anticoagulant therapy

Assess bleeding risk
(HAS-BLED score)

Consider patient values
and preferences

NOAC VKANo antithrombotic
therapy

Assess risk of stroke
(CHA2DS2-VASc score)

No

No (i.e., non-valvular AF)

0 1 2

Yes

Yes

Atrial fibrillation

Figure 1 Choice of anticoagulant.

aPTT = activated partial thromboplastin time; NOAC = novel oral anticoagulant; 
PCC = prothrombin complex concentrate; PT = prothrombin time;
rFVIIa = activated recombinant factor VII.
aWith dabigatran.

Check haemodynamic status, basic coagulation tests
to assess anticoagulation effect (e.g. aPTT for 
dabigatran, PT or anti Xa activity for rivaroxaban),
renal function, etc.

Minor

Moderate–severe

Very severe

Delay next dose or
discontinue treatment

Symptomatic/supportive
treatment

Mechanical compression

Fluid replacement

Blood transfusion

Oral charcoal if recently
ingesteda

Consider
rFVIIa or PCC

Charcoal filtrationa/
haemodialysisa

Patient on NOAC presenting with bleeding

Figure 2 Management of bleeding in patients taking novel oral
anticoagulants.

ESC Guidelines 2729



massive transfusion. In the absence of a vitamin K deficiency or a
treatment with VKAs, vitamin K administration has no role in the
management of a bleeding under NOACs. Similarly, protamine
reverses the anticoagulant effects of heparin, but has no role in
case of NOAC-associated bleeding.

We recommend consultation among cardiologists, haemostatis
experts, and emergency physicians to develop a hospital-wide
policy concerning bleeding management. Such policy should be
communicated well, and be easily accessible (e.g. on an Intranet
site or in pocket-sized leaflets).

10. Patients undergoing a planned
surgical intervention or ablation

10.1 When to stop the new oral
anticoagulants?
Surgical interventions or invasive procedures that carry a bleeding
risk require the temporary discontinuation of the NOAC. Trials
have shown that about one quarter of patients that are in need
for anticoagulant therapy require temporary cessation within 2
years.64 Both patient characteristics (kidney function, age, history
of bleeding complications, concomitant medication) and surgical
factors should be taken into account on when to discontinue
and restart the drug, as indicated in Table 9. Bridging was proposed
in AF patients with higher thrombo-embolic risk treated with
VKAs,1 but is not necessary in NOAC-treated patients since the
predictable waning of the anticoagulation effect allows properly
timed short-term cessation and reinitiation of NOAC therapy
before and after surgery.64 Also other societies have formulated
advice on temporary cessation of NOAC therapy.65

Again, we recommend the development of an institutional
guideline and a hospital-wide policy concerning peri-operative

anticoagulation management in different surgical settings that is
widely communicated and readily available.

When the intervention does carry ‘no clinically important bleed-
ing risk’ and/or when adequate local haemostasis is possible, like
some dental procedures or interventions for cataract or glaucoma,
the procedure can be performed at trough concentration of the
NOAC (i.e. 12 or 24 h after the last intake, depending on bid or
qd dosing) but should not be performed at peak concentration.
Nevertheless, it may be more practical to have the intervention
scheduled 18–24 h after the last intake, and then restart 6 h
later, i.e. with skipping one dose for bid NOAC. In any such
cases, the patient can only leave the clinic when the bleeding has
completely stopped, and be instructed about the normal postpro-
cedural course and the measures to be taken in case of bleeding,
i.e. to contact the physician or dentist in case of bleeding that
does not stop spontaneously. The physician or dentist (or an
informed colleague) has to be accessible in such case. For dental
procedures, the patient could rinse the mouth gently with 10 ml
of tranexamic acid 5%, four times a day for 5 days.

For procedures ‘with a minor bleeding risk’ (of which some have
been listed in Table 10), it is recommended to discontinue NOACs
24 h before the elective procedure in patients with a normal kidney
function (Table 9). In case of procedures that carry a ‘risk for major
bleeding’,66 it is recommended to take the last NOAC 48 h before.

In a patient taking rivaroxaban but with a CrCl of 15–30 ml/min,
we recommend consideration of earlier interruption than 24 h,
both for interventions with low and high risk for bleeding, i.e.
≥36 h respectively ≥48 h. When the SmPC of edoxaban will be
finalized, specific advice for this NOAC will be formulated.

For dabigatran, a more graded pre-intervention termination de-
pending on kidney function has been proposed, both for low and
high risk interventions, as indicated in Table 9.

Procedures such as spinal anaesthesia, epidural anaesthesia, and
lumbar puncture may require complete haemostatic function, and

Bleeding while using a NOAC

Mild bleeding

•  Delay or discontinue next dose
•  Mechanical compression
•  Surgical hemostasis
•  Fluid replacement (colloids if needed)

•  PCC (e.g. CoFact®) 25 U/kg; repeat 1×/2× if indicated
•  aPCC (Feiba®) 50IE/kg; max 200 IE/kg/day

•  (rFVIIa (NovoSeven®) 90 mg/kg no data about
    additional benefit)

•  RBC substitution if needed
•  Fresh frozen plasma (as plasma expander)
•  Platelet substitution (if platelet count <60×109/L)

•  Maintain adequate diuresis
•  Consider hemodialysis
•  ((charcoal haemoperfusion?: await more data))

Supportive measures:

For dabigatran:

Consider:

+ +

•  Reconsoder concomitant medication

Moderate severe bleeding Life-threatening bleeding

Figure 6 Management of bleeding in patients taking NOACs. Possible therapeutic measures in case of minor or severe bleeding in patients on
NOAC therapy. Based on van Ryn et al.12
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New oral anticoagulants (NOACs) are an alternative for vitamin K antagonists (VKAs) to prevent stroke in patients with non-valvular atrial
fibrillation (AF). Both physicians and patients will have to learn how to use these drugs effectively and safely in clinical practice. Many unresolved
questions on how to optimally use these drugs in specific clinical situations remain. The European Heart Rhythm Association set out to co-
ordinate a unified way of informing physicians on the use of the different NOACs. A writing group listed 15 topics of concrete clinical scenarios
and formulated as practical answers as possible based on available evidence. The 15 topics are: (1) Practical start-up and follow-up scheme for
patients on NOACs; (2) How to measure the anticoagulant effect of NOACs; (3) Drug–drug interactions and pharmacokinetics of NOACs; (4)
Switching between anticoagulant regimens; (5) Ensuring compliance of NOAC intake; (6) How to deal with dosing errors; (7) Patients with
chronic kidney disease; (8) What to do if there is a (suspected) overdose without bleeding, or a clotting test is indicating a risk of bleeding?
(9) Management of bleeding complications; (10) Patients undergoing a planned surgical intervention or ablation; (11) Patients undergoing an
urgent surgical intervention; (12) Patients with AF and coronary artery disease; (13) Cardioversion in a NOAC-treated patient; (14) Patients
presenting with acute stroke while on NOACs; (15) NOACs vs. VKAs in AF patients with a malignancy. Since new information is becoming
available at a rapid pace, an EHRA Web site with the latest updated information accompanies this text (www.NOACforAF.eu).
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Atrial fibrillation † Anticoagulation † Stroke † Bleeding † Pharmacology

Introduction
New oral anticoagulants (NOACs) have emerged as an alternative
for vitamin K antagonists (VKAs) for thromboembolic prevention
in patients with non-valvular atrial fibrillation (AF). This will have
an impact on many practical considerations in the daily manage-
ment of these patients. Although very promising in many regards

(predictable effect without need for monitoring, fewer food and
drug interactions, shorter plasma half-life, and an improved effi-
cacy/safety ratio), the proper use of NOACs will require new
approaches in many daily aspects. Whereas the 2010 ESC Guide-
lines (and the 2012 Update)1,2 mainly discuss the indications for
anticoagulation in general (e.g. based on the CHA2DS2-VASc
score) and of NOAC in particular, they guide less on how to
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Emorragie	
  minori	
  

•  Solo	
  traUamento	
  di	
  supporto:	
  
– compressione	
  direUa	
  (se	
  possibile)	
  

– an/-­‐Xa	
  (PT),	
  funzione	
  renale	
  
–  ritardare	
  la	
  successiva	
  dose	
  (↑PT)	
  

– sospendere	
  (se	
  emorragia	
  non	
  controllata)	
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New oral anticoagulants (NOACs) are an alternative for vitamin K antagonists (VKAs) to prevent stroke in patients with non-valvular atrial
fibrillation (AF). Both physicians and patients will have to learn how to use these drugs effectively and safely in clinical practice. Many unresolved
questions on how to optimally use these drugs in specific clinical situations remain. The European Heart Rhythm Association set out to co-
ordinate a unified way of informing physicians on the use of the different NOACs. A writing group listed 15 topics of concrete clinical scenarios
and formulated as practical answers as possible based on available evidence. The 15 topics are: (1) Practical start-up and follow-up scheme for
patients on NOACs; (2) How to measure the anticoagulant effect of NOACs; (3) Drug–drug interactions and pharmacokinetics of NOACs; (4)
Switching between anticoagulant regimens; (5) Ensuring compliance of NOAC intake; (6) How to deal with dosing errors; (7) Patients with
chronic kidney disease; (8) What to do if there is a (suspected) overdose without bleeding, or a clotting test is indicating a risk of bleeding?
(9) Management of bleeding complications; (10) Patients undergoing a planned surgical intervention or ablation; (11) Patients undergoing an
urgent surgical intervention; (12) Patients with AF and coronary artery disease; (13) Cardioversion in a NOAC-treated patient; (14) Patients
presenting with acute stroke while on NOACs; (15) NOACs vs. VKAs in AF patients with a malignancy. Since new information is becoming
available at a rapid pace, an EHRA Web site with the latest updated information accompanies this text (www.NOACforAF.eu).
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Introduction
New oral anticoagulants (NOACs) have emerged as an alternative
for vitamin K antagonists (VKAs) for thromboembolic prevention
in patients with non-valvular atrial fibrillation (AF). This will have
an impact on many practical considerations in the daily manage-
ment of these patients. Although very promising in many regards

(predictable effect without need for monitoring, fewer food and
drug interactions, shorter plasma half-life, and an improved effi-
cacy/safety ratio), the proper use of NOACs will require new
approaches in many daily aspects. Whereas the 2010 ESC Guide-
lines (and the 2012 Update)1,2 mainly discuss the indications for
anticoagulation in general (e.g. based on the CHA2DS2-VASc
score) and of NOAC in particular, they guide less on how to
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Heuzey, Ph.D. (Hopital Europeen Georges Pompidou, Paris, France), Josè Lopez-Sendon, Ph.D. (Hospital Universitario La Paz. Madrid, Spain, Jonas Bjerring Olesen, Ph.D. (Copen-
hagen University Hospital Gentofte, Denmark), Frans H Rutten, Ph.D. (Julius Center UMC Utrecht, The Netherlands), Marco Valgimigli, Ph.D. (University Hospital of Ferrara, Italy),
Freek W.A. Verheugt, Ph.D. (Onze Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands), Michael Brainin, Ph.D. (Klinische Medizin Und Praeventionsmedizin, Danube University
Krems, Austria), Kennedy Lees, Ph.D. (University of Glasgow, UK).

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2013. For permissions please email: journals.permissions@oup.com.

Europace (2013) 15, 625–651
doi:10.1093/europace/eut083

 at O
U

P site access on M
ay 1, 2013

http://europace.oxfordjournals.org/
D

ow
nloaded from

 

ESC GUIDELINES

2012 focused update of the ESC Guidelines
for the management of atrial fibrillation
An update of the 2010 ESC Guidelines for the management
of atrial fibrillation
Developed with the special contribution of the European Heart
Rhythm Association

Authors/Task Force Members: A. John Camm (Chairperson) (UK)*,
Gregory Y.H. Lip (UK), Raffaele De Caterina (Italy), Irene Savelieva (UK),
Dan Atar (Norway), Stefan H. Hohnloser (Germany), Gerhard Hindricks (Germany),
Paulus Kirchhof (UK)

ESC Committee for Practice Guidelines (CPG): Jeroen J. Bax (CPG Chairperson) (The Netherlands),
Helmut Baumgartner (Germany), Claudio Ceconi (Italy), Veronica Dean (France), Christi Deaton (UK),
Robert Fagard (Belgium), Christian Funck-Brentano (France), David Hasdai (Israel), Arno Hoes (The Netherlands),
Paulus Kirchhof (Germany/UK), Juhani Knuuti (Finland), Philippe Kolh (Belgium), Theresa McDonagh (UK),
Cyril Moulin (France), Bogdan A. Popescu (Romania), Željko Reiner (Croatia), Udo Sechtem (Germany),
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