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  con	
  NACO	
  

therapy and regular ongoing monitoring when INR is
stable and within range. Genetics influence vitamin
K antagonist (VKA) response; however, genetic
testing to predict VKA response has not been widely
adopted, nor has it been shown to be of value
in randomized trials (12,13). Home monitoring of
VKA therapy is reasonable in selected patients

(14), including those who have difficult access to
laboratory services. Many insurance plans, including
Medicare, cover the cost of a device and once-weekly
use of test strips. Several nationwide VKA home
management services accept commercial and Medi-
care health insurance (15).

The DOACs’ mechanism of action, dosing infor-
mation, drug interactions, and recommended moni-
toring schedules are listed in Table 3. Although
DOACs are more expensive than warfarin, advantages
for some patients include a lack of dietary limitations,
fewer drug interactions, and elimination of INR
testing.

Patients taking OACs require baseline and periodic
laboratory monitoring (16). DOAC dosing is sensitive
to changes in renal function. A summary of dosing
changes relative to renal function can be found in
Table 3. Although many laboratories report renal
function as the estimated glomerular filtration
rate, renal function should be estimated using the
Cockcroft-Gault equation ([(140 ! age) " weight
(in kg) " 0.85 if female]/[72 " creatinine (in mg/dl)])
to determine the appropriate DOAC dose.

TABLE 1 The 2009 Birmingham Schema Expressed as a
Point-Based Scoring System, With the Acronym CHA2DS2–VASc

Risk Factor Score

Congestive heart failure or left ventricular dysfunction 1

Hypertension 1

Age $75 yrs 2

Diabetes mellitus 1

Stroke, transient ischemic attack, or thromboembolism 2

Vascular disease (prior myocardial infarction,
peripheral artery disease, or aortic plaque)

1

Age 65–74 yrs 1

Sex category (i.e., female) 1

Maximum total points 9

Reprinted with permission from Lip et al. (106).

TABLE 2 Summary of Selected DOACs Clinical Trials

RE-LY (33)
(N ¼ 18,113) (3 arms)*

ROCKET-AF (34)
(N ¼ 14,264)

ARISTOTLE (35)
(N ¼ 18,201)

ENGAGE AF-TIMI 48 (36)
(N ¼ 21,105) (3 arms)†

Drug, dose Dabigatran, 150 mg bid Rivaroxaban, 20 mg daily Apixaban, 5 mg bid Edoxaban, 60/30 mg daily

Adjusted dose? No Yes, at randomization only:
15 mg daily if CrCl
30–49 ml/min

Yes, at randomization only:
2.5 mg bid if 2 of: age
$80 yrs, weight <60 kg,
SCr $1.5 mg/dl

Yes, at randomization and
during study: both doses halved
if any 1 of the following:
CrCl 30–50 ml/min, weight
#60 kg, use of verapamil,
quinidine, or dronedarone

Design Randomized open-label Randomized double-blind,
double-dummy

Randomized double-blind,
double-dummy

Randomized double-blind,
double-dummy

Mean age, yrs 71.5 73 70 72

Prior stroke/ transient ischemic
attack/systemic embolism

20% 55% 19% 28%

Mean CHADS2 2.2 3.5 2.1 2.8

Warfarin-naïve 50.4% 37.6% 43% 41%

Comparator warfarin INR 2–3 67% TTR (median) 58% TTR (median) 66% TTR (median) 68% (median)

Comparator Warfarin INR 2–3 64% TTR (mean) 55% TTR (mean) 62% TTR (mean) 65% (mean)

Outcome, RR (95% CI)

Stroke/systemic embolism 0.66 (0.53–0.82) 0.88 (0.75–1.03) 0.79 (0.66–0.95) 0.88 (0.75–1.03)

Ischemic stroke 0.76 (0.60–0.98) 0.94 (0.75–1.17) 0.92 (0.74–1.13) 1.00 (0.83–1.19)

Hemorrhagic stroke 0.26 (0.14–0.49) 0.59 (0.37–0.93) 0.51 (0.35–0.75) 0.54 (0.38–0.77)

Major bleeding 0.93 (0.81–1.07) 1.04 (0.90–1.20) 0.69 (0.60–0.80) 0.80 (0.71–0.91)

Intracranial hemorrhage 0.40 (0.27–0.60) 0.67 (0.47–0.93) 0.42 (0.30–0.58) 0.47 (0.34–0.63)

Gastrointestinal bleeding 1.50 (1.19–1.89) 1.39 (1.19–1.61) 0.89 (0.70–1.15) 1.23 (1.02–1.50)

Cardiovascular mortality 0.85 (0.72–0.99) 0.89 (0.73–1.10) 0.89 (0.76–1.04) 0.86 (0.77–0.97)

All-cause mortality 0.88 (0.77–1.00) 0.85 (0.70–1.02) 0.89 (0.80–0.998) 0.92 (0.83–1.01)

Estimate creatinine clearance (CrCl) using Cockcroft-Gault formula: ([140 – age] " weight [in kg] " 0.85 if female)/(72 " creatinine [in mg/dl]). *Results are shown for dabigatran 150 mg bid. †Results are
shown for edoxaban 60 mg daily.

CHADS2 ¼ Congestive heart failure, Hypertension, Age $75 years, Diabetes mellitus, Stroke or transient ischemic attack; CI ¼ confidence interval; CrCl ¼ creatinine clearance; DOAC ¼ direct-acting oral
anticoagulant; INR ¼ international normalized ratio; RR ¼ risk ratio; SCr ¼ serum creatinine; TTR ¼ time in therapeutic range.
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Estimate creatinine clearance (CrCl) using Cockcroft-Gault formula: ([140 – age] " weight [in kg] " 0.85 if female)/(72 " creatinine [in mg/dl]). *Results are shown for dabigatran 150 mg bid. †Results are
shown for edoxaban 60 mg daily.

CHADS2 ¼ Congestive heart failure, Hypertension, Age $75 years, Diabetes mellitus, Stroke or transient ischemic attack; CI ¼ confidence interval; CrCl ¼ creatinine clearance; DOAC ¼ direct-acting oral
anticoagulant; INR ¼ international normalized ratio; RR ¼ risk ratio; SCr ¼ serum creatinine; TTR ¼ time in therapeutic range.

J A C C V O L . 6 5 , N O . 1 3 , 2 0 1 5 Kovacs et al.
A P R I L 7 , 2 0 1 5 : 1 3 4 0 – 6 0 Practical Anticoagulation in Patients With AF

1343

Downloaded From: http://content.onlinejacc.org/ by Eduardo Sampo on 04/01/2015



NACO	
  vs	
  	
  Warfarina	
  

Disminución	
  	
  de	
  ACV	
  

Disminución	
  de	
  hemorragias	
  intracraneales	
  

Disminución	
  de	
  la	
  mortalidad	
  global	
  

Sin	
  afectar	
  hemorragias	
  mayores	
  

Aumento	
  de	
  hemorragias	
  digestivas	
  con	
  Rivaroxaban,	
  Dabigatran	
  

	
  



Rocket	
  AF	
  	
  
(Rivar0xaban	
  vs	
  warfarina	
  in	
  non	
  valvular	
  atrial	
  fibrillation)	
  T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;10 nejm.org september 8, 2011888

P = 0.07). In addition, in the intention-to-treat analy-
sis throughout the trial, there were 582 deaths in 
the rivaroxaban group and 632 deaths in the war-
farin group (4.5% and 4.9% per year, respectively; 
hazard ratio, 0.92; 95% CI, 0.82 to 1.03; P = 0.15).

Selected Subgroup Analyses
The effect of rivaroxaban, as compared with war-
farin, in both efficacy and safety analyses was con-
sistent across all prespecified subgroups (Fig. 3, 
4, and 5 in the Supplementary Appendix). Fur-

thermore, the effect of rivaroxaban did not differ 
across quartiles of the duration of time that INR 
values were within the therapeutic range accord-
ing to study center (P = 0.74 for interaction) (Ta-
ble 5 in the Supplementary Appendix). Within 
the highest quartile according to center, the haz-
ard ratio with rivaroxaban versus warfarin was 
0.74 (95% CI, 0.49 to 1.12).

Discussion

In this randomized trial, we compared rivaroxa-
ban with warfarin for the prevention of stroke or 
systemic embolism among patients with nonval-
vular atrial fibrillation who were at moderate-to-
high risk for stroke. In both the primary analy-
sis, which included patients in the per-protocol 
population, and in the intention-to-treat analysis, 
we found that rivaroxaban was noninferior to war-
farin. In the primary safety analysis, there was no 
significant difference between rivaroxaban and 
warfarin with respect to rates of major or nonma-
jor clinically relevant bleeding.

As prespecified in the statistical-analysis plan, 
we analyzed the trial data in a variety of ways be-
cause we anticipated that some patients would 
discontinue the study treatment and we wished to 
evaluate both noninferiority and superiority. Al-
though an intention-to-treat analysis is the stan-
dard method for assessing superiority in a ran-
domized trial, noninferiority is best established 
when patients are actually taking the randomized 
treatment.16-19 Thus, the primary analysis was per-
formed in the per-protocol population during re-
ceipt of the randomly assigned therapy. In the 
intention-to-treat population, we found no signifi-
cant between-group difference in a conventional 
superiority analysis. In contrast, in the analyses 
of patients receiving at least one dose of a study 
drug who were followed for events during treat-
ment, we found that rivaroxaban was superior to 
warfarin. The difference between these results 
reflects the fact that among patients who discon-
tinued therapy before the conclusion of the trial, 
no significant difference in outcomes would have 
been anticipated, and none was seen.

The most worrisome complication of antico-
agulation is bleeding. Rates of major and nonma-
jor clinically relevant bleeding, the main measure 
of treatment safety, were similar in the rivaroxa-
ban and warfarin groups. Bleeding that proved 
fatal or involved a critical anatomical site occurred 
less frequently in the rivaroxaban group, mainly 

C
um

ul
at

iv
e 

Ev
en

t R
at

e 
(%

)

100

80

90

70

60

40

30

10

50

20

0
0 120 240 360 480 600 720 840

6

4

3

1

5

2

0
0 120 240 360 480 600 720 840

Days since Randomization

B Events in Intention-to-Treat Population

A Events in Per-Protocol Population

No. at Risk
Rivaroxaban
Warfarin

6958
7004

6211
6327

5786
5911

5468
5542

4406
4461

2472
2539

3407
3478

1496
1538

Warfarin

Rivaroxaban
C

um
ul

at
iv

e 
Ev

en
t R

at
e 

(%
)

100

80

90

70

60

40

30

10

50

20

0
0 120 240 360 480 600 720 840

Days since Randomization

No. at Risk
Rivaroxaban
Warfarin

7081
7090

6879
6871

6683
6656

6470
6440

5264
5225

2951
2944

4105
4087

1785
1783

6

4

3

1

5

2

0
0 120 240 360 480 600 720 840

Warfarin

Rivaroxaban

Figure 1. Cumulative Rates of the Primary End Point (Stroke or Systemic 
Embolism) in the Per-Protocol Population and in the Intention-to-Treat 
 Population.
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In conclusion, in this trial comparing a once-
daily, fixed dose of rivaroxaban with adjusted-
dose warfarin in patients with nonvalvular atrial 
fibrillation who were at moderate-to-high risk for 
stroke, rivaroxaban was noninferior to warfarin 
in the prevention of subsequent stroke or sys-
temic embolism. There were no significant dif-
ferences in rates of major and clinically relevant 
nonmajor bleeding between the two study groups, 
although intracranial and fatal bleeding occurred 
less frequently in the rivaroxaban group.
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Table 3. Rates of Bleeding Events.*

Variable
Rivaroxaban
(N = 7111)

Warfarin
(N = 7125)

Hazard Ratio
(95% CI)† P Value‡

Events Event Rate Events Event Rate

no. (%)
no./100 

 patient-yr no. (%)
no./100 

 patient-yr

Principal safety end point: major and nonmajor 
clinically relevant bleeding§

1475 (20.7) 14.9 1449 (20.3) 14.5 1.03 (0.96–1.11) 0.44

Major bleeding

Any 395 (5.6) 3.6 386 (5.4) 3.4 1.04 (0.90–1.20) 0.58

Decrease in hemoglobin ≥2 g/dl 305 (4.3) 2.8 254 (3.6) 2.3 1.22 (1.03–1.44) 0.02

Transfusion 183 (2.6) 1.6 149 (2.1) 1.3 1.25 (1.01–1.55) 0.04

Critical bleeding¶ 91 (1.3) 0.8 133 (1.9) 1.2 0.69 (0.53–0.91) 0.007

Fatal bleeding 27 (0.4) 0.2 55 (0.8) 0.5 0.50 (0.31–0.79) 0.003

Intracranial hemorrhage 55 (0.8) 0.5 84 (1.2) 0.7 0.67 (0.47–0.93) 0.02

Nonmajor clinically relevant bleeding 1185 (16.7) 11.8 1151 (16.2) 11.4 1.04 (0.96–1.13) 0.35

* All analyses of rates of bleeding are based on the first event in the safety population during treatment.
† Hazard ratios are for the rivaroxaban group as compared with the warfarin group and were calculated with the use of Cox proportional-hazards 

models with the study group as a covariate.
‡ Two-sided P values are for superiority in the rivaroxaban group as compared with the warfarin group.
§ Minimal bleeding events were not included in the principal safety end point.
¶ Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular 

(with compartment syndrome), or retroperitoneal sites.
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with a small but significant reduction in CrCl compared with 
rivaroxaban. Compared with patients with SRF, patients 
with WRF experienced an increased incidence of vascu-
lar death; the composite end point of stroke, systemic 
embolism, vascular death, or myocardial infarction; and 
all-cause mortality. We also found that among patients 
with WRF, rivaroxaban was associated with significantly 
lower rates of the primary end point of stroke and sys-
temic embolism and the composite end point of stroke, 
systemic embolism, vascular death, or myocardial in-
farction compared with warfarin; however, this was with-
out an increase in the composite bleeding end point.

This is the first study to demonstrate a differential 
on-treatment effect of any NOAC compared with warfa-
rin in patients with WRF. Changes in renal function are 
frequently observed in clinical practice and often com-
plicate medical management. In this cohort, more than 
one quarter of patients experienced a significant decline 
in renal function. Although baseline renal function was 
required for inclusion or dosing in trials evaluating the 

NOACs, protocols did not specify whether WRF alone 
should lead to study drug discontinuation or dose adjust-
ment.17,28,29 A recent study from the RE-LY trial (Random-
ized Evaluation of Long-Term Anticoagulation Therapy) 
found that a decline in renal function was greater in 
those taking warfarin compared with those taking dabi-
gatran,11 which is consistent with our results. Our study 
extends these findings to a factor Xa inhibitor and as-
sesses outcomes between warfarin and NOAC therapy 
among patients with WRF, which has not been previously 
reported in the literature.

This study has several important implications. First, 
in showing that the reduction in stroke or systemic em-
bolism among WRF patients on rivaroxaban compared 
with warfarin was without any major difference in major 
or NMCR bleeding, these data suggest that rivaroxaban 
may be a better choice of anticoagulant for patients 
with AF who experience on-treatment WRF. This is par-
ticularly important because we also found that experi-
encing WRF is relatively frequent among patients with 

Figure 1. Forest plot of treatment hazard ratios (HRs) by renal function category. 
CI indicates confidence interval; hbg, hemoglobin; ICH, intracranial hemorrhage; MI, myocardial infarction; NMCR, nonmajor 
clinically relevant; pt-years; patient-years; SE, systemic embolism; SRF, stable renal function; V-death, vascular death; and WRF, 
worsening renal function.
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Entre	
  pacientes	
  con	
  
empeoramiento	
  
intra	
  tratamiento	
  de	
  
la	
  función	
  renal,	
  	
  
Rivaroxaban	
  se	
  
asoció	
  a	
  menores	
  
tasas	
  de	
  ACV	
  y	
  
embolias	
  periféricas	
  
sin	
  aumento	
  de	
  
sangrados	
  



Variabilidad	
  de	
  la	
  respuesta	
  a	
  Warfarina	
  

Edad	
  

Sexo	
  

BMI	
  

Medicaciones	
  

Alimentos	
  

Genotipo	
  

Bajo	
  índice	
  terapéutico	
  (VKA)	
  

TTR	
  <58	
  	
  

(más	
  se	
  benefician	
  con	
  NACO)	
  



Dabigatran	
   Rivaroxaban	
   Apixaban	
  

Mecanismo	
  de	
  
Acción	
  

Inhibidor	
  directo	
  de	
  
Trombina	
  

Inhibidor	
  Factor	
  Xa	
   Inhibidor	
  Factor	
  Xa	
  

Dosis	
  en	
  FANV	
   150	
  mg	
  *2	
   20	
  mg/dia	
  	
  con	
  la	
  
cena	
  

5	
  mg*2	
  

IR	
  Cl	
  Cr	
   	
  15-­‐30	
  ml/m:	
  75	
  mg	
  
<15:	
  no	
  usar	
  

15-­‐50	
  ml/m:	
  15	
  mg	
  
con	
  la	
  comida	
  

>80	
  a,	
  <60	
  K,	
  Cr	
  >	
  
1.5:	
  2.5	
  mg*2	
  

IH	
   No	
  modificar	
  en	
  IH	
  
moderada	
  

Evitar	
  en	
  IH	
  
moderada	
  o	
  
asociada	
  a	
  
coagulopatía	
  

No	
  usar	
  en	
  IH	
  severa	
  

Interacciones	
   No	
  usar	
  con	
  
inductores	
  de	
  GP-­‐P	
  
(rifampicina)	
  

No	
  usar	
  con	
  
inhibidores	
  o	
  
inductores	
  de	
  
CYP3A4	
  y	
  GP-­‐P	
  

No	
  usar	
  con	
  
inhibidores	
  o	
  
inductores	
  de	
  
CYP3A4	
  y	
  GP-­‐P	
  

Efectos	
  adversos	
   Dispepsia	
  y	
  
sangrados	
  

Sangrados	
  
	
  

Sangrados	
  



Interacciones	
  medicamentosas	
  

documented. Nonprescription medications (e.g., ace-
taminophen, fish oil, herbal supplements, and grape-
fruit juice) can potentiate the effect of VKAs (18–21).

DOACs are also subject to drug interactions. Rivar-
oxaban and apixaban interact with drugs that are
strong cytochrome P450 3A4 inhibitors or inducers and
are impacted by the efflux transporter P-glycoprotein
(22). Rifampin, a P-glycoprotein inducer, should not be
used with edoxaban or dabigatran. Medications that
inhibit the P-glycoprotein system increase dabigatran
and edoxaban plasma concentrations. Concomitant
use of quinidine, dronedarone, or verapamil with
edoxaban significantly increases edoxaban exposure
(23). Although the dose of edoxaban was reduced by
50% in patients taking concomitant verapamil, quini-
dine, or dronedarone in ENGAGEAF-TIMI 48 (Effective
Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation-Thrombolysis In Myocardial Infarc-
tion 48), the FDA does not recommend dose reduction
in patients who are taking concomitant P-gp inhibitors
(24). Patients taking antiretroviral therapy, cyclo-
sporine, azole antifungals, and macrolides were
excluded from ENGAGE AF-TIMI 48, and the use of
these agents in patients taking DOACs should be
avoided as they increase edoxaban concentrations.

INTERRUPTION OF DRUG THERAPY

Short-term interruption of OACT is safe for most low-
risk invasive procedures. Management of OACT
should be individualized for patients at higher
thromboembolic risk who are undergoing high-risk
procedures. Procedures that pose a high risk of
bleeding include intracranial, intraspinal, retroperi-
toneal, or intrathoracic surgery. Intraocular pro-
cedures and neuraxial anesthesia may present risks to
patients with even minor bleeding. Bridging with a
parenteral agent (e.g., unfractionated heparin or
low-molecular-weight heparin) is common, but the
data on prevention of embolic events are limited, and
the rate of bleeding is significantly increased (25). The
decision to bridge must balance the risk of an embolic
event against the risk of bleeding (26).

TRANSITIONING BETWEEN

ANTICOAGULANT AGENTS

The INR monitoring is needed when transitioning
patients from VKA to a DOAC to avoid over-
anticoagulation. INR targets when switching from
warfarin to a DOAC are summarized in Table 4. If

TABLE 4 Selected Drug Interactions With Direct Acting Oral Anticoagulants*

Mechanism of Drug Interaction Dabigatran (Pradaxa) (107)
Rivaroxaban

(Xarelto) (108) Apixaban (Eliquis) (109) Edoxaban (Savaysa) (24)

Carbamazepine Strong inducer of CYP3A4
and P-gp

Avoid use Avoid use Avoid use No specific recommendations

Clarithromycin Strong inhibition of CYP3A4
and P-gp

No adjustment needed No adjustment
needed

Reduce dose from 5 mg twice
daily to 2.5 mg twice daily

If on 2.5 mg twice daily,
discontinue apixaban

No specific recommendations

Dronedarone P-gp inhibitor With CrCl 30–50 ml/min,
reduce dose to 75 mg
twice daily

No specific
recommendations

No specific recommendations No adjustment needed

Itraconazole Strong inhibition of CYP3A4
and P-gp

No adjustment needed Avoid use Reduce dose from 5 mg twice
daily to 2.5 mg twice daily

If on 2.5 mg twice daily,
discontinue apixaban

No specific recommendations

Ketoconazole Strong inhibition of CYP3A4
and P-gp

With CrCl 30–50 ml/min,
reduce dose to 75 mg
twice daily

Avoid use Reduce dose from 5 mg twice
daily to 2.5 mg twice daily

If on 2.5 mg twice daily,
discontinue apixaban

No specific recommendations

Phenytoin Strong inducer of CYP3A4
and P-gp

Avoid use Avoid use Avoid use No specific recommendations

Rifampin Strong inducer of CYP3A4
and P-gp

Avoid use Avoid use Avoid use Avoid use

Ritonavir Strong inhibition of CYP3A4
and P-gp

No adjustment needed Avoid use Reduce dose from 5 mg twice
daily to 2.5 mg twice daily

If on 2.5 mg twice daily,
discontinue apixaban

No specific recommendations

St. John’s wort Strong inducer of CYP3A4
and P-gp

Avoid use Avoid use Avoid use No specific recommendations

*This is not a comprehensive list of all drug interactions. Please refer to individual medication manufacturer prescribing information for complete information. Estimate creatinine clearance (CrCl) using
Cockcroft-Gault formula: ([140 – age] ! weight [in kg] ! 0.85 if female)/(72 ! creatinine [in mg/dl]).

Abbreviations as in Table 3.
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Monitoreo	
  de	
  	
  NACO	
  

•  Laboratorio	
  basal:	
  Hb,	
  hto,	
  función	
  hepática	
  y	
  renal,	
  RIN/TP	
  

•  En	
  cada	
  visita:	
  sangrados,	
  adherencia,	
  EA,	
  medicación	
  

concomitante	
  

•  Anualmente:	
  laboratorio	
  basal	
  

•  Cl	
  Cr	
  30-­‐60,	
  >75	
  a	
  ó	
  frágiles:	
  FR	
  c/6	
  meses	
  

•  Cl	
  Cr	
  15-­‐30:	
  FR	
  c/3	
  meses	
  
Cl	
  Cr/10	
  



Ecuación	
  de	
  Cockcroft-­‐Gault	
  

{[(140-­‐edad)×peso	
  (kg)×0.85	
  (F)]/

[72×CR(md/dl)]}	
  



Cambio	
  de	
  anticoagulantes	
  

Conversión	
   Apixaban	
   Rivaroxaban	
   Dabigatran	
  

De	
  warfarina	
  a	
  
NACO	
  

RIN	
  <2	
   RIN	
  <3	
   RIN	
  <2	
  

De	
  NACO	
  a	
  
Warfarina	
  

Parenteral	
  	
  y	
  warfarina	
  
cuando	
  corresponda	
  próxima	
  
dosis	
  de	
  Apixaban	
  

Parenteral	
  	
  y	
  warfarina	
  cuando	
  
corresponda	
  próxima	
  dosis	
  de	
  
Rivaroxaban	
  

	
  

ClCr>50,	
  empezar	
  W	
  3	
  días	
  
antes	
  de	
  suspender	
  D	
  
30-­‐50,	
  2	
  días	
  antes	
  
15-­‐30,	
  1	
  día	
  antes	
  
<15,	
  ?	
  

De	
  NACO	
  a	
  parenteral	
   Empezar	
  al	
  momento	
  de	
  
siguiente	
  dosis	
  de	
  A	
  

Empezar	
  al	
  momento	
  de	
  
siguiente	
  dosis	
  de	
  R	
  
	
  

CL	
  Cr	
  >30,	
  a	
  las	
  12	
  hs	
  de	
  
la	
  última	
  dosis	
  
<30	
  a	
  las	
  24	
  hs	
  

De	
  NACO	
  a	
  NACO	
   Con	
  la	
  próxima	
  
dosis	
  

Con	
  la	
  próxima	
  
dosis	
  

??	
  

De	
  parenteral	
  a	
  
NACO	
  

Con	
  la	
  siguiente	
  
dosis	
  

HBPM:	
  0-­‐2	
  antes	
  de	
  la	
  
siguiente	
  dosis	
  nocturna	
  y	
  
omitir	
  HBPM	
  
No	
  fraccionada:	
  al	
  suspender	
  

HBPM:	
  0-­‐2	
  antes	
  de	
  la	
  
siguiente	
  dosis	
  nocturna	
  y	
  
omitir	
  HBPM	
  
No	
  fraccionada:	
  al	
  suspender	
  

	
  

Suspensión	
  
temporal	
  de	
  NACO	
  

Mod.	
  o	
  alto	
  R	
  de	
  
sangrado:48	
  hs	
  antes	
  
Bajo	
  R:	
  24	
  hs	
  

24	
  horas	
  antes	
   ClCr	
  >50:	
  24-­‐48	
  hs	
  
antes	
  
<50:	
  3-­‐5	
  dias	
  antes	
  



Sangrados	
  Mayores	
  
	
  

SNC,	
  pericardio,	
  intraocular,	
  retroperitoneo,	
  intraarticular,	
  síndrome	
  compartamental	
  
Caída	
  de	
  >	
  2g/dl	
  de	
  Hb	
  

Requiere	
  transfusión	
  de	
  por	
  lo	
  menos	
  2	
  U	
  
Requiere	
  corrección	
  quirúrgica	
  

Requiere	
  agentes	
  vasoactivos	
  EV	
  
	
  

Sangrados	
  no	
  mayores,	
  clínicamente	
  relevantes	
  
	
  

Hospitalización	
  o	
  elevar	
  el	
  nivel	
  de	
  cuidados	
  
Control	
  médico	
  o	
  quirúrgico	
  

Cambio	
  en	
  el	
  tratamiento	
  anticoagulante	
  
	
  

Sangrados	
  Menores	
  
	
  

Autolimitados	
  
No	
  requiere	
  visita	
  médica	
  
No	
  requiere	
  tratamiento	
  

	
  
	
  
	
  



Como	
  minimizar	
  riesgo	
  de	
  sangrado?	
  

•  Seleccionar	
  la	
  dosis	
  correcta	
  del	
  NACO	
  para	
  cada	
  paciente	
  y	
  

para	
  cada	
  patología	
  

•  Evitar	
  anti	
  agregantes	
  plaquetarios	
  y	
  AINE	
  

•  Determinar	
  función	
  renal	
  al	
  inicio	
  y	
  durante	
  el	
  seguimiento	
  

(Cockcroft-­‐Gault)	
  (Cl-­‐Cr/10)	
  



NACO	
  y	
  función	
  renal	
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therapy resulted in a lower incidence 
of stroke in patients with CKD, includ-
ing those on dialysis.2 The authors 
found that warfarin compared with 
no antithrombotic therapy was associ-
ated with a higher risk of bleeding in 
patients with CKD. Similarly, among 
patients with AF, CKD, and myocardial 
infarction in the Swedish Web-System 
for Enhancement and Development of 
Evidence-Based Care in Heart Disease 
Evaluated According to Recommended 
Therapies (SWEDEHEART) registry, 
treatment with warfarin compared with 
no anticoagulation reduced all-cause 
mortality, recurrent myocardial infarc-
tion, and stroke without an increased 
risk of bleeding.3

A recent analysis of 154 259 patients 
from Danish national registries found 
warfarin to be beneficial for stroke pre-
vention in patients with CKD.1 This 
study showed lower risks of all-cause 
mortality, cardiovascular death, and a 
composite of fatal stroke or fatal bleed-
ing with warfarin compared with no 
antithrombotic therapy in patients with 
CKD. Additionally, the investigators 
found no increased risk of hemorrhagic 
stroke or major bleeding with warfarin.

Contrary to these findings, a retro-
spective analysis of 205 836 patients 
with CKD in Canada demonstrated a 
higher risk of bleeding with warfarin 
compared with no warfarin. However, 
this study showed a reduced risk of 
stroke with warfarin compared with no 
warfarin.4 Furthermore, a retrospective 
study of 1671 patients on dialysis in the 
United States and Canada reported an 
increased risk of stroke with warfarin 
versus no antithrombotic therapy.5 In 
this cohort, the risk of stroke was high-
est in patients who did not undergo 
routine monitoring of anticoagulation 
with the international normalized ratio.

Warfarin treatment in AF patients 
with CKD presents additional risks that 
are less common in the non-CKD pop-
ulation. Warfarin is associated with an 
increased risk of vascular calcification, 
calciphylaxis, and access site bleeding 
in dialysis patients. Warfarin-induced 
vascular calcification may possibly 
have a detrimental effect on renal 

function. A post hoc analysis of 16 490 
patients in the Randomized Evaluation 
of Long-Term Anticoagulation Therapy 
(RE-LY) trial found a greater decline in 
renal function among patients treated 
with warfarin versus dabigatran.6

NOACs in AF With CKD
NOACs have emerged as a promising 
alternative to warfarin for the preven-
tion of stroke and systemic thrombo-
embolism in patients with AF. Unlike 
warfarin, NOACs have a predictable 
effect without the need for frequent 
monitoring and have fewer diet and 
drug interactions. The pharmacokinetic 
profile of each NOAC is unique and 
should be taken into consideration in 
the selection of an antithrombotic ther-
apy for patients with AF (Table 1).7 All 
NOACs undergo some degree of renal 

clearance; as a consequence, the risk of 
bleeding increases with deterioration 
of renal function. Dose modification is 
recommended in patients with reduced 
renal function (Table 2).

Contemporary trials of apixaban, 
dabigatran, edoxaban, and rivaroxaban 
showed efficacy and safety that were 
comparable or superior to those of war-
farin in patients with AF and moderate 
CKD (eCrCl, 30–49 mL·min−1·1.73 m−2; 
Figure).8–12 The Apixaban for Reduction 
in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation 
(ARISTOTLE) trial demonstrated that 
apixaban compared with warfarin was 
associated with a lower risk of stroke, 
thromboembolism, major bleeding, and 
death in patients with moderate CKD.9 
Similarly, in the RE-LY trial, dabigatran 
was superior to warfarin in patients with 

Table 1. Pharmacokinetic Characteristics of NOACs

Apixaban Dabigatran Edoxaban Rivaroxaban

Target Factor Xa Thrombin Factor Xa Factor Xa

Bioavailability, % 66 6.5 50 80

Prodrug No Yes No No

Half-life, h 8–13 12–14 9–11 7–13

Renal clearance, % 25 80 35 66; half as inactive drug

NOAC indicates novel oral anticoagulant.

Table 2. Summary of the US Food and Drug Administration Dose Recommendations 
of NOACs for Patients With Nonvalvular AF and CKD 

eCrCl, mL/min* Apixaban† Dabigatran Edoxaban‡ Rivaroxaban

>90 5 or 2.5 mg 
twice daily

150 mg twice 
daily

60 mg once daily 20 mg once daily with 
evening meal

51–90 5 or 2.5 mg 
twice daily

150 mg twice 
daily

60 mg once daily 20 mg once daily with 
evening meal

31–50 5 or 2.5 mg 
twice daily

150 mg twice 
daily

30 mg once daily 15 mg once daily with 
evening meal

15–30 5 or 2.5 mg 
twice daily

75 mg twice 
daily

30 mg once daily 15 mg once daily with 
evening meal

<15 not on 
dialysis

5 or 2.5 mg 
twice daily

Not 
recommended

Not recommended Not recommended

<15 on  
dialysis

5 or 2.5 mg 
twice daily

Not 
recommended

Not recommended Not recommended

AF indicates atrial fibrillation; CKD, chronic kidney disease; eCrCl, estimated creatinine clearance; and 
NOAC, novel oral anticoagulant. 

*eCrCl measured with the Cockcroft-Gault method. 
†Apixaban 2.5 mg twice daily if patient has any 2 of the following: serum creatinine ≥1.5 mg/dL, age ≥80 

years, or body weight ≤60 kg. 
‡Not recommended in patients with eCrCl >95 mL/min. 
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Figure2 Start-up for dabigatran. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma, or
recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations, vas-
cular aneurysms, or intraspinal vascular anomalies or intracerebral higher. §, dose regimens for acute VTE: 150 mg BID; for VTE prevention after knee
or hip replacement surgery (14 or 30 days, respectively): 110 mg (initial dose) then 220 mg daily. DVT, deep venous thrombosis; PE, pulmonary
embolism; CrCl, creatinine clearance (preferably measured by the Cockroft method); VKAs, vitamin K antagonists; INR, international normalized
ratio; VTE, venous thromboembolism; BID, twice daily.
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Figure 3 Start-up for rivaroxaban. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma
or recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations,
vascular aneurysms, or intraspinal vascular anomalies or intracerebral higher. **, Patients with CrCl ,30 mL/min were excluded from ROCKET AF;
*, concomitant treatments: quinidine, fluconazole, cyclosporin, tacrolimus, clarithromycin, erythromycin, rifampicin, carbamazepine, phenytoin, and
phenobarbital; §, dose regimens for acute VTE: 20 mg daily (15 mg twice daily for initial 21 days); for VTE prevention after knee or hip replacement
surgery (14or30days, respectively): 10 mgdaily; CrCl, creatinine clearance (preferably measuredby theCockroftmethod); VKAs, vitamin Kantago-
nists; INR, international normalized ratio; VTE, venous thromboembolism.
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Figure 4 Start-up for apixaban. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma or
recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations, vas-
cular aneurysms or intraspinal vascular anomalies, or intracerebral higher. §, dose regimens for acute VTE: 5 mg twice daily (10 mg twice daily for
initial 7 days); for VTE prevention after knee or hip replacement surgery (14 or 30 days, respectively): 2.5 mg twice daily; **, Patients with serum
creatinine level of .2.5 mg per deciliter or calculated CrCl ,25 ml per minute were excluded from ARISTOTLE; CrCl, creatinine clearance (pref-
erably measured by the Cockroft method); VKAs, vitamin K antagonists; INR, international normalized ratio.
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patients with atrial fibrillation and a creatinine clearance 
>95 mL/min. In the article by Bohula et al,1 additional 
investigations into the efficacy and safety of edoxaban 
60 mg once daily in patients with creatinine clearance 
>95 mL/min verified a signal of higher thromboembolic 
rates with edoxaban compared with warfarin in this set-
ting, although this finding was based on small numbers 
of patients and events. This issue seems to be less a 
problem with apixaban5 and dabigatran,12 for which the 
efficacy and safety effects were also consistent at good 
renal function.

In this issue of Circulation, Fordyce and colleagues2 
highlight the question of the potential impact of gradual 
deterioration of renal function on the efficacy and safety 
of oral anticoagulation. So far, the information on renal 
function changes over time in patients with atrial fibril-
lation is scarce. In the ROCKET-AF trial (An Efficacy and 
Safety Study of Rivaroxaban With Warfarin for the Pre-
vention of Stroke and Non-Central Nervous System Sys-
temic Embolism in Patients With Non-Valvular Atrial Fi-
brillation), the factor Xa inhibitor rivaroxaban, with ≈35% 
renal elimination, at 20 mg once daily was noninferior to 
warfarin in the prevention of stroke or systemic embo-
lism and major bleeding both in the total cohort and in 
patients with poor renal function at baseline.4,11 In this 
ROCKET AF substudy focusing on serial assessments of 
renal function, ≈25% of participants had worsening renal 
function during follow-up defined as a decrease in cre-
atinine clearance of ≥20% from baseline. Patients with 
worsening renal function during the study had a higher 
mortality and composites of thromboembolic and cardio-
vascular events compared with those with stable renal 
function throughout the trial. Overall, it can be concluded 
that rivaroxaban compared with warfarin demonstrated 
at least preserved efficacy and safety in patients with 
worsening in renal function. Recently, an ARISTOTLE 
(Apixaban for Reduction in Stroke and Other Thrombo-

embolic Events in Atrial Fibrillation) substudy evaluating 
renal function changes over time demonstrated that 
apixaban remained superior to warfarin, regardless of 
normal, poor, or worsening renal function during the trial.5 
Similarly, preliminary data show that the advantages of 
dabigatran over warfarin also were sustained over time 
regardless of normal or poor renal function.12 These 
accumulated results emphasize that the advantages of  
NOACs are maintained and that these treatments may be 
continued in patients with deteriorating kidney function, 
although the dose might need to be adjusted at lower 
levels of renal function.

CURRENT STATUS AND DILEMMAS AHEAD
The body of evidence for the superior efficacy and safety 
of NOACs compared with warfarin in atrial fibrillation is 
steadily increasing. The accumulated results on the per-
formance of the different NOACs compared with warfarin 
at poor renal function are presented in the Figure. Overall, 
the advantages and safety/efficacy profiles of the differ-
ent NOACs compared with warfarin are maintained at 
poor and deteriorating renal function. However, we still 
lack head-to-head comparisons of the different NOACs 
in different patient groups and different settings, which 
would allow us to further personalize treatment. There 
is also a need for more information on the best choice 
of compound and dose in patients with good renal func-
tion (>95 mL/min). An additional area that remains poorly 
understood is the potential long-term benefit of NOACs 
compared with warfarin, considering an eventual more 
rapid deterioration of renal function resulting from war-
farin-induced vascular calcification.3 Furthermore, anti-
thrombotic strategies in patients with atrial fibrillation and 
end-stage renal disease remain a rather uncharted field. 
The evidence so far is based mainly on retrospective reg-
istry studies with conflicting results, with an obvious need 

Figure. Rates of stroke and major 
bleeding. 
Rates of stroke and major bleeding for the 
different non–vitamin K antagonist oral anti-
coagulants (NOACs) compared with warfarin 
within each respective trial in the subset of 
patients with a creatinine clearance ≤50 mL/
min. The inclusion criteria varied between tri-
als.8–11  *Event rates from 857 patients with 
atrial fibrillation and a creatinine clearance 
of 30 to 60 mL/min randomized to aspirin in 
AVERROES trial (A Phase III Study of Apixa-
ban in Patients With Atrial Fibrillation).13 Dabi 
indicates dabigatran; SE, systemic embo-
lism; and Warf, warfarin.
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across the range of renal function is critical in deter-
mining the optimal treatment for patients with atrial
fibrillation (AF). Indeed, an interaction between renal
function and major bleeding risk has been previously
described (2,3), and another novel oral anticoagulant,
edoxaban, has been associated with an increased risk
of stroke compared with warfarin among patients with
creatinine clearance >95 ml/min. The present report
aims to evaluate the risks of thromboembolism and
major bleeding associated with dabigatran and
warfarin in relation to renal function.

We conducted a retrospective analysis of admin-
istrative claims from Optum Lab Data Warehouse and
identified adult users of either dabigatran or warfarin
for AF between 2008 and 2014. Baseline estimated
glomerular filtration rate (GFR), calculated using the
Modification of Diet in Renal Disease equation, was
available for all included patients. We identified
dabigatran-treated patients with AF and propensity-
matched patients treated with warfarin in a
1:3 ratio. Propensity score matching with replacement
was used to account for the differences in patients’
baseline characteristics. We used Poisson regression
to compare outcomes across the range of renal func-
tion and tested the interaction between treatment
effect and renal function. Outcomes included:
1) thromboembolism, including ischemic stroke,
transient ischemic attack, or systemic embolism; and
2) major bleeding.

We included 17,015 patients in the study (5,469
dabigatran users and 11,546 warfarin users). The
median age was 70 years (interquartile range [IQR]:
62 to 77 years) in the dabigatran cohort and 71 years
(IQR: 63 to 79 years) in the warfarin cohort.

The median CHA2DS2-VASc (congestive heart failure,
hypertension, age $75 years, diabetes mellitus,
stroke/transient ischemic attack, vascular disease,
age 65 to 74 years, sex category) score was 4 (IQR: 2 to
5) in the dabigatran cohort, and 4 (IQR: 3 to 5) in the
warfarin cohort. The median of the HAS-BLED
(hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile interna-
tional normalized ratio, elderly, drugs/alcohol
concomitantly) score was 2 (IQR: 2 to 3) in both
cohorts. Dabigatran and warfarin users were closely
balanced for all other baseline covariates and had
similar length of follow-up, 0.68 and 0.69 year,
respectively. The index GFR did not differ by treat-
ment arm and was normal (GFR $90 ml/min/1.73 m2)
for just under 20% of participants. One-half of
participants had mild kidney disease (GFR 60 to
89 ml/min/1.73 m2), and nearly 30% had moderate
kidney disease (stage 3, GFR 30 to 59 ml/min/1.73 m2).
Severe kidney disease (GFR <30 ml/min/1.73 m2) was
infrequent, occurring in approximately 2% of the
sample. We found significant interaction between
treatment and GFR for thromboembolism (p < 0.01),
major bleeding (p < 0.001), and gastrointestinal
bleeding (p < 0.001), but not for intracranial bleeding
(p¼ 0.91). As seen in Figure 1, in patients with GFR$90
ml/min/1.73 m2, the incidence rate per 100 person-
years was higher in dabigatran compared with
warfarin for thromboembolism (1.26 vs. 0.41; inci-
dence rate ratio [IRR]: 3.14; 95% confidence interval
[CI]: 1.11 to 8.88; p<0.05) and lower formajor bleeding
(0.64 vs. 2.28; IRR: 0.28; 95% CI: 0.10 to 0.81; p< 0.05).
In patients with GFR 60 to 89 ml/min/1.73 m2, dabiga-
tran was associated with a lower risk of major bleeding

FIGURE 1 Incidence Rate Ratios for Primary and Secondary Endpoints by GFR Categories and All Patients

GFR (mL/min/1.73m2)

<30 30-59 60-89 ≥90
All patients

Primary endpoints

Secondary endpoints

Thromboembolism

Major bleeding

Intracranial bleeding

GI bleeding

0.53 (0.27-1.05) 0.78 (0.46-1.32) 3.14 (1.11-8.88)* 0.80 (0.55-1.17)

3.58 (1.48-8.65)** 0.77 (0.50-1.17) 0.39 (0.25-0.62)*** 0.28 (0.10-0.81)* 0.57 (0.43-0.76)***

0.25 (0.06-1.06) 0.29 (0.08-1.00)* 0.62 (0.07-5.70) 0.30 (0.12-0.70)**

4.50 (1.60-12.68)** 0.97 (0.60-1.57) 0.48 (0.29-0.81)** 0.19 (0.04-0.81)* 0.69 (0.50-0.94)*

Favors warfarin Favors dabigatran

Thromboembolism and intracranial bleeding endpoints are combined for the <60 ml/min/1.73 m2 range due to low event rates. *p < 0.05,
**p < 0.01, ***p < 0.001. GFR ¼ estimated glomerular filtration rate; GI ¼ gastrointestinal.
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Why is the need for these tests so urgent? Quantifi-
cation of plasma concentrations of the DOACs is critical 
when assessing their potential contribution to serious 
bleeding, when making decisions about the timing of ur-
gent surgery or interventions, or when determining wheth-
er patients with acute ischemic stroke can safely be given 
fibrinolytic therapy. Patients with elevated drug levels in 
these settings may benefit from the administration of a 
reversal agent, whereas those with little or no circulating 
drug will not. In urgent situations, clinicians may adminis-
ter reversal agents without waiting for the results of labo-
ratory testing, but how do we otherwise identify patients 
who need reversal, and how do we monitor the extent of 
reversal achieved when reversal agents are given?

Idarucizumab is licensed for dabigatran reversal in 
patients with life-threatening bleeding or in those requir-
ing urgent surgery or intervention. An elevated aPTT at 
baseline provides sufficient grounds to administer ida-
rucizumab, but a normal aPTT may not exclude the po-
tential benefit from reversal because the aPTT is less 
responsive to dabigatran than the ecarin clot time. This 
concept is supported by data from the first 90 patients 
enrolled in the RE-VERSE AD (Reversal Effects of Idaru-
cizumab on Active Dabigatran) study3; at baseline, 25 
of these patients had a normal aPTT, whereas only 9 
had a normal ecarin clot time. Therefore, more sensitive 
tests than the aPTT are needed to best identify patients 
who will benefit from idarucizumab and to monitor their 
response to treatment.

In patients taking rivaroxaban, apixaban, or edoxa-
ban, the PT will not identify patients requiring reversal 
with andexanet or inform the timing of urgent surgery. 
In the ongoing Prospective, Open-Label Study of Andex-
anet Alfa in Patients Receiving a Factor Xa Inhibitor Who 
Have Acute Major Bleeding (ClinicalTrials.gov Unique 
identifier NCT02329327), andexanet is administered as 
a bolus followed by a 2-hour infusion.4 Although blood 
is collected for central laboratory determination of anti–
factor Xa activity, the treating physician cannot access 
this information. Instead, the dose of andexanet is de-
termined by which oral factor Xa inhibitor the patient is 
taking and the time from the last dose. If implemented 
in practice, this approach could lead to unnecessary ad-
ministration or underdosing of andexanet if the clinical 
information is incorrect. Therefore, unless anti–factor Xa 
levels are available locally, the treating physician has no 
way to determine whether reversal is warranted, to cal-
culate the appropriate andexanet dose, and to monitor 
the extent of reversal. Although the cost of andexanet 
has not been revealed, it will be at least as expensive as 
idarucizumab, which costs about $3500 per dose in the 
United States. Therefore, ready access to rapidly avail-
able, calibrated tests is needed to ensure that reversal 
agents are given appropriately.

Can we achieve this goal? All modern coagulometers 
are capable of performing chromogenic assays with a 
turnaround time similar to that for the aPTT or PT, and 
anti–factor Xa assays are already available for quanti-
fying levels of heparin or low-molecular-weight heparin. 
Commercial anti–factor Xa assays for rivaroxaban and 
apixaban and a diluted thrombin time and ecarin chromo-
genic assay for dabigatran are available, and an anti–fac-
tor Xa assay for edoxaban soon will be (Table). Adoption 
of these assays into practice requires their regulatory 
approval for clinical use and their widespread introduc-
tion into busy emergency departments. We urge regula-
tory agencies and hospitals to get on board to make this 
happen.
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Table.  Assays Available to Measure Plasma Levels 
of the DOACs

Target Drug Test Manufacturers

Thrombin Dabigatran Diluted thrombin
time

Hyphen-BioMed, 
Neuville-Sur-Oise, 
France

Instrument Laboratory, 
Bedford, MA

Ecarin 
chromogenic 
assay

Diagnostica Stago, 
Asnieres, France

Factor Xa Rivaroxaban Calibrated 
anti–factor Xa

Hyphen-BioMed

Instrument Laboratory

Diagnostica Stago

Technoclone, Vienna, 
Austria

Apixaban Calibrated 
anti–factor Xa

Hyphen-BioMed

Diagnostica Stago

Technoclone

Edoxaban Calibrated 
anti–factor Xa

Diagnostica Stago 
(not yet commercially 
available)

DOAC indicates direct oral anticoagulant.
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SPECIFIC REVERSAL AGENTS
Idarucizumab
Idarucizumab is a humanized monoclonal antibody 
fragment developed as a specific reversal agent 
for dabigatran (Figure 1, Table 1). It binds with high 
affinity (350 times higher than thrombin) to free and 
thrombin-bound dabigatran62 and binding is effectively 

irreversible.63 In healthy volunteers with normal renal 
function, peak plasma concentrations were achieved 
at the end of a 5-minute infusion, and idarucizumab 
had an initial half-life of 47 minutes.64 Despite its short 
plasma half-life, idarucizumab binds all the dabigatran 
in plasma within minutes.63 Idarucizumab is primarily 
eliminated renally,64,65 so drug exposure is increased 
in patients with impaired renal function. However, such 

Figure 1. Specific NOAC reversal agents. 
Dabigatran binds with high affinity to the fragment antigen-binding (Fab) cavity of idarucizumab which prevents dabigatran from 
binding to factor IIa (thrombin). Andexanet alpha is a modified human recombinant factor Xa decoy that binds the direct factor Xa 
inhibitors rivaroxaban, apixaban, and edoxaban. Andexanet alpha is catalytically inactive because of the replacement of active-
site serine (S419) with alanine (A419) and the deletion of the γ-carboxyglutamic acid–rich (GLA) membrane-binding domain, 
which eliminates the ability to assemble the prothrombinase complex comprising factor Xa and factor Va. The factor Xa inhibitors 
are thereby sequestered within the vascular space allowing the restoration of endogenous factor Xa activity and thrombin gen-
eration. Ciraparantag is a small synthetic water-soluble molecule that binds to a wide range of anticoagulants through noncova-
lent hydrogen bonding and charge-charge interactions preventing the anticoagulants from binding to their endogenous targets. 
II indicates factor II; IIa, activated factor II (thrombin); Va, activated factor V; antagonist GLA, γ-carboxyglutamic acid-rich; factor 
Xa, activated factor X; LMWH, low-molecular-weight heparin; NOAC, non–vitamin K antagonist oral anticoagulant; and  
UFH, unfractionated heparin.
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inhibitors rivaroxaban, apixaban, and edoxaban. Andexanet alpha is catalytically inactive because of the replacement of active-
site serine (S419) with alanine (A419) and the deletion of the γ-carboxyglutamic acid–rich (GLA) membrane-binding domain, 
which eliminates the ability to assemble the prothrombinase complex comprising factor Xa and factor Va. The factor Xa inhibitors 
are thereby sequestered within the vascular space allowing the restoration of endogenous factor Xa activity and thrombin gen-
eration. Ciraparantag is a small synthetic water-soluble molecule that binds to a wide range of anticoagulants through noncova-
lent hydrogen bonding and charge-charge interactions preventing the anticoagulants from binding to their endogenous targets. 
II indicates factor II; IIa, activated factor II (thrombin); Va, activated factor V; antagonist GLA, γ-carboxyglutamic acid-rich; factor 
Xa, activated factor X; LMWH, low-molecular-weight heparin; NOAC, non–vitamin K antagonist oral anticoagulant; and  
UFH, unfractionated heparin.
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inhibitors rivaroxaban, apixaban, and edoxaban. Andexanet alpha is catalytically inactive because of the replacement of active-
site serine (S419) with alanine (A419) and the deletion of the γ-carboxyglutamic acid–rich (GLA) membrane-binding domain, 
which eliminates the ability to assemble the prothrombinase complex comprising factor Xa and factor Va. The factor Xa inhibitors 
are thereby sequestered within the vascular space allowing the restoration of endogenous factor Xa activity and thrombin gen-
eration. Ciraparantag is a small synthetic water-soluble molecule that binds to a wide range of anticoagulants through noncova-
lent hydrogen bonding and charge-charge interactions preventing the anticoagulants from binding to their endogenous targets. 
II indicates factor II; IIa, activated factor II (thrombin); Va, activated factor V; antagonist GLA, γ-carboxyglutamic acid-rich; factor 
Xa, activated factor X; LMWH, low-molecular-weight heparin; NOAC, non–vitamin K antagonist oral anticoagulant; and  
UFH, unfractionated heparin.
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of apixaban were associated with an increased rate of
clinically relevant bleeding, whereas this outcome did
not occur with the lower dose of apixaban. Dabigatran
was noninferior to warfarin for the extended treat-
ment of VTE, with an improved safety profile (86). The
lower dose of apixaban was as effective as and safer
than the higher dose for the extended treatment of
VTE in patients with clinical equipoise regarding the
continuation or cessation of anticoagulation therapy
(87). An ongoing clinical trial is aimed at assessing the

clinical value of full-dose rivaroxaban compared with
the prophylactic dose and aspirin in the extended
treatment of VTE (88).

In a meta-analysis of Phase III placebo-controlled
studies on extended treatment, both all-cause mor-
tality and recurrent VTE were lower with NOACs
than with placebo (0.6% per year vs. 1.1% per year
[p ¼ 0.01] and 1.9% per year vs. 10.9% per year
[p < 0.0001], respectively) (45). No significant dif-
ference between treatments was observed in case

CENTRAL ILLUSTRATION New Anticoagulants for Venous Thromboembolism: Mechanisms of Action
of Anticoagulant Agents and of Antidotes for New Oral Anticoagulant Agents

Becattini, C. et al. J Am Coll Cardiol. 2016;67(16):1941–55.

The coagulation cascade and anticoagulant agents. Targets of anticoagulation and targets of the antidotes idarucizumab and andexanet. AT ¼ antithrombin;
LMWH ¼ low-molecular-weight heparin; TF ¼ tissue factor; TFPI ¼ tissue factor pathway inhibitor; VKAs ¼ vitamin K antagonists.
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Cual	
  es	
  el	
  mejor	
  antídoto	
  para	
  
hemorragias	
  para	
  los	
  NACO?	
  

Tiempo	
  



Se	
  requiere	
  hemostasia	
  normal	
  y	
  cirugía	
  en	
  <24	
  horas?	
  

Intervenciones	
  
pueden	
  ser	
  realizadas	
  

24-­‐48	
  hs	
  después	
  
última	
  dosis	
  de	
  

NACO,	
  dependiendo	
  
de	
  la	
  función	
  renal	
  y	
  
el	
  riesgo	
  de	
  sangrado	
  
Con	
  D	
  e	
  IR	
  	
  moderada	
  
a	
  severas,	
  esperar	
  

>48-­‐96	
  hs	
  
dependiendo	
  del	
  

grado	
  de	
  IR	
  y	
  el	
  riesgo	
  
de	
  la	
  cirugía	
  

No	
  revertir	
  

Medir	
  actividad	
  
anticoagulante	
  

IDT:	
  TTPa,	
  TTD,	
  TCE	
  
Inhibidores	
  FXa:TP,	
  

anti	
  FXa	
  

Coagulación	
  anormal	
  

Revertir	
  
IDT:	
  idarucizumab	
  	
  
o	
  ciraparantag	
  

Inhibidores	
  FXa:	
  
andexanet	
  o	
  
ciraparantag	
  

SI	
   NO	
  

SI	
  

NO	
  



NACO	
  y	
  Antitrombóticos	
  

RE-­‐LY:	
  el	
  riesgo	
  de	
  sangrado	
  mayor	
  aumenta	
  cuando	
  se	
  agregan	
  antiplaquetarios	
  

	
  a	
  warfarina	
  (2.8	
  vs	
  4.8)	
  o	
  dabigatran	
  (2.6	
  vs	
  4.4)	
  (%/año)	
  

ARISTOTLE:	
  el	
  riesgo	
  de	
  sangrado	
  aumenta	
  cuando	
  se	
  combinan	
  antiagregantes	
  	
  

a	
  	
  warfarina	
  o	
  apixaban	
  (mayor	
  en	
  el	
  caso	
  de	
  warfarina)	
  

RE-­‐DUAL	
  PCI:	
  dabigatran	
  +inhibidor	
  P2Y12	
  	
  vs	
  warfarina	
  +	
  inhibidor	
  P2Y12	
  +AAS	
  100	
  

PIONEER-­‐AF	
  PCI:	
  rivaroxaban	
  15	
  	
  día+nhibidor	
  P2Y12	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  rivaroxaban	
  2.5	
  *2+inhibidor	
  P2Y12	
  +AAS	
  100	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  VKA	
  (RIN	
  2-­‐3)+inhibidor	
  P2Y12	
  +AAS	
  100	
  



Fibrilación	
  Auricular.	
  Iglesias	
  R,	
  Pozzer	
  D,	
  Vita	
  N.	
  



0-­‐12	
  m	
  
desde	
  
SCA	
  

>12	
  m	
  
desde	
  
SCA	
  

SCA	
  con	
  	
  
tto	
  médico	
   SCA	
  con	
  stent	
  

Stent	
  
programado	
  

Triple	
  
terapia	
  

Warfarina	
  
y	
  AAS	
  

AC	
  con/sin	
  
antiplaquetario	
  

único	
  

Baja	
  dosis	
  de	
  
AAS	
  

Acceso	
  radial	
  
Warfarina:	
  RIN	
  

2-­‐2.5	
  
Clopidogrel	
  si	
  
necesita	
  triple	
  

terapia	
  

Evitar	
  GPIIbIIIa	
  
Acceso	
  radial	
  

BMS	
  
Baja	
  dosis	
  de	
  AAS	
  
Precaución	
  con	
  
triple	
  terapia	
  

Con	
  warfarina:	
  RIN	
  
2-­‐2.5	
  

Pacientes	
  con	
  FA	
  en	
  tratamiento	
  con	
  warfarina	
  0	
  NACO	
  	
  
y	
  requiren	
  stent	
  



Stent	
  coronario	
  en	
  terapia	
  
antiagregante	
  dual	
  y	
  desarrollan	
  FA	
  

>1	
  mes	
  con	
  stent	
  de	
  metal	
  
>6	
  meses	
  con	
  stent	
  con	
  drogas	
  	
  

Nuevo	
  comienzo	
  
de	
  FA	
  

Warfarina	
  o	
  
NACO	
  solos	
  

<1	
  mes	
  con	
  stent	
  de	
  metal	
  
<6	
  meses	
  con	
  stent	
  con	
  drogas	
  

Nuevo	
  comienzo	
  
de	
  FA	
  

CHA2DS2-­‐VASc	
  
Score	
  0-­‐1	
  

CHA2DS2-­‐VASc	
  
Score	
  2	
  0	
  mayor	
  

Warfarina	
  y	
  DAPT	
  	
  
(triple	
  terapia	
  lo	
  más	
  corta	
  
posible	
  dependiendo	
  de	
  

stent	
  programado	
  vs	
  SCA)	
  

DAPT	
  
sola	
  



Queda	
  algún	
  lugar	
  en	
  la	
  terapéutica	
  	
  	
  
para	
  inhibidores	
  de	
  vitamina	
  K?	
  

Insuficiencia	
  renal	
  severa	
  (clearence	
  <	
  15	
  mL/h)	
  

Prótesis	
  mecánica	
  

Valvulopatías	
  hemodinámicamente	
  significativas	
  



Anticoagulación	
  y	
  cirugía	
  
Intervenciones	
  de	
  bajo	
  riesgo	
  de	
  

sangrado	
  
Intervenciones	
  de	
  alto	
  riesgo	
  de	
  

sangrado	
  
	
  

Biopsia	
  por	
  endoscopía	
   Cirugía	
  torácica	
  

Biopsia	
  prostática	
  o	
  vesical	
   Cirugía	
  abdominal	
  

Estudio	
  EFS	
  o	
  ablación	
  	
  por	
  
radiofrecuencia	
  

Cirugía	
  ortopédica	
  mayor	
  

Angiografía	
   Biopsia	
  hepática	
  

MPD	
  0	
  cardiodesfibrilador	
   Biopsia	
  renal	
  

Cataratas,	
  extracciones	
  dentales,	
  
anestesia	
  peridural	
  

Anestesia	
  espinal	
  o	
  peridural;	
  punción	
  
lumbar	
  

Cirugia	
  dermatológica	
   Resección	
  	
  prostática	
  transuretral	
  

Intervenciones	
  coronarias	
  percutáneas	
   Ablación	
  de	
  venas	
  pulmonares	
  

Artroplastía	
  total	
  de	
  rodilla	
   Ablación	
  de	
  taquicardias	
  ventriculares	
  

Cirugía	
  artroscópica	
  



Riesgo	
  quirúrgico	
  de	
  embolia	
  

Riesgo	
   Válvulas	
  mecánicas	
   Fibrilación	
  
auricular	
  

TVP	
  

Alto	
   Prótesis	
  valvular	
  mitral	
  
Válvulas	
  protésicas	
  aórticas	
  
(“cage-­‐ball,	
  tilting	
  disc”)	
  
ACV/TIA	
  <	
  6	
  meses	
  

CHADS2	
  	
  5-­‐6	
  
ACV/TIA	
  <3	
  	
  meses	
  
Enfermedad	
  
valvular	
  reumática	
  

TVP	
  <	
  3	
  meses	
  
Trombofilia	
  severa	
  

Moderado	
   Aórtica	
  bicúspide	
  y	
  otro	
  
factor	
  de	
  riesgo	
  

CHADS2	
  	
  3-­‐4	
  
	
  

TVP	
  3-­‐12	
  meses	
  
Trombofilia	
  no	
  
severa	
  
TVP	
  recurrente	
  
Cáncer	
  activo	
  

Bajo	
   Aórtica	
  bicúspide	
  sin	
  otro	
  
factor	
  de	
  riesgo	
  

CHADS2	
  	
  1-­‐2	
  ó	
  <	
  
No	
  ACV/TIA	
  previo	
  
	
  

TVP	
  >	
  12	
  meses	
  sin	
  
otro	
  factor	
  de	
  
riesgo	
  



Anticoagulación	
  y	
  procedimientos	
  

Fármaco	
   Intervalo	
  recomendado	
  entre	
  ultima	
  
dosis	
  y	
  procedimiento	
  

Warfarina	
  
Acenocumarol	
  

1-­‐8	
  días	
  

Heparina	
  no	
  fraccionada	
   IV	
  2-­‐6	
  horas	
  
SC	
  12-­‐24	
  horas	
  

HBPM	
   24	
  horas	
  

Dabigatran	
   1-­‐2	
  días	
  

Rivaroxaban	
   >1	
  día	
  
	
  

Apixaban	
   1-­‐2	
  días	
  



Anticoagulación	
  y	
  procedimientos	
  II	
  

Droga	
   Cirugía	
  de	
  bajo	
  riesgo	
  
hemorrágico	
  

Cirugía	
  de	
  alto	
  riesgo	
  
hemorrágico	
  

Dabigatran	
   Reiniciar	
  a	
  las	
  24	
  horas	
  de	
  
la	
  cirugía	
  150	
  mg*2	
  

Reiniciar	
  48-­‐72	
  horas	
  de	
  la	
  cirugía	
  
150	
  mg	
  *2.	
  En	
  pacientes	
  de	
  alto	
  
riesgo	
  embólico	
  1	
  dosis	
  diaria	
  de	
  
110-­‐150	
  mg	
  a	
  partir	
  de	
  las	
  12	
  horas	
  
de	
  la	
  cirugía,	
  durante	
  las	
  primeras	
  
48	
  horas	
  

Rivar0xaban	
   Reiniciar	
  a	
  las	
  24	
  horas	
  de	
  
la	
  cirugía	
  20	
  mg	
  1	
  vez	
  al	
  día	
  
	
  

Reiniciar	
  48-­‐72	
  horas	
  de	
  la	
  cirugía	
  
20	
  mg	
  1	
  vez	
  al	
  día.	
  En	
  pacientes	
  de	
  
alto	
  riesgo	
  embólico	
  1	
  dosis	
  diaria	
  
de	
  10	
  mg	
  a	
  partir	
  de	
  las	
  12	
  horas	
  de	
  
la	
  cirugía,	
  durante	
  las	
  primeras	
  48	
  
horas	
  
	
  

Apixaban	
   Reiniciar	
  a	
  las	
  24	
  horas	
  de	
  
la	
  cirugía	
  5	
  mg	
  *2	
  
	
  
	
  

Reiniciar	
  48-­‐72	
  horas	
  de	
  la	
  cirugía	
  5	
  
mg	
  *2.	
  En	
  pacientes	
  de	
  alto	
  riesgo	
  
embólico	
  1	
  dosis	
  diaria	
  de	
  2.5*2	
  
mg	
  a	
  partir	
  de	
  las	
  12	
  horas	
  de	
  la	
  
cirugía,	
  durante	
  las	
  primeras	
  48	
  
horas	
  
	
  



Anticoagulación	
  Puente	
  

Los	
  anticoagulantes	
  orales	
  no	
  deben	
  interrumpirse	
  en	
  procedimientos	
  de	
  bajo	
  
riesgo	
  de	
  sangrado	
  

Debe	
  	
  considerarse	
  el	
  puente	
  en	
  pacientes	
  de	
  alto	
  riesgo	
  de	
  tromboembolia	
  sin	
  
excesivo	
  riesgo	
  de	
  sangrado.	
  
Aquellos	
  con	
  bajo	
  riesgo	
  de	
  tromboembolia	
  no	
  deben	
  puentearse	
  
El	
  riesgo	
  de	
  tromboembolia	
  periprocedimiento	
  en	
  general,	
  es	
  muy	
  bajo	
  

Los	
  casos	
  intermedios	
  deben	
  analizarse	
  individualmente	
  
En	
  general	
  el	
  riesgo	
  de	
  sangrado	
  es	
  mayor	
  que	
  el	
  riesgo	
  de	
  embolia	
  
Debe	
  considerarse	
  si	
  aún	
  es	
  necesaria	
  la	
  anticoagulación	
  
Debe	
  evaluarse	
  posponer	
  cirugía	
  hasta	
  que	
  disminuya	
  riesgo	
  de	
  tromboembolia	
  



“BRIDGE	
  TRIAL”	
  

•  Paciente	
  de	
  riesgo	
  moderado	
  de	
  TE	
  (CHADS2:	
  2.3)	
  

•  FA	
  valvulares	
  y	
  no	
  valvulares	
  

•  Puente	
  a	
  HBPM	
  vs	
  placebo	
  

•  TE:	
  0.4%	
  pl	
  vs	
  0.3%	
  HBPM	
  (p=	
  0.01	
  para	
  no	
  inferioridad)	
  

•  Sangrados	
  mayores	
  :	
  1.3%	
  pl	
  vs	
  3.2%	
  HBPM	
  (p=0.005)	
  

•  Sangrados	
  menores:	
  12%	
  pl	
  vs	
  20.9%	
  HBPM	
  (p=0.001)	
  



PERIOP2	
  	
  

A	
  double	
  Blind	
  Randomized	
  Control	
  Trial	
  of	
  Post-­‐Operative	
  

Low	
  Molecular	
  Weight	
  Heparin	
  Bridging	
  Therapy	
  Versus	
  

Placebo	
  Bridging	
  Therapy	
  for	
  Patients	
  Who	
  Are	
  at	
  High	
  Risk	
  

for	
  Arterial	
  Thromboembolism	
  



fibrillation and to those at predominantly intermedi-
ate risk of TE (although 16.3% had concomitant
valvular disease). Extrapolation of the BRIDGE results
to groups with greater TE risk, such as patients
with atrial fibrillation and higher CHADS2 scores,

mechanical heart valves, or recent venous or arterial
thromboses, should be done cautiously. But the low
arterial TE rate (0.4%) in BRIDGE patients considered
to be at intermediate TE risk is reassuring. Other
randomized trials are underway to address these

CENTRAL ILLUSTRATION Bridging Anticoagulation: Algorithms for Periprocedural Interrupting and Bridging Anticoagulation
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HighIntermediateLow

What is the daily thromboembolic risk?
HighIntermediateLow

Is atrial fibrillation the indication for OAC?
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Does the thromboembolic risk clearly
outweigh the increased bleeding risk from bridging?

Decision trees for periprocedural interruption of chronic oral anticoagulation (top) and for periprocedural bridging anticoagulation (bottom). OAC ¼ oral
anticoagulation.
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Ablación	
  y	
  Cardioversión	
  

•  Se	
  puede	
  realizar	
  cardioversión	
  eléctrica	
  bajo	
  tratamiento	
  
con	
  NACO	
  siempre	
  y	
  cuando	
  exista	
  certeza	
  de	
  adherencia	
  a	
  
tratamiento	
  en	
  las	
  3	
  semanas	
  previas.	
  Caso	
  contrario…eco	
  
transesofágico.	
  

•  Luego	
  de	
  ablación	
  efectiva	
  de	
  venas	
  pulmonares,	
  se	
  
suspende	
  AC	
  a	
  los	
  3	
  meses	
  en	
  paciente	
  de	
  bajo	
  riesgo.	
  Caso	
  
contrario	
  se	
  continúa.	
  

•  Luego	
  de	
  CV	
  eléctrica	
  o	
  farmacológica,	
  se	
  continúa	
  
anticoagulación	
  4	
  semanas	
  salvo	
  en	
  CHA2DS2-­‐VASc	
  de	
  0.	
  Si	
  
es	
  mayor	
  de	
  2…	
  se	
  continúa.	
  



Bajo	
  riesgo	
  de	
  sangrado	
   Alto	
  riesgo	
  de	
  sangrado	
  

Suspender	
  	
  
NACO	
  

Reiniciar	
  
NACO	
  

Reiniciar	
  
NACO	
  

Suspender	
  
NACO	
  

24	
  horas	
  
previas	
  

48	
  horas	
  
previas	
  

Considerar	
  
riesgo	
  de	
  

sangrado	
  frente	
  
a	
  riesgo	
  de	
  
embolias	
  

6-­‐8	
  horas	
  
después	
  de	
  una	
  
hemostasia	
  
completa	
  



NACO	
  y	
  pruebas	
  de	
  laboratorio	
  

NACO	
   TP	
   KPTT	
   TT	
   Tiempo	
  de	
  
ecarina	
  

Anti	
  FXa	
  

Dabigatran	
   é çè	
   éé	
   ééé	
   é	
   çè	
  

Rivaroxaban	
   é çè	
  
	
  

é çè	
  
	
  

çè	
  
	
  
	
  

çè	
  
	
  
	
  

é	
  
	
  

Apixaban	
   é çè	
  
	
  

é çè	
  
	
  

çè	
  
	
  
	
  

çè	
  
	
  
	
  

é	
  
	
  



NACO	
  vs	
  Inhibidores	
  de	
  vit	
  K:	
  
Conclusiones	
  

•  Inhiben	
  a	
  la	
  trombina	
  (dabigatran)	
  ó	
  al	
  	
  FXa	
  (rivaroxaban-­‐

apixaban)	
  

•  Tienen	
  rápido	
  comienzo	
  y	
  fin	
  de	
  su	
  acción	
  farmacológica	
  

(comparado	
  a	
  antagonistas	
  de	
  vit	
  K)	
  

•  Ausencia	
  de	
  interacciones	
  con	
  alimentos	
  ricos	
  en	
  vit	
  K	
  

•  Menores	
  interacciones	
  medicamentosas	
  

•  FC	
  y	
  FD	
  predecibles	
  lo	
  que	
  permite	
  administrarlos	
  en	
  dosis	
  

fijas	
  sin	
  monitoreo	
  de	
  coagulación	
  rutinario	
  



NACO	
  vs	
  inhibidores	
  de	
  vit	
  K:	
  
Conclusiones	
  II	
  

•  Como	
  clase	
  farmacológica	
  tienen	
  mejor	
  perfil	
  de	
  riesgo/beneficio	
  

que	
  los	
  antagonistas	
  de	
  vit	
  K	
  (warfarina)	
  

•  La	
  eficacia	
  en	
  la	
  prevención	
  	
  de	
  eventos	
  tromboembólicos	
  es	
  por	
  lo	
  

menos	
  similar	
  a	
  warfarina	
  

•  Pero…Son	
  más	
  seguros	
  con	
  respecto	
  a	
  sangrados,	
  especialmente	
  

hemorragia	
  intracranial	
  

•  Si	
  hubiera	
  sangrado,	
  el	
  pronóstico	
  es	
  mejor	
  que	
  con	
  warfarina	
  

•  El	
  riesgo	
  de	
  sangrado	
  con	
  algunos	
  NACO	
  es	
  similar	
  al	
  de	
  aspirina	
  

•  Reducen	
  la	
  mortalidad	
  en	
  pacientes	
  con	
  FA	
  respecto	
  a	
  warfarina	
  

•  Desde	
  el	
  punto	
  de	
  vista	
  económico	
  son	
  más	
  costo	
  beneficiosos	
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started or are about to start on the use of dabigatran
(NCT01895777, NCT02197416, NCT02223260, and
NCT01083732), rivaroxaban (NCT02497716, NCT02309411,
and NCT02234843), apixaban (NCT01707394,
NCT02464969 and NCT02369653), and edoxaban
(NCT02303431) in children.

NOACs FOR THE INITIAL AND

LONG-TERM TREATMENT OF VTE

DESIGN OF THE CLINICAL TRIALS. Overall, in the
initial and long-term treatment of patients with VTE,
6 randomized trials have been performed: 2 studies
with dabigatran, 2 studies with rivaroxaban, and
1 study each with apixaban and edoxaban (Table 1)
(37–42). The study designs of these trials reveal sim-
ilarities and differences. All the trials were designed
to demonstrate noninferior efficacy compared with
conventional anticoagulant treatment (LMWH fol-
lowed by vitamin K antagonists). Noninferiority was
deemed to be a satisfactory achievement, as the main
advantage of these agents over conventional treat-
ment is oral administration in fixed doses without
laboratory monitoring. The lack of superiority could
cause some clinicians to refrain from considering
treatment with NOACs as a real breakthrough to
be transferred to clinical practice. However, the

advantages observed in terms of bleeding complica-
tions, as well as the drugs’ improved practicality,
confer clinical value to these noninferiority results.
Different criteria for definitions of noninferiority
were used across the studies (upper 95% CI: 2.75 for
dabigatran, 2.0 for rivaroxaban, 1.8 for apixaban, and
1.5 for edoxaban). These criteria contributed to
different sample size estimations (2,550 patients in
each study with dabigatran, 3,000 patients with
rivaroxaban in the pulmonary embolism and DVT
studies, 5,400 patients with apixaban, and 7,500 pa-
tients with edoxaban).

All the studies used recurrence and VTE-related
death as the primary efficacy outcome. The rivarox-
aban and edoxaban studies followed an event-driven
design on the basis of efficacy outcomes. Major
bleeding was the primary safety outcome in the
apixaban trial, whereas the composite of major and
clinically relevant nonmajor bleeding (clinically rele-
vant bleeding) was the primary safety outcome in the
remaining trials. Four trials enrolled patients with
either DVT or pulmonary embolism, whereas the
rivaroxaban program comprised 2 separate studies
(1 for patients with DVT and 1 for patients with pul-
monary embolism). The trials were double-blind,
except for those with rivaroxaban (39,40). In the
Hokusai trial, edoxaban was given as a 60-mg daily

TABLE 1 Efficacy and Safety of NOACs for the Treatment of VTE: Results From Clinical Trials

Trial Name (Ref. #) Design Treatments
Duration
(months) Patients TTR (%) Efficacy Outcome Safety Outcome

RE-COVER,
2009 (37)

DB Enoxa/dabigatran
(150 mg bid)

Enoxa/warfarin

6 2,539 acute VTE 60 Recurrent VTE or VTE-
related death:
2.4% enoxa/dabigatran,
2.1% enoxa/warfarin

Major/clinically relevant
nonmajor bleeding:
5.6% dabigatran,
8.8% warfarin

RE-COVER II,
2011 (38)

DB Enoxa/dabigatran
(150 mg bid)

Enoxa/warfarin

6 2,539 acute VTE 57 Recurrent VTE or fatal PE:
2.3% dabigatran,
2.2% warfarin

Major/clinically relevant
nonmajor bleeding:
5.0% dabigatran,
7.9% warfarin

EINSTEIN-DVT,
2010 (39)

Open-label Rivaroxaban (15 mg bid
for 3 weeks, then
20 mg od)

Enoxaparin/VKA

3, 6, or 12 3,449 acute DVT 58 Recurrent VTE:
2.1% rivaroxaban,
3.0% enoxa/warfarin

Major/clinically relevant
nonmajor bleeding:
8.1% rivaroxaban,
8.1% enoxa/warfarin

EINSTEIN-PE,
2012 (40)

Open-label Rivaroxaban (15 mg bid
for 3 weeks, then
20 mg od)

Enoxa/VKA

3, 6, or 12 4832 acute PE 63 Recurrent VTE:
2.1% rivaroxaban,
1.8% enoxa/VKA

Major/clinically relevant
nonmajor bleeding:
10.3% rivaroxaban,
11.4% enoxa/VKA

AMPLIFY,
2013 (41)

DB Apixaban (10 mg bid for
7 days, then 5 mg bid)

Enoxa/warfarin

6 5,395 acute VTE 61 Recurrent VTE or VTE-
related death:
2.3% apixaban,
2.7% enoxa/VKA

Major bleeding:
0.6% apixaban,
1.8% enoxa/warfarin

Hokusai,
2013 (42)

DB LMWH/edoxaban (60 mg
od or 30 mg od)

UFH or LMWH/warfarin

#12 8,292 acute VTE 63 Recurrent VTE:
3.2% enoxa/edoxaban,
3.5% enoxa/warfarin

Major/clinically relevant
nonmajor bleeding:
8.5% enoxa/edoxaban,
10.3% enoxa/warfarin

AMPLIFY¼ Efficacy and Safety Study of Apixaban for the Treatment of Deep Vein Thrombosis or Pulmonary Embolism; bid ¼ once daily; DB¼ double-blind; DVT ¼ deep vein thrombosis; enoxa¼ enoxaparin;
EINSTEIN-DVT ¼ Oral Direct Factor Xa Inhibitor Rivaroxaban in Patients With Acute Symptomatic deep vein thrombosis; EINSTEIN-PE ¼ Oral Direct Factor Xa Inhibitor Rivaroxaban in Patients With Acute
Symptomatic Pulmonary Embolism; HOKUSAI ¼ Comparative Investigation of Low Molecular Weight (LMW) Heparin/Edoxaban Tosylate (DU176b) Versus (LMW) Heparin/Warfarin in the Treatment of
Symptomatic Deep-Vein Blood Clots and/or Lung Blood Clots; LMWH ¼ low-molecular-weight heparin; NOAC ¼ new oral anticoagulant agent; od ¼ once daily; PE ¼ pulmonary embolism; RE-COVER ¼
Efficacy and Safety of Dabigatran Compared to Warfarin for 6 Month Treatment of Acute Symptomatic Venous Thromboembolism; TTR ¼ time in therapeutic range; UFH ¼ unfractionated heparin; VKA ¼
vitamin K antagonist; VTE ¼ venous thromboembolism.
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fatality rates of VTE recurrence (p ¼ 0.17). No fatal
bleeding events were reported with NOACs during
extended treatment. A nonsignificant increase in
major bleeding was reported in patients receiving
NOACs (risk ratio: 1.41; 95% CI: 0.53 to 3.76).

The enhanced benefit-to-risk profile of the NOACs
relative to the vitamin K antagonists could lead to
a change in practice concerning extended treatment in
patients with unprovoked VTE or in those with
persistent risk factors. Indeed, the benefit of extend-
ing treatment with low doses could increase the pro-
portion of patients prescribed extended treatment.
However, when making decisions regarding extended
treatment, the poor predictive value of commonly
used bleeding risk scores should be taken into account.
The extension studies also open the way for shifting
patients from conventional treatment to NOACs.

NOACs IN CLINICAL PRACTICE

The real-world safety profile of NOACs remains to be
defined. If the efficacy to safety profile reported in
Phase III trials is confirmed, the reduction in medical
costs estimated in economic analyses could also be
translated to the real world (89).

The PREFER (PREvention oF thromboembolic
events) registry showed that in clinical practice,
NOACs were more frequently used for treatment of
VTE in younger patients (age <65 years, 26.8%; age 65
to 74 years, 19.8%; and age $75 years, 14.3%). NOACs
were used less frequently in those with lower weight
(#60 kg vs.>60 kg 13.4% vs. 23.3%), renal insufficiency
(22.7% vs. 11.1% in patients with creatinine clearance
levels #60 ml/min), diabetes (22.9% vs. 13.5% in pa-
tients without and with diabetes), and those at risk of
bleeding (according to HAS-BLED score [low 27.1%;

medium 17.8%; and high 12.5%]) (90). Use in pulmo-
nary embolism was as frequent as use in DVT.

Disease-based registry studies aimed at eval-
uating NOACs in real-life patients are underway
(NCT02210819, NCT02155491, NCT02295475, and
NCT02345343).

NOACs FOR VTE TREATMENT IN THE

CURRENT GUIDELINES

Because the results of clinical trials with NOACs were
published in the past few years, these agents have
been considered only in the most recent guidelines.
In the 2014 European Society of Cardiology guidelines
for the management of pulmonary embolism, dabi-
gatran, rivaroxaban, apixaban, and edoxaban were all
recommended as alternatives to conventional anti-
coagulation agents for the treatment of pulmonary
embolism (31). Rivaroxaban and apixaban are indi-
cated according to the single-drug approach, whereas
dabigatran and edoxaban should be used after initial
heparin treatment. Dabigatran, rivaroxaban, and
apixaban are also indicated as alternatives to warfarin
for extended treatment.

THE RESPONSIBLE USE OF NOACs FOR THE

TREATMENT OF VTE

Although >30,000 patients have been included in
studies with NOACs for the treatment of VTE, these
patients may not be completely representative of the
real-life population of patients with this disease. As
an example, the mean age of patients included in
the trials is significantly lower than the mean age of
patients with VTE included in disease registries;
mortality rates reported in clinical trials were also

TABLE 5 Main Results of Phase III Studies With NOACs for Extended Treatment of VTE

NOAC (Ref. #) Study N Treatment
Duration
(months) Efficacy Outcome Safety Outcome

Dabigatran
(85)

RE-MEDY 2,856 Dabigatran 150 mg bid vs.
warfarin (INR 2–3)

18–36 Recurrent VTE: 1.8% with
dabigatran, 1.3% with
warfarin

Major bleeding: 0.9% with
dabigatran, 1.8% with
warfarin

RESONATE 1,343 Dabigatran 150 mg bid vs.
placebo

6 Recurrent VTE: 0.4% with
dabigatran, 5.6% with
warfarin

Major bleeding: 0.3% with
dabigatran, 0 with
placebo

Rivaroxaban
(39)

EINSTEIN-extension 602 Rivaroxaban 20 mg daily
vs. placebo

6 or 12 Recurrent VTE: 1.3% with
rivaroxaban, 7.1% with
placebo

Major bleeding: 0.7% with
rivaroxaban, 0 with
placebo

Apixaban (86) AMPLIFY-extension 2,486 Apixaban 2.5 mg bid vs.
placebo

12 Recurrent VTE and death:
1.7% with apixaban,
8.8% with placebo

Major bleeding: 0.2% with
apixaban, 0.5% with
placebo

Apixaban 5 mg twice daily
vs. placebo

Recurrent VTE and death:
1.7% with apixaban,
8.8% with placebo

Major bleeding: 0.1% with
apixaban, 0.5 % with
placebo

RESONATE ¼ Twice-daily Oral Direct Thrombin Inhibitor Dabigatran Etexilate in the Long Term Prevention of Recurrent Symptomatic VTE; other abbreviations as in Tables 1 and 3.
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value in real life of these antidotes remains to be
defined. Administration of activated charcoal should
be considered when the last dose of NOACs occurred
within 2 h (36).

A proposal regarding the management of surgery or
invasive procedures while undergoing treatment with
NOACs for VTE is reported in Figure 1 and in the
Central Illustration.

NOACs FOR EXTENDED TREATMENT OF VTE

DESIGN OF THE CLINICAL TRIALS. In the extended
treatment of VTE, clinical trials were conducted with
dabigatran, rivaroxaban, and apixaban (Table 5).
Dabigatran, rivaroxaban, and 2 doses of apixaban
were compared with placebo in patients with uncer-
tainty about the clinical benefit of continued anti-
coagulation (39,86,87). Dabigatran was also compared
with warfarin in patients with indications for
extended treatment of VTE (86). All of the trials of
NOACs versus placebo were superiority studies,

whereas the trial of dabigatran versus warfarin was a
noninferiority study. The primary outcome was
recurrent VTE and VTE-related death; the exception
was the study with apixaban, which had recurrent
VTE and overall mortality as the primary outcome.
The primary safety outcome in all of the studies was
major bleeding. Treatment duration was 12 months in
the dabigatran and apixaban studies versus placebo,
and 6 or 12 months in the rivaroxaban study. In the
study of dabigatran versus warfarin, treatment was
given for up to 36 months.

MAIN RESULTS OF THE STUDIES. Dabigatran (HR:
0.08; 95% CI: 0.02 to 0.25) (80), rivaroxaban (HR: 0.18;
95% CI: 0.09 to 0.39) (39), and both doses of apixaban
(RR: 0.36; 95% CI: 0.25 to 0.53 for the 5-mg twice-daily
dose; RR: 0.33; 95% CI: 0.22 to 0.48 for the 2.5-mg
twice-daily dose) (87) were more effective than pla-
cebo for the extended treatment of VTE. The rate of
major bleeding was low in all of the placebo-controlled
studies. Dabigatran, rivaroxaban, and the higher dose

FIGURE 1 VTE and the NOACs

NOACs non inferior to
LMWH followed by VKAs
in the treatment of VTE
and prevention of
recurrences

NOACs associated with
less bleeding* compared
with LMWH followed by
VKAs 

VENOUS THROMBOEMBOLISM AND THE NOACs

Elderly:

Intermediate-high risk PE:

Renal failure:

Extreme body weight:

Pregnancy-breast feeding:

No specific dose adjustment
tested in clinical trials

limited evidence available;
patients excluded from
clinical trials if thrombolysis
indicated

dose reduction indicated for
edoxaban; no dose
reduction tested for VTE
with other NOACs. NOACs
not recommended if creatinine
clearance < 30ml/min 
(25 ml/min for apixaban)

Dose reduction tested for
edoxaban. Caution for body
weight <50 or >120 kg

Limited evidence available

Main results of trials with new oral anticoagulant agents (NOACs) for the treatment of venous thromboembolism (VTE) and prevention of
recurrences (left side) and specific issues associated with the use of NOACs for the treatment of VTE (right side). *Different results in terms of
major bleeding or clinically relevant bleeding obtained with different NOACs. LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary
embolism; VKA ¼ vitamin K antagonist.
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