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OVERVIEW

• NOACs in clinical use
• Review of pivotal clinical studies in AF 
• Bleeding risk with NOACs
• Management of bleeding
• Things to consider



Coagulation cascade and novel anticoagulants.

Edoxaban (po)



NOAC pharmacology

Apixaban Rivaroxaban Dabigatran

Brand name Eliquis Xarelto Pradaxa

Target Factor Xa Factor Xa Factor IIa

T max, h 1-3 2-4 1.25-3

Half-life, h 8-15 9-13 12-14

Renal 25% 60% 80%

Food effect Not Reported Delays absorption Delays absorption

Effect of age Not Reported Variable None

Effect of body weight Not Reported None None



Drug Interactions: 
Novel Anticoagulants 

Dabigatran
(Pradaxa)

Rivaroxaban
(Xarelto)

Apixaban
(Eliquis)

NYYCYP3A4

YYYP-glycoprotein

NoNoNoMeans to monitor 
interaction



CYP3A4 Drug Interactions

InhibitorsInducers
grapefruitamiodaronecarbamazepine
indinaviramprenavirefavirenz
itraconazoleAprepitantglucocorticoids
ketoconazoleatazanavirnevitapine
lopinavircimetidinephenobarbital
nefazodoneclarithromycinphenytoin
nelfinavirdiltiazemprimidone
nofluoxetineerythromycinRifampin
ritonavirfluconazolerifapentine
saquinavirfluoxetinerintonavir
synercidfluvoxamineSt John’s Wort
verapamilCyclosporin
voriconazolequinidine



P-Glycoprotein Drug Interactions

InhibitorsInducers
itraconazoleamiodaroneclotrimazole

ketoconazolecefoprazoneSt John’s Wort

nicardipineceftriaxonemidazolam

nlfedipineclarithromycinnifedipine

propranololcyclosporinephenobarbital

quinidinediltiazemphenytoin

quininedipyridamolerifampin

tacrolimuserythromycin

tamoxifenhydrocortisone

verapamil



NOAC development pathway:
Phase 3 clinical trials involving Rivaroxaban

Comparator No. 
(approx) of 
patients

Acronym

AF VKA 14 000 ROCKET-AF

VTE primary 
prophylaxis

Orthopedic LMWH 8 500 RECORD 1-4

Medical LMWH 8 000 MAGELLAN

VTE acute treatment LMWH+VKA 6 200 EINSTEIN DVT 
PE

VTE secondary 
prevention

Placebo (before 
randomization, all 
patients received 6-
12 months of  
anticoagulation)

1 300 EINSTEIN 
extension study

Acute coronary 
syndrome

Placebo 16 000 ATLAS ACS 
TIMI 51



NOAC STUDIES IN NON 
VALVULAR ATRIAL FIBRILLATION

DABIGATRAN:       RE-LY
RIVAROXABAN:    ROCKET-AF
APIXABAN:            AVERROES 

ARISTOTLE



COMPARISON OF STROKE
PREVENTION IN AF TRIALS

ENGAGE-AF  
TIMI 48

ARISTOTLEROCKETRE-LY

EdoxabanApixaban RivaroxabanDabigatranDrug

20,50018,20614,26618,113N

60,30
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5 (2.5)
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20 (15)
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150,110
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Dose (mg)
Freq

6030
3050

52.52015NoneRenal dose 
adjustment

Double-blindOpenDesign

Stroke/SEEEndpoint

1.381.46Non-Inferiority 
HR boundary



NOAC-related bleeding

• Defined incidence of major and clinically 
relevant non-major bleeding in clinical 
trials

• Uncertain incidence in routine clinical 
practice

• Management of bleeding hampered by
lack of reversal agent and evidence –
based algorithms



Apixaban 
Trial

Context Major & 
CRNM 
bleeding (%)

All bleeding 
(%)

ADVANCE 2
(Lancet 2010)

THR 4 10.9

AVERROES 
(NEJM 2011)

AF 1.4 9.4

ARISTOTLE
(NEJM 2011)

AF 2.13 4.07

APPRAISE II
(NEJM 2012)

ACS 1.3** 18.5





Israeli Recommendations

• Monitoring
• Emergency procedures
• Acute bleeding

– Mild
– Moderate
– Severe



General approach to severe NOAC bleeding



Pharmacologic Management of 
Bleeding (Bauer, AJH 2012)

• aPCC (FEIBA)
– Animal studies and in vitro human studies with 

rivaroxaban
– PT, bleeding time, clot initiation time reduced

• F VIIa
– In vitro and animal studies with rivaroxaban
– Shortened bleeding times,  decreased ETP

• PCC
– Animal and healthy human studies with rivaroxaban
– PT and ETP restored, bleeding not universally 

reduced



• Methods: Rats (Hann:Wistar, 220 g BW) were given 30 mg/kg DE or vehicle by gavage and 
20 min later were anesthetized for surgical preparation. Catheters for i.v. administration of reversal agent and blood 
sampling were placed and 45 min after oral DE a reversal agent (Beriplex®, Octaplex®, Feiba® and 
NovoSeven®) or vehicle was administered intravenously at clinically recommended doses. Bleeding was tested 

at 5, 15, 30 and 120 min (n=3-6/group) post i.v. dosing. Bleeding was induced using a rat tail cut model, where 
standardized incisions are made in the rat tail and the time to hemostasis recorded. Blood samples were taken at the 
same time points as bleeding above to allow correlation between ex vivo clotting and bleeding times. Clotting was 
performed using aPTT, TT, PT, ECT and diluted TT on a laboratory coagulometer and dabigatran plasma levels were 
determined by Hemoclot. 

2316 The Successful Reversal of Dabigatran-Induced Bleeding by Coagulation 
Factor Concentrates in a Rat Tail Bleeding Model Do Not Correlate with Ex Vivo 
Markers of Anticoagulation 
Program: Oral and Poster Abstracts
Session: 332. Antithrombotic Therapy: Poster II

Sunday, December 11, 2011, 6:00 PM-8:00 PM 

Results: Beriplex® 35 U/kg, Octaplex® 40 U/kg, Feiba® 100 U/kg and NovoSeven®

0.5 µg/kg all completely reversed the DE-induced prolonged bleeding time to 
baseline levels within 5 min of i.v. administration. This effect was maintained 
over the 2 hr measurement period.



Pharmacologic Management of 
Bleeding (Bauer, AJH 2012)

• FXa (recombinant or plasma derived)
– Modified to lack catalytic and membrane-

binding activities; maintain high affinity for Xa 
inhibitors

– Reverse anticoagulant effect of rivaroxaban 
and apixaban in vitro

• (Monoclonal antibodies)





Novel OACs: Things to consider
• Safety in thrombolysis
• Safety with DAPT
• Unexpected safety signals (Archives Int Med and LA 

Times)
• Peri-procedure management
• Laboratory monitoring

– Thrombin time, anti-Factor Xa
• Short half-life

– Convenient in event of bleeding
– Need for strict compliance





RE-LY, ROCKET AF,and ARISTOTLE
Incidence of AMI: hazard ratios

Dabigatran         Dabigatran
RE-LY 110 mg                150 mg        Warfarin                             P
MI                 0.72%                  0.74%          0.53%                               .07

ROCKET
AF Rivaroxaban                         Warfarin                             P        
MI                         0.9%                                    1.1%                             .12

ARISTOTLE  Apixaban                         Warfarin                              P              

MI                            0.53                                  0.61                               .37



Peri-Procedural Management
Moderate High 
Bleeding Risk *
(Average of 4-5 drug Half-Lives 
Separate Last Dose Surgery)

Low Bleeding Risk
Procedures
(Average of 2-3 drug Half-Lives 
Separate Last Dose Surgery)

Half-life
(range) hrs

Skip 4 doses (2 days)
Skip 6-8 doses (3-4 days)
Skip > 10 doses (> 5days)

Skip 2 doses (one day)
Skip 4 doses (two days)
Skip 4-10 doses (2-5d)

14 (11-24)
18 (13-23)
27 (22-35)

DABIGATRAN
Crcl > 50
Crcl 30-50 
Crcl < 30

Skip 2 dose (2 days)
Skip 3-4 doses (3-4 days)

Skip 1 dose (one day)
Skip 2 doses (two days)

8 
9-10

RIVAROXABAN
Crcl > 50
Crcl < 50

Skip 2 doses (2 days)Skip 1 dose (one day)9
APIXABAN

Post-Procedure: Delay re-initiation until
hemostasis is certain (24-72 hours) and epidural removed



Dabigatran: clotting assay summary

Dabigatran concentration

C
lo

tti
ng

 ti
m

e 
(s

ec
)

Median therapeutic drug concentration

Thrombin time

ECT

aPTT

PT



• Holcomb J, NEJM  365;21 November 24, 2011

As dabigatran and other similar therapeutic
agents move into the marketplace, we urge the
Food and Drug Administration to consider the
generalizability of study findings and to support
more pragmatic trials. As such, we strongly urge
that hemorrhagic complications and death resulting
from trauma be included as part of the routine
surveillance of all newly approved oral anticoagulants



Details of Episodes of Bleeding in 44 Patients Taking Dabigatran.

Harper P et al. N Engl J Med 2012;366:864-866.



Outcomes of bleeding patients in 
Dabigatran studies

ASH, Dec 2012

5 STUDIES, 26 000 PATIENTS
1034 MAJOR BLEEDS (D=637, W=407)

NO DIFFERENCE between the patients re:
blood transfusion
length of hospitalization
neurologic function

DABIGATRAN patients:
fewer days in ICU
fewer surgeries for bleeding
lower 30 day mortality (HR=0.55, 95% CI= 0.36-0.85)



Summary
• NOACs “as good as” or better than VKAs
• NOACs safer than VKAs in RCTs
• Possible relationship between dabigatran 

and AMI
• Lessons from real world use likely to be 

forthcoming
– “Actual” efficacy and safety
– Laboratory monitoring
– Management of major hemorrhage
– Novel antidotes in development


