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Six million people in the U.S. are on outpatient anticoagulants, and last 

year 200,000 people (one in 30) were admitted to the hospital for bleeding 

complications, including 65,000 patients on NOACs.

Apr 22, 2014

By December 2011 adverse drug event databases in Europe, Japan, and 

the US showed thousands of  serious and fatal haemorrhages in patients 

taking dabigatran, particularly older patients.

the current situation leaves clinicians and patients the choice between 

the devil they know and the one they don’t

The trouble with dabigatran (editorial) BMJ 2014;349:g4681

Introduction

Heartwire

BMJ  Reports Blast Pradaxa's Path to Market, Make Push for Dose Monitoring

http://www.medscape.com/cardiology/news


Conolly SJ. et al Circulation 2013; 128: 237-243

Major bleeding: All Dabigatran patients < than Warfarin patients

(all patients receiving dabigatran in RE-LY & RELY-ABLE trials)

12,091 patients followed for mean 3y

During RE-LY:

Warfarin: 0.39%/y

Dab 110 0.12%/y

Dab 150 0.09%/y

RELY-ABLE:

Long Term Follow-Up with Dabigatran

Eligible patients: 

Alive and receiving dabigatran, at same blinded dose

Followed at center participating in RE-LY

Total mortality

Rate of ICH higher under 150 mg bid than under 110 mg bid



Dans AL. et al Circulation 2013;127;634-640

RE-LY: Bleeding Events :

Concomitant Use of  Antiplatelet Therapy –

Increases the rate of  bleeding except of  ICH

Single/dual antiplatelet use
Adjusted for:

◘ Age

◘ Sex

◘ Previous warfarin treatment 

◘ CAD

◘ Systolic blood pressure

◘ CHF

◘ Diabetes

◘ Creatinine clearance

◘ Hypertension

◘ TIA

◘ Statin use



Meta-analyses of  Pivotal Studies: Elderly Patients

Similar rate of  major and CRNM bleeding  with NOAC vs comparator

Sardar P. et al  J Am Geriatr Soc 2014;62;857-864

NOAC vs conventional 

therapy for patients aged

75 or older

n= 25,031



Meta-analyses of  Pivotal Studies:  Patients with mild Renal Insufficiency

Similar rate of  Bleeding events under NOAC vs Comparator

Sardar P. et al Cand J Cardiol 2014;30;888-897

NOAC vs pharmacologically 

active agents for patients 

with mild renal insufficiency



Dabigatran: Post Marketing Bleeding Reports

analysis of  the US FDA Mini-Sentinel database

Lower rate of  GI bleeding and ICH under Dabigatran vs Warfarin

Southworth MR et al N Eng J Med Apr 2013;368

limitations to the Mini-Sentinel analysis: 

lack of  adjustment for confounding variables, lack of  a detailed medical record review



From approval, October 2010 through December 2013:

6.2 X 106 prescriptions dispensed

934,000 outpatients

Observational cohort study of  Medicare beneficiaries

New users of  dabigatran or warfarin for AF (new onset)

134,000 patients, 37,500 person-years of  FU

Conclusions:

Lower risk of  ischemic stroke, ICH, death compared to warfarin

An increased risk of  major GI bleeding

A similar risk for MI

Incidence rate 

Per 1,000 person-years

Adjusted HR

(95% CI)

dabigatran warfarin

Ischemic stroke 11.3 13.9 0.80 (0.67-0.96)

Intracranial hemorrhage 3.3 9.6 0.34 (0.26-0.46)

Major GI bleeding 34.2 26.5 1.28 (1.14-1.44)

Acute MI 15.7 16.9 0.92 (0.78-1.08)

mortality 32.6 37.8 0.86 (0.77-0.96)

May 13th 2014

Observational comparison between Dabigatran and Warfarin

134,000 patients, 37,000 person’s year FU



Dabigatran: GI vs ICH Bleeding

in Emergency Department

Berger R. et al. Ann Emerg Med 2013;61;475-479
Budnitz DS. et al N Engl J Med 2011;365;2002-12 

Prospective observational study

Tertiary center,  Boston

57,000 annual ED visits

Jan-Dec 2011:

15 with dabigatran induced bleeding

123 with warfarin induced bleeding

Patients treated with dabigatran:

Shorter  length of  stay:  3.5d vs. 6.0d

Older:  77y vs. 70y

53% presented with acute kidney injury

80% on Dabigatran with GI bleeding

0% vs. 32%

80% vs. 48%



Efficacy and safety of  dabigatran and warfarin in 

‘real world’ patients with atrial fibrillation: 
A prospective Danish cohort study

Larsen TB. et al.  J Am Coll Cardiol. 2013 Jun 4;61(22):2264-73

Danish Registry of  Medicinal 

Product Statistics

dabigatran-treated group and

a 1:2 propensity matched

warfarin-treated group of  

n=4978 and n=8936, respectively 

Conclusions

In this "everyday clinical 

practice" post-approval 

nationwide clinical cohort, there 

were similar stroke/systemic 

embolism and major bleeding 

rates with dabigatran (both 

doses) compared with warfarin . 



Bleeding Complications during Rivaroxaban Therapy in Daily 

Care: results from the Dresden NOAC registry 

J. Beyer-Westendorf et al. Blood First Edition Paper, prepublished online May 23, 2014 

The Dresden Registry:

A prospective, non-interventional oral anticoagulation registry of  daily care 

patients

Between 1 October 2011 and 31 December 2013

1776 patients treated with rivaroxaban were enrolled 

762 patients (42.9%) reported 1082 bleeding events during/within 3 days after last 

intake of  rivaroxaban
▫ 58.9% minor

▫ 35.0% of non-major clinically relevant

▫ 6.1% major bleeding

All cause mortality rate after major bleeding : 10%, (0.3% for all bleeding) 

Bleeding related mortality after major bleeding: 5.1%  

in real life, rates of  rivaroxaban-related

major bleeding may be lower and  the

outcome may at least not be worse than

that of  major VKA related bleeding, 

probably better.



FDA Mini-sentinel:

Gastrointestinal Bleeding With Dabigatran

Sipahi I. et al, JAMA Intern Med. 2014;174(1):150-151

A total of  4 RCTs (enrolling 26,076 patients) were included.

On meta-analysis, dabigatran significantly increased the risk of  GI tract bleeding, compared with 

warfarin (I2 = 0; RR = 1.41 [95% CI, 1.28-1.55]; P < .001)

Using the Mini-Sentinel Database, the FDA obtained a GI tract bleeding rate of  1.6 with dabigatran

and 3.5 with warfarin (per 100 000 days at risk)

The example of  GI tract bleeding risk with dabigatran shows that the results generated by this 

program may contradict the gold-standard clinical evidence from RCTs.



Apixaban

(Eliquis®)

Rivaroxaban 

(Xarelto®)

Dabigatran Etexilate

(Pradaxa®)
Characteristic

Yes
(CYP3A4, CYP1A2, CYP2J2)

Yes
(CYP3A4/A5, CYP2J2)

NoCYP metabolism 

YesYes
Yes 

(for prodrug only)
Efflux transporter P-gp

NOACs: Pharmacology

Adapted from: Gomez-Outes et al Curr Vascul Pharmacol 2009;7;309-329
Eriksson BI. Et al. Clin Pharmancokinet 2009;48;(1);1-22



Rivaroxaban/ApixabanDabigatran Etexilate

Exposure %preparationExposure %preparation

+160Ketoconazole+150Ketoconazole
P-gp inhibitor

+53Quinidine+53Quinidine

+60Amiodarone

+70-100dronedarone

ND+50Verapramil

-50Rifampicin-67RifampicinP-gp induction

NDHypericumNDHypericum

+160KetoconazoleCYP3A4 inhibitor

+50Clarithromycin

+50Ritonavir

-50

Rifampicin

Carbamazepine

Phenytoin

-66

Rifampicin

Carbamazepine

Phenytoin

CYP3A4 inducer

-50Hypericum-66Hypericum

Heidbuchel H. et al Europ Heart J. 2013;34;2094-2106
Schulman S. Crowther MA. Blood 2012;119;3016-23

Clinically Relevant Drug Interactions



Median (5th and 95th percentiles) plasma levels of  rivaroxaban

in patients with normal body mass index and normal renal function. 

Asterix indicates the plasma rivaroxaban concentration in patient, 

measured from a blood sample taken 2 h after oral intake

of 20 mg rivaroxaban

The European Medicines Agency (EMA) advocates

caution in the concomitant use of  rivaroxaban with

other CYP3A4-inductors.

In these circumstances, it may be prudent to use either

low molecular weight heparins or vitamin K antagonists

with careful INR monitoring, instead of  rivaroxaban

Plasma Concentration of  Rivaroxaban



Possible Indications for Monitoring

 Elderly

 Under weight  (< 50kg)

 Renal failure

 Interaction with drugs 

(e.g. p-gp or CYP3A4 inducers)

 Concomitant anti-platelet therapy

 Any coagulopathy 

(e.g. thrombocytopenia, vWD)

 Non-adherence/ treatment failure

Eikenbloom JW. et al. Circulation 2011;123(21):2363-72
Stangier J, Clin Pharmacokinet. 2010;49(4):259-68



Siegal D. et al. Blood 2014;123;1152-1158 

Coagulation Tests That May Be Useful

In a Patient on DOAC

Anti FXa activity
Hemoclot

assay

Ecarin

clotting 

time

TTaPTTPTDOAC
chromogenic

Clot 

based

------↑*↑↑↑ ↑  or ↔Dabigatran

↑*↑---------↑  or ↔↑  or ↔Rivaroxaban

↑*↑*---------↑  or ↔↑  or ↔apixaban

* Preferred test  ↑ increase   ↔ no change --- not applicable 

The relationship between test results and bleeding risk is currently unknown



Reilly PA. et al.  J Am Coll Cardiol. 2013;63(4):321-8

The effect of Plasma Concentration on the 

Efficacy & Safety of Dabigatran

Probability of  major bleeding event and ischemic stroke/SEE

versus trough plasma concentration of  dabigatran

Calculated for a 72yo male with AF, prior stroke and DM

Median concentrations:

10th & 90th percentiles

Probability of  

clinical 

outcomes

vs. dabigatran

plasma 

concentrations



Reilly PA. et al.  J Am Coll Cardiol. 2013;63(4):321-8

The effect of Plasma Concentration

on the Efficacy & Safety of Dabigatran cont.

Concentrations of  dabigatran increased with age

Patients older than 75y: trough concentration increase: 68%

Renal function highly correlate with age

Female gender: 30% concentration increase

Major bleeding risk increased with (Multiple logistic regression)

◘ Dabigatran exposure ( p < 0.0001)

◘ Age ( p < 0.0001)

◘ Concomitant ASA use ( p < 0.0003)

◘ Diabetes (p = 0.018)



Atrial fibrillationOrthopedic surgery

2.5mg BID5mg BID2.5mg BID

troughpeaktroughpeaktroughpeak
Steady-

state

1.181.841.542.250.841.3IU/ml

0.51-2.421.02-3.290.61-3.431.36-4.790.37-1.80.67-2.4

5th/95th

percentile

IU/ml

ng/mLAnti FXa

0.00.0

51.50.28

160.31.31

363.12.34

527.73.77

Apixaban: Anti Fxa assay

Manufacture’s data



Tsakiris DA. Semin Haematol 2014;51(2);98-101

Effect of NOACs on Various Coagulation Tests



Tran H. et al. Internal Med J 2014; 44;525-536

Evaluating a Patient  on  DOAC Presents 

with a Major Bleeding or Requires Urgent Surgery

Characteristics of  patient:
◘ Age

◘ Co-morbidities

◘ Kidney function

Anticoagulant status:
◘ Which NOAC

◘ When was the last dose administered

◘ Other drugs taken

(drug-drug interaction)

Routine Laboratory workout

(CBC, SMAC)

Hemostatic laboratory

Consider reversal



Monitoring Anticoagulant Effect

in Urgent Situations 

 Before elective surgery

 Emergency  surgery/trauma

 Active bleeding

 Suspected drug overdose 

(accidental/deliberate)

Schulman S. Crowther MA 
Blood 2012;119;3016-3023



FXa InhibitorsDabigatranReversal agent

Reversal of  coagulation tests in vivo 

No effect on bleeding in an animal model

case reports

Prevented hematoma expansion in

an animal model

No effect on lab tests in volunteers*

PCC

Reduced anticoagulant effect in animal 

model
Case reports

aPCC (FEIBA)
In vitro: corrects some clot-based coagulation tests, thromboelastometry parameters, and 

thrombin generation  indices

Partial reversal of  clot test  in vitro

Favorable effect on lab in vivo
Ineffective in vivo & in vitrorFVIIa

No published dataEffective (practical??)
Hemodialysis/

hemoperfusion

For apixaban: up to 3h (entero-enteric 

recirculation)
Potentially effective 1-2h after ingestion

Active charcoal 

/gastric lavage

Reversal of  Anticoagulant Effect

Bauer, KA Am J Hematol, 2012. 87 Suppl 1: p. S119-26
Kaatz S, Crowther M.  J Thromb Thrombolysis. May2013 [Epub ahead of  print]

FFP not recommended based on the large volume needed to overcome the effect of  NOACs

Price: Octaplex : 500u= 2200 NIS . 50u/kg for 70 kg= 3500u = 15400 NIS

rVIIa : 1mg= 3500 NIS , 90mcg/kg for 70 kg =6300mcg = 21000 NIS



Effect Of  PCC on Rivaroxaban Reversal 
in Healthy Volunteers 

Eerenberg ES et al Circulation 2011; 124(14); 1573-9

Effect of  rivaroxaban followed by PCC or 

placebo on PT.  PT normalized

Effect of  rivaroxaban followed by

PCC or placebo on endogenous thrombin 

potential (ETP).    ETP normalized

12 healthy volunteers received 20mgX2/d rivaroxaban

Followed by PCC 50u/kg (n=6) or placebo (n=6)

Anti Xa or 

rivaroxaban

plasma levels 

were not 

measured.

Clinical 

relevance 

undetermined  



Effect of  PCC on Dabigatran Reversal 
in Healthy Volunteers 

Eerenberg ES et al Circulation 2011; 124(14); 1573-9

Effect of  dabigatran followed by PCC or 

placebo on aPTT. No effect

Effect of  dabigatran followed by PCC 

or placebo on Thrombin Time. No effect

12 healthy volunteers received 150mgX2/d dabigatran

Followed by PCC 50 U/kg (n=6) or placebo (n=6) 

No effect on 

PTT, TT, ECT 



Siegal D. et al. Blood 2014;123;1152-1158 

Suggested Strategy for Management

of  NOAC-associated Bleeding

In case of  an urgent  surgery:

A delay of  24h (if  possible) in 

a patient with normal renal 

function will allow

a drop of  75% in the plasma 

concentration of  dabigatran  

No clinical 

evidence 

Cochrane review 2011: 

no increase of  perioperative thrombosis   



Tran H. et al. Internal Med J 2014; 44;525-536

Suggested Management of  Patients 

Receiving NOAC Requiring Urgent Surgery





Dabigatran: Idarucizumab (aDabi-Fab)
Boehringer-Ingelhein

 Specific high affinity binding to  dabigatran
(x350)

 No homology of  antidote to other endogenous 
receptors/ligands

 No effect  on coagulation tests or platelet 
aggreggation

 aDabi-Fab is not active in the absence of  
dabigatran

 Fab has shorter half  life than full mAb (hrs vs 
days for a full mAb)

 Phase I: 

▫ immediate, complete, and sustained reversal of 
dabigatran-induced anticoagulation in healthy 
humans. 

▫ Immediate action , TT reversed after 5 min 

▫ Reversal of the anticoagulation effect was complete 
and sustained in 7 /9 subjects who received the 2g 
dose and in 8/8 subjects who received the 4g dose

▫ Phase III  started on May 2014  ( until July 2017)

Schiele F. Et al  Blood 2013;121(18);3554-3562



Recombinant Fxa Inhibitor: 

Andexanet a (PRT064445, Portola)

Lu G. et al Nature Med 2013;19(4);446-453
Siegal D. et al. Blood 2014;123;1152-1158 

 A recombinant protein, catalytically inactive, 

“molecular decoy”
 Binds direct Fxa inhibitors and also AT  dependent 

inhibitors  (LMWH, Fondaparinux)
 dose-dependently reversed Fxa inhibition, corrected 

abnormal clot based coagulation tests in vitro
 Restored hemostasis in an animal model of bleeding
 Phase II study: 

◘ AnXa is able to dose-dependently partially reverse 
the anticoagulant effects of rivaroxaban

20% (210mg) , 53% (420mg)
immediately after infusion
After 2h= placebo 

◘ Double-blind placebo controlled trial, bolus dose 
antagonized anti Xa activity of apixaban in healthy 
volunteers

 Planned phase III studies: 
randomized, double-blind, placebo-controlled 
studies, designed to evaluate the safety and 
efficacy of andexanet alfa in reversing rivaroxaban, 
apixaban, edoxaban-induced anticoagulation 

Mitigation of  blood loss caused by 

rivaroxaban-induced anticoagulation in a 

rabbit liver laceration model

Rivaroxaban 20 mg for 6 days 

IV infusion of  AnXa, 3 h after last dose  



Siegal D. et al. Blood 2014;123;1152-1158 

Suggested Strategy for Management

of  DOAC-associated Bleeding



 The new anticoagulants seem to be very promising:

they are convenient, and at least as effective as the old anticoagulants

in a wide range of  clinical settings

 The bleeding risk profile,  including major and intracranial bleeding 

is favorable, compared to warfarin

 The relatively short half-life, rapid onset of  action, and predictable 

pharmacokinetics simplify periprocedural use

Summary and Conclusions: 



 Special attention should be given when using these drugs in particular with:

◘ Renal insufficiency

◘ Additional antithrombotic therapy

◘ Questionable compliance

◘ Patients of  child bearing potential 

◘ High risk of  gastrointestinal bleeding

 Disadvantages:

◘ Lack of  standardized laboratory tools for monitoring 

◘ The lack of  evidence of  a clear benefit from the available

reversal  agents suggests that their risks and benefits must

be weighed before use for this purpose

◘ Cost

◘ C/I in pregnancy, mechanical heart valves,

◘ No data concerning  HIT, APLA, cancer related thrombosis

Summary and Conclusions cont.


