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1-2% of the UK population are anticoagulated

AF 70%
VTE 25%
Other 5%

The extent of the problem
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AGE DISTRIBUTION OF PATIENTS ON WARFARIN

8% of individuals 
>80 years of age are 
anticoagulated



CHA2DS2VASc stroke risk score

Score 2 or above
Offer anticoagulation

Score 1 or above  in a male
Consider anticoagulation



Warfarin and its challenging 
therapeutic window 

ACC/AHA/ESC guidelines: Fuster V et al. Circulation 2006;114:e257 e354.
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Problems with warfarin

Narrow therapeutic window
Variable dosing:- Inter- and intra-individual
Unpredictable response therefore requires monitoring:-
inconvenience, cost
Slow onset; slow offset
Numerous interactions with other medications
Anticoagulant response altered by diet and alcohol



For patients taking warfarin, assess anticoagulation control 
every visit

Offer an alternative anticoagulant if;
TTR <65%
INR >8; INR >5 x 2
INR <1.5 x 2

Informed discussion with patient about risks/advantages of 
DOAC cf. warfarin



Evolution of Anticoagulant Therapy 

1960 1970 19801940 20101950 1990 2000

1940s
Unfractionated Heparin 

1954
Warfarin

1993
Low Molecular

Weight Heparins

1998
IV Direct Thrombin Inhibitor

2001
synthetic Xa inhibitor

2003
Ximelagatran

withrawn

2008
Dabigatran

2009
Rivaroxaban

NOACs

~50 years



Characteristics of the ideal anticoagulant

Effective
Oral administration
Rapid onset and offset of action
Wide therapeutic window
Predictable response
- fixed/weight-adjusted dose
- well defined pharmacokinetics in renal or hepatic 

impairment
- no monitoring required

No food or drug interactions
Cheap
Effective antidote available
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Targets of Direct Anticoagulant Agents

TF=tissue factor
Adapted from Weitz JI et al. J Thromb Haemost. 2005;3:1843-1853.

FibrinFibrinogen

TFPI (tifacogin)

Indirect Xa inhibitors
Fondaparinux
Idraparinux
SSR-126517

Xa Inhibitors:
Rivaroxaban
Apixaban
Edoxaban
LY517717
YM150
PRT-054021

IIa Inhibitors
Ximelagatran
Dabigatran

ORAL PARENTERAL

Direct Xa Inhibitors
DX-9065a
Otamixaban

Xa

IIa

TF/VIIa

X IX

IXa
VIIIa

Va

II
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APC (drotrecogin alfa)
sTM (ART-123)

TTP889
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Predictable dose-response relationship
No monitoring required

Few drug interactions





Dose reduction in renal impairment

Normal renal 
function/mild 
renal 
impairment

Moderate renal 
impairment 
(CrCl 30-
50ml/min)

Severe renal 
impairment 
(CrCl 15-
30ml/min)

Hepatic 
impairment

Dabigatran Standard dose Dose Not 
recommended

Standard dose

Rivaroxaban Standard dose Dose Dose Not 
recommended

Apixaban Standard dose Standard dose Dose Use with 
caution



Current licensed indications for DOACs

Stroke 
prevention 
in AF

VTE 
prevention 
(THR/ TKR)

VTE treatment 
(DVT/ PE)

Dabigatran

Rivaroxaban

Apixaban



Characteristics of the ideal anticoagulant

Effective
Oral administration
Rapid onset and offset of action
Wide therapeutic window
Predictable response
- fixed/weight-adjusted dose
- well defined pharmacokinetics in renal or hepatic 

impairment
- no monitoring required

No food or drug interactions
Cheap
Effective antidote available

and no bleeding



Warfarin and its challenging 
therapeutic window 

ACC/AHA/ESC guidelines: Fuster V et al. Circulation 2006;114:e257 e354.
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3.5%/yr major bleed 
0.5%/yr ICH



STROKE 
AND SYSTEMIC 
EMBOLISM

HAEMORRHAGIC 
STROKE

Favours
other 

treatment

Favours
warfarin

DOACs vs warfarin for AF



Dabigatran: Adverse events

* Occurred more commonly on dabigatran p<0.001
1 Connolly SJ et al. N Engl J Med 2009;361:1139 1151.
2 SPC Pradaxa® 110 mg and 150 mg 2011.

Dabigatran
110 mg %

Dabigatran
150 mg %

Warfarin
%

Any bleeding 14.74% 16.56% 18.37%
Dyspepsia* 11.8 11.3 5.8
Dyspnoea 9.3 9.5 9.7
Dizziness 8.1 8.3 9.4
Peripheral oedema 7.9 7.9 7.8
Fatigue 6.6 6.6 6.2
Cough 5.7 5.7 6.0
Chest pain 5.2 6.2 5.9
Arthralgia 4.5 5.5 5.7
Back pain 5.3 5.2 5.6
Nasopharyngitis 5.6 5.4 5.6
Diarrhoea 6.3 6.5 5.7
Atrial fibrillation 5.5 5.9 5.8
Urinary tract infection 4.5 4.8 5.6
Upper respiratory tract infection 4.8 4.7 5.2



GI Bleeding

ICH

1.25 (1.01 - 1.55)

0.48 (0.39 - 0.59)

Risk Ratio (95% CI)

p=0.043

p<0.0001

Favours NOAC Favours Warfarin

0.2 0.5 1 2

DOACs vs warfarin for AF:
Intracranial and GI Bleeding

Dentali F et al Circulation. 2012;126:2381-2391.



AMPLIFY

EINSTEIN-DVT

Combined

Favours NOAC Favours Warfarin

Risk Ratio (95% CI)

0.39 (0.16 - 0.93)

0.75 (0.17 3.33)

1.79 (0.60 5.33)

0.68 (0.36 1.30)

0.1 1 6

DOACs vs warfarin for VTE: GI Bleeding

N=

RE-COVER
[Dabigatran 150 mg bd]

[Rivaroxaban 20mg od]

[Apixaban 5mg bd]

EINSTEIN-PE
[Rivaroxaban 20mg od]

0.56 (0.25 1.27)

J Thromb Haemost 2014; 12: 320 8.





MHRA:
December 2011

FDA:
July 2011



Characteristics of the ideal anticoagulant

Effective
Oral administration
Rapid onset and offset of action
Wide therapeutic window
Predictable response
- fixed/weight-adjusted dose
- well defined pharmacokinetics in renal or hepatic 

impairment
- no monitoring required

No food or drug interactions
Cheap
Effective antidote available



Options for warfarin reversal

Rapid 10 mins PCC

Fast (Partial) 1-2 hrs FFP

Prompt 4-6 hrs IV vitamin K

Slow 24 hrs Oral vitamin K

Ultra-slow 2-4 days Omit warfarin
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Rapid 10 mins PCC

Fast (Partial) 1-2 hrs FFP
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Ultra-slow 2-4 days Omit warfarin



Anticoagulant-associated ICH: Is reversibility 
important?





Features of anticoagulant-associated ICH

Rapid deterioration with first 24-48 hours, increasing ICH 
volume
Poor outcome associated with:

ICH volume
Intraventricular extension of bleeding

Majority of warfarin-related ICH occurs with INR 2-3.5
Rapid reversal of anticoagulant effect essential:

To prevent haematoma expansion
To facilitate appropriate surgical intervention

Sjoblom et al. Stroke (2001), 32, 2567-2574
Management and prognostic features of ICH during 
anticoagulant therapy: A Swedish Multicenter Study



Reversibility of the DOACs using bypassing 
agents



Reversal of rivaroxaban and dabigatran by 
prothrombin complex concentrate

A randomized, double-blind, placebo-controlled, 
crossover trial with healthy male subjects (n=12)

Eerenberg et al. Circulation 2011

Rivaroxaban
20 mg BID

(n=6)

Dabigatran
150 mg BID

(n=6)

Rivaroxaban
20 mg BID

(n=6)

Dabigatran
150 mg BID

(n=6)

PCC or
placebo

PCC or
placebo

2½days Wash out period
(11 days)

2½days



Reversal of rivaroxaban monitored by PT
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Reversal of dabigatran monitored by aPTT
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Randomized, crossover, ex vivo study in healthy male volunteers (n=10)

Blood samples collected immediately before and 2 h after one dose of oral 
anticoagulant

Marlu R et al. Thromb Haemost 2012;108:217 24

Rivaroxaban 
20 mg (n=5)

Dabigatran
150 mg (n=5)

Washout period 
(15 days)

Rivaroxaban 
20 mg (n=5)

Dabigatran
150 mg (n=5)

Reversal of dabigatran and rivaroxaban 
activity by coagulation factor concentrates

Haemostatic agents tested ex vivo: 
PCC (Kanokad: 0.25, 0.5, and 1 U/mL), 
rFVIIa (NovoSeven: 0.5, 1.5, and 3 µg/mL), 
Activated PCC (FEIBA: 0.25, 0.5, 1, and 2 U/mL) 



PRT064445: recombinant FXa variant

Two modifications introduced to human fXa
Removal of the Gla-domain
Mutation at the active site (S419A)

PRT064445 (r-Antidote)
No pro- or anti-coagulant activity
Retains binding ability for FXa inhibitors

Gla EGF1,2
S419

S S

FXa

Catalytic domain

Heavy chainLight chain

EGF1,2
S419A

S S

PRT064445 (r-Antidote)



Mechanism for reversal of oral FXa inhibitor
by PRT064445

FXa inhibitor

IIase+

+

Inhibited IIase Thrombin

Prothrombin

PRT064445 FXa inhibitor-PRT064445
complex

Ki

Kd



Andexanet Alfa (PRT064445): Phase 2 rivaroxaban 
induced anticoagulation in healthy subjects

Crowther M. Oral presentation American Society Hematology , New Orleans, Dec 2013
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From mouse monoclonal antibody to
human antibody fragment (Fab)

A. Monoclonal antibodies were 
raised in mice immunised 
with dabigatran hapten 
coupled to carrier proteins

B. Fc portion is removed (Fab)

C. Constant regions are 
replaced with human
amino acids (chimeric)

D. Variable regions of Fab 
humanised Humanised Fab

D.

Mouse 
mAb

A.

1. Fab
2. Fc
3. Heavy chain (blue)
4. Light chain (green)
5. Antigen binding site
6. Hinge regions

Mouse Fab

B.

VH

CH1

VL

CL

Chimeric Fab

C.

Mouse

Human

1

2

3

5
6

Blood -prepublished online March 8, 2013; DOI 10.1182/blood-2012-11-468207

4



Dabigatran antidote

Blood -prepublished online March 8, 2013; DOI 10.1182/blood-2012-11-468207

Light 
chain

Dabigatran

Heavy 
chain



Idarucizumab showed immediate, complete and 
sustained reversal of dabigatran anticoagulation 

DE + placebo
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DE + placebo (n=9)
DE + 1 g idarucizumab  (day 4) (n=9)
DE + 2 g idarucizumab  (day 4) (n=9)
DE + 4 g idarucizumab  (day 4) (n=8)
Normal upper reference limit (n=86)
Mean baseline (n=86)

Normal upper reference limit refers to (mean+2SD) of 86 pre-dose measurements from a total of 51 subjects
Glund S et al. Presented at AHA, Dallas, TX, USA, 16 20  November 2013; Abstract 17765

Dabigatran
Antidote

DE = dabigatran etexilate

Disclaimer: idarucizumab is not currently licensed for use



DOACs: Management of bleeding or urgent surgery 

General measures:
Stop the drug
Document timing of last dose, estimate elimination 
half-life
Check FBC, coagulation screen, creatinine/eGFR, G+S
Correct haemodynamic compromise
Defer surgery if able
Control haemorrhage:

Mechanical compression
Surgical/ radiological intervention



Specific measures:
Dabigatran

Oral activated charcoal if last dose <2 hours previously
Consider haemodialysis/haemofiltration ( 60% removed 
within 2 hours)- guided by normalisation of APTT (although 
caution re rebound increases in Dabigatran concentration)

Rivaroxaban/Apixaban
Oral activated charcoal if last dose <2 hours previously
Haemodialysis/haemofiltration unhelpful- 95% protein 
bound

DOACs: Management of bleeding or urgent surgery 



Pharmacological measures:
Antifibrinolytics- Tranexamic acid, oral/ IV/ topical
PCC: Rivaroxaban/Apixaban, ?not Dabigatran
rFVIIa
aPCC (FEIBA)

DOACs: Management of bleeding or urgent surgery 
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There is no specific antidote for dabigatran general 
measures activated charcoal haemodialysis if rapidly 
deployable In situations with ongoing life-threatening bleeding 
PCC, APCC and rFVIIa should be considered

There is no specific antidote for rivaroxaban general 
measures In situations with ongoing life-threatening bleeding 
PCC, APCC and rFVIIa



Oral Anticoagulant agent-associated bleeding 
(ORANGE) Study

ORANGE s t udy 
Oral anticoagulant agent-associated bleeding events reporting system 

This	hospital	is	participating	in	the	ORANGE	study,	a	multicentre	UK	study	led	by	Barts	
Health	NHS	Trust.	The	study	aims	to	collect	data	on	the	management	and	outcomes	of	
patients	who	develop	major	bleeding	whilst	on	any	of	the	following	oral	anticoagulant	
agents	 	WARFARIN,	DABIGATRAN,	RIVAROXABAN,	APIXABAN,	EDOXABAN	and	
SINTHROME.	The	study	is	ongoing	and	will	run	until	31	December	2016.			

Major	bleeding	is	defined	as	bleeding	which	requires	hospitalisation	AND	results	in	one	of	
the	following:		

a) Death	
b) Transfusion	of	 2	units	of	red	blood	cells	and/or	a	drop	in	Hb	of	 	2g/dL	
c) Transfusion	of	fresh	frozen	plasma	
d) Administration	of	PCC,	rVIIa,	FEIBA	or	Fibrinogen	concentrate	(FgC)	
e) Symptomatic	bleeding	in	a	critical	area	such	as	intracranial,	intraspinal,	intraocular,	

retroperitoneal,	intraarticular,	pericardial,	or	intramuscular	with	compartment	
syndrome.	

Retrospective data 
collection
Case identification
No follow up
No patient consent 
required

tina.biss@nuth.nhs.uk


