
PhD Sergio Agosti
Responsabile UTIC
SOC Cardiologia 
Ospedale Novi Ligure

Reversible 
anticoagulation. 

A new therapeutic 
standard in 

thromboembolism 
prevention 



Anticoagulants

•Warfarin: 1960
•Dabigatran (Pradaxa): june 2013
•Rivaroxaban (Xarelto): august 2013
•Apixaban (Eliquis): january 2014
•Edoxaban (Lixiana): september 2015



All anticoagulants can 
cause bleeding



Bleeding in VKA anticoagulated patients

• Is common 
– Major bleeding 1-5% per year in AF
– Intracranial bleeding 1-1.2% per year in AF

• Associated with adverse outcomes
– 3 to 5-fold increase in thrombotic events and 

death 

• Rapid and timely control of bleeding is likely 
to improve clinical outcomes but the efficacy 
of anticoagulant reversal is unproven



Challenges in bleeding

• Management of bleeding
- Prevention
- Treatment (….antidotes)



Prevention of bleeding

• Anticoagulant selection

• Patient and dose selection 



Prevention of bleeding

• Anticoagulant selection

• Patient and dose selection



MAJOR BLEEDING

Ruff CT, Lancet, December 4, 2013 

NOACs associated with a non significant RRR of 14% 
compared to Warfarin



EFFICACY AD SAFETY
SECONDARY ENDPOINTS

ICH NNT  141

Ruff CT, Lancet, December 4, 2013 



Intracranial hemorrhage risk with the new oral anticoagulants: a systematic review and meta analysis Daniel 
Caldeira et al. J Neurol 2014

Haemorrhagic stroke

60% RRR



"The unthinkable has become 
conceivable”  

David Baltimore



Mackmann, Anesth Analg. 2009 May; 108(5):1447-52
The role of tissue factor and factor VIIa in hemostasis.

Haemorrhagic stroke (TF receptor)



Prevention of bleeding

• Anticoagulant selection

• Patient and dose selection



Modifiable and non-
modifiable risk factors
for bleeding in 
anticoagulated patients 
based on
bleeding risk scores

ESC Guidelines 2016



EHRA Guidelines (2015)
NOACs and their dosing in CKD



Challenges in bleeding

• Management of bleeding
- Prevention
- Treatment (….antidotes)



2016 ESC Guidelines for the management of atrial
fibrillation developed in collaboration with EACTS



Adapted from Schiele F et al. Blood 2013; Stangier J et al. ISTH 2015, OR320

Idarucizumab was designed as a specific reversal agent 
for the anticoagulant activity of dabigatran

Dabigatran

Idarucizumab

Humanized Fab fragment

Binding affinity for dabigatran ~350× higher 
than dabigatran to thrombin

No intrinsic procoagulant or anticoagulant 
activity

IV administration,
immediate onset of action

Short half-life 



Dabigatran distribution following 
administration of dabigatran etexilate

Unbound
dabigatran 

Dabigatran bound
to plasma proteinsDabigatran inhibiting

thrombin

Blood compartment

Other compartments

Unbound
dabigatran 

Dabigatran unspecifically 
bound in tissues

Thrombin

Dabigatran molecule

Glund S et al. Thromb Haemost 2015;19;113(5); 
Glund S et al.SH 2014; abstr 344; 
Schiele F et al. Blood 2013;121:3554–62;



Administration of the antidote

Blood compartment

Other compartments

Antidote

Thrombin

Dabigatran molecule

Glund S et al. Thromb Haemost 2015;19;113(5); 
Glund S et al.SH 2014; abstr 344; 
Schiele F et al. Blood 2013;121:3554–62;



New equilibrium established

X Blood compartment

Other compartments

Antidote

Thrombin

Dabigatran molecule

Glund S et al. Thromb Haemost 2015;19;113(5); 
Glund S et al.SH 2014; abstr 344; 
Schiele F et al. Blood 2013;121:3554–62;



Unbound idarucizumab and the idarucizumab–
dabigatran complex are renally eliminated

Blood compartment

Idarucizumab

Dabigatran molecule

Urine

Idarucizumab degradation 
products

The idarucizumab–dabigatran 
complex is very stable, i.e. the binding 
of dabigatran is essentially irreversible 

(half-life of the molecular complex 
~260 hours)

Bound and unbound idarucizumab 
is eliminated by the kidney (partly 

catabolized) and is also 
catabolized to amino acids and 
reabsorbed; 90% of the dose is 

eliminated within 5 hours

Idarucizumab is eliminated renally
Renal impairment did not impact the reversal effect of idarucizumab

Kidney

Glund S et al. Thromb Haemost 2015;19;113(5); 
Glund S et al.SH 2014; abstr 344; 
Schiele F et al. Blood 2013;121:3554–62;



RE-VERSE AD™ is a multicentre, open-label, single-arm Phase III trial

Pollack et al. Thromb Haemost 2015 

Group A: Uncontrolled 
bleeding + dabigatran-
treated 

Group B: Emergency 
surgery or procedure* 
+ dabigatran-treated

N=500 

0–15 minutes 90 days’ follow-up

0–24 hours

2x2.5 g idarucizumab

Hospital 
arrival

2x2.5 g idarucizumab 

Pre-2nd dose 2 h 4 h 12 h 24 h 30 d 90 dPre-1st 
dose

1 h
Blood 

samples~20 min

Efficacy Endpoint
•Maximum reversal of dabigatran’s activity, based on 
central laboratory measurements of dTT or ECT from 
end of first infusion up to 4 hours after completion of 
last infusion



• Pollack et al. Presented at ISTH 2015; Pollack et al. N Engl J Med 2015

RE-VERSE AD™: interim results from the first 90 patients have been 
presented and published 

51 patients 39 patients

Group A: Uncontrolled 
bleeding

Group B: 
Emergency surgery 
or procedure



Pollack CV et al. N Engl J Med 2015

RE-VERSE AD™ interim results (Primary Outcome)
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Group B: Emergency surgery or 
procedure

0 0

dTT was normalized in 98% 
of patients

dTT was normalized in 93% 
of patients

Immediate and 
complete reversal: 

evident even after the 
first vial 

of idarucizumab 

Similar results were also demonstrated with ECT, aPTT



Re-administration of dabigatran 24 hours after 
idarucizumab restores anticoagulation

Time after end of infusion (hrs)
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Idarucizumab effect does not 
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Glund S et al. ASH 2014



Pollack NEJM 2015

All deaths in RE-VERSE AD™ related to the presenting index event 
and comorbidities

18 deaths occurred (nine in each group)
•RE-VERSE AD™ allows even severely ill patients into the study

Age/
Gender

Treatment
Group SAE that led to death Days from 

treatment to Death Index event

82/F B Cardiac arrest <1 Malignant pericardial tamponade

93/M B Circulatory collapse <1 Acute mesenteric ischemia

88/F B Hemodynamic collapse <1 Acute mesenteric ischemia

87/F B Septic shock 1 Peritonitis

60/M B Sepsis and shock, GI bleed 1 Acute renal failure (NSAID induced)

60 /M A Respiratory failure progression 1 GI bleed

77/M A Intracranial hemorrhage new 1 Aortic root dissection Type A

69/M A Intracranial hemorrhage 
progression 2 Intracranial hemorrhage

87/M B Multi-organ failure 2 Acute renal failure

69/M A Intracranial hemorrhage 
regression 4 Intracranial hemorrhage

83/F A Pulmonary edema 11 Intracranial hemorrhage

78/F B Cardiac arrest 21 Acute renal failure and sepsis

72/F B Ischemic stroke 26 Infected left knee joint

73 /M A Congestive heart  failure 30 GI bleed

80/M A Parkinson’s disease 43 GI bleed

83/M A General health deterioration 42 Intracranial hemorrhage

86/F A Pneumonia 94 Intracranial hemorrhage

80/M B Progression of malignancy 101 Scrotal abscess



DVT, deep vein thrombosis; MI, myocardial infarction; PE, pulmonary embolism
Pollack NEJM 2015

Thrombotic events reported in only five patients over a period of 90 
days of follow-up

One early event (DVT + PE) 2 days after idarucizumab 
administration 

Four events 7–26 days after idarucizumab administration
• DVT: 7 days
• DVT + PE + left atrial thrombus: 9 days
• MI: 13 days
• Ischaemic stroke: 26 days 

These events reflect the underlying thromboembolic potential of these 
patients when not on anticoagulation therapy

None of these five patients was receiving any antithrombotic therapy 
when the events occurred



REVERSE-AD conclusions

• Idarucizumab rapidly and completely
reversed the anticoagulant activity of 
dabigatran in 93% to 98% of patients

• There were no safety concerns

• The major limitation is the lack of a control 
group



Specific Antidotes for NOACs

Yoonsun Mo, Felix K. Yam. Pharmacotherapy 2015;35(2):198–207



Connolly SJ et al. NEJM; August 30, 2016



ANNEXA-4 study design

Life-threatening 
bleeding
Haemodynamic 
compromise
Hg drop<2 g/dL
Hb<8 g/Dl
Critical organ

N=270 

2 hours

12 hours

Assess
anti-FXa

Co-primary endpoints:
Change in anti-FXa levels within 2h;

Haemostatic efficacy by 12 hours

Receive
andexanet Assess

haemostasis

45 days

Safety
follow-up

Connolly SJ et al. NEJM; August 30, 2016



Connolly SJ et al. NEJM; August 30, 2016

Anti–Factor Xa Activity and Percent Change from Baseline in Patients 
Receiving Rivaroxaban and Apixaban



http://www.pharmastar.it/index.html?cat=search&id=22160



http://www.pharmastar.it/index.html?cat=search&id=22160



Conclusioni

• Antidoto: novità scientifica e gestionale

• Prescrizione NAO basata sulle caratteristiche 
paziente e farmaco

• Pazienti in triplice o duplice terapia

• Pazienti con HASBLED>4 non modificabile

• Pregressa emorragia maggiore
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