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Indications for electrical and pharmacological cardioversion, and choice 

of antiarrhythmic drugs for pharmacological cardioversion in patients 

with recent-onset AF. 

European Heart Journal (2012) 33, 2719–2747 
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Vernakalant (BRINAVESS®) 

European Heart Journal (2012) 33, 2719–2747 



Vernakalant (BRINAVESS®) 

• Posologie : 3 mg/kg IV sur 10 min. A répéter dans les 15 minutes si nécessaire (2 mg/kg). 

 

• Contre-indications: 

– Hypersensibilité au médicament 

– Sténose aortique sévère, TA< 100 mmHg, insuffisance cardiaque NYHA III et NYHA IV. 

– QT long, bradycardie sévère, dysfonction sinusale BAV 2 et BAV 3 sans pacemaker. 

– Administration d’AAR (classe I et classe III) IV dans les 4 heures précédant l’administration. 

– Syndrome coronarien aigu au cours des 30 jours précédents 

 

• Effets secondaires 

– altération du goût (30%), des éternuements (16%), paresthésie (10%) et des nausées (9%), (résolutifs en 

5-15 minutes). 

– Une hypotension transitoire  (5-7%)  

– Une  bradycardie  

– Arythmies ventriculaires non soutenues (triplets ventriculaires et des salves)   

– Prolongement  intervalle QTc  de 20-25 ms,  élargissement  QRS (8 ms)  

 

 Administré par du personnel médical qualifié, dans des conditions 

de surveillance clinique appropriées pour la cardioversion. 
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Pharmacokinetics and pharmacodynamics of  

Lixiana, Edoxaban® 

• Reversible oral direct factor Xa inhibitor 

• ~62% oral bioavailability 

• Rapid onset of action (within 1–2hrs) 

• ~50% of the absorbed dose is cleared  
renally 

• Plasma elimination half-life:  
10 to 14 hours 

• No or minimal impact of food 

• Substrate of the P-glycoprotein drug transporter 

• CYP metabolism is less than 10% 
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– VKA and NOACS - 



– Guidelines - 



Quel NOAC utiliser….?  

 

         Schulman S. Thrombosis and Haemostasis 2014;111(4):575-582 Deepak L. Bhatt Circulation. 2016;133:1512-1515  

Si altération de la fonction rénale 



Major bleedings occur with all NOACs 

 

   Dabigatran 

RE-LY  

(Connolly, 2009 en 2010) 

Dabigatran  

Following registered 

indication (Lip 2014) 

Apixaban 

ARISTOTLE 

 (Granger 2011) 

Rivaroxaban 

ROCKET-AF 

 (Patel, 2011) 

Intracranial bleeding 

(%/year) 

Warfarine: 0.74 

Dabigatran150 mg: 0.30 

Dabigatran 110 mg: 0.23 

 

Warfarine: 0.77 

Dabigatran: 0.22 

 

 Warfarine : 0.80 

Apixaban : 0.33 

Warfarine: 0.70 

Rivaroxaban: 0.50 

Major bleeding  

(%/year) 

Warfarine: 3.36 

Dabigatran150 mg: 3.11 

Dabigatran 110 mg:  2.71 

Warfarine: 3.55 

Dabigatran: 3.02 

  

Warfarine :3.09 

Apixaban : 2.13 

Warfarine: 3.40 

Rivaroxaban: 3.60 

 

Life-threatening bleeding 

(%/year) 

Warfarine: 1.80 

Dabigatran150 mg: 1.45 

Dabigatran 110 mg:  1.22 

Warfarine: 1.75 

Dabigatran: 1.28 

Warfarine :1.13 

Apixaban : 0.52 

(severe bleeding) 

 

Warfarine: 1.20 

Rivaroxaban: 0.80 

(critical bleeding) 

 



Currently available aspecific treatments  

to revert OAC-induced coagulopathy 

 

 

A specific reversal agent will be the preferred option to restore coagulation in NOAC-

treated patients when rapid reversal is required 

• Only for VKA-treated patients, not NOACs 

• Restores physiological clotting factor synthesis via 

a slow and complex process with clinically 

significant variability between patients1 

• INR corrects more quickly than coagulopathy 

[see Supplementary Material for further information] 

Vitamin K 

• Repletion of coagulation factors in the blood 

• Used for managing severe bleeding in VKA- and 

NOAC-treated patients* 

• Not registered to prevent bleeding in emergency 

surgery/urgent procedure 

• PCC, rFVIIa: prothrombotic risk 

FFP: risk of fluid overload 

3- and 4-Factor 

PCC, FFP, rFVIIa  

*Not approved for NOAC-treated patients, but listed in EU NOAC labels and in guidelines/expert statements as treatment 

option in cases of severe haemorrhage with NOAC; FFP, fresh frozen plasma; INR, international normalized ratio;  

PCC, prothrombin complex concentrate; rFVIIa, recombinant Factor VIIa; VKA, Vitamin K antagonist  

1. Hanley et al. J Clin Pathol 2004;57:1132–39 



What are the desirable characteristics of  

a reversal agent? 

 

 

An ideal 

reversal 

agent 

would… 

be easy 

to use 

have no 

procoagulant 

effects 
have 

predictable 

effects 

provide 

a sustained 

effect 

provide 

complete 

reversal 

act 

immediately specifically 

target only 

the NOAC 
Emergency surgery 

or urgent intervention 

Life-threatening or  
uncontrolled bleeding 



Idarucizumab is a humanized monoclonal antibody fragment 

developed and produced by BI  

van Ryn J. AHA 2012; presentation 9928 

A monoclonal mouse antibody was 

developed with high  

dabigatran binding affinity 

Idarucizumab is the humanized Fab 

fragment expressed directly in hamster 

cells and produced in-house by BI 

Fc region removed 
• This is a structural 

element and interacts 

with the immune system 

• Non-specific binding is 

avoided by removal of the 

Fc region 

Fab region 
• This is the part of 

the antibody that 

binds to dabigatran  



Dabigatran levels were reduced immediately after 

idarucizumab administration 

 

 

*A level that produces little or no anticoagulant effect. Pollack et al. N Engl J Med 2015 

Group B: emergency procedures 

(n = 39) 
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Idarucizumab  

2x 2.5 g 
Idarucizumab  

2x 2.5 g 

Group A: uncontrolled bleeding 
(n = 51) 

Dabigatran levels were <20 ng/mL* in 89/90 patients after infusion  

of first vial, in 77/83 at 12 hours and 62/78 patients at 24 hours 

1 h 2 h 4 h 12 h 24 h Baseline Between 

vials 

10–30 

min 

Time post-idarucizumab 

1 h 2 h 4 h 12 h 24 h Baseline Between 

vials 

10–30 

min 

Time post-idarucizumab 



Andexanet Alfa for Acute Major Bleeding 

Associated with Factor Xa Inhibitors 

 

 

After the bolus administration, the median anti– factor Xa activity decreased by 89% 

(95% confidence interval [CI], 58 to 94) from baseline among patients receiving 

rivaroxaban and by 93% (95% CI, 87 to 94) among patients receiving apixaban. 

Annexa-4 study NEJM 2016 august, 30 

• Multicenter, prospective, open-

label, single-group study. 

• 67 patients 

• Acute major bleeding within 18 

hours after the administration of a 

factor Xa inhibitor 

• bolus of andexanet followed by a 

2-hour infusion of the drug 

• Gastrointestinal or intracranial 

bleeding. 



Andexanet Alfa for Acute Major Bleeding 

Associated with Factor Xa Inhibitors 

 

 

Thrombotic Events or Death during the 30-Day Study Period. 

Annexa-4 study NEJM 2016 

Thrombotic events occurred in 12 of 67 patients (18%) during the 30-day follow-up 
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Castle LW, Cook S: Pacemaker radiography. In Ellenbogen KA, Kay GN, Wilkoff BL [eds]:  

Clinical Cardiac Pacing. Philadelphia, WB Saunders, 1995, p 538. 

Connector 

Electronic  

Circuits  

Battery 

Human Pacemaker history… 

> 650 000 PCMK/years 
Lead 



 1952 

First human external pacemaker  

PM-65 by Paul Zoll allowed the patient to 

ambulate (1955) 

Paul Zoll (1911-1999) 



 1958 

First human with fully implanted pacemaker 

Born May 26, 1915 and died December 28, 

2001 in Stockholm, at age 86 years. Arne 

Larsson benefit from 26 different pacemakers 

over 43 years of his life 

Arne Larsson  



Human Pacemaker history… 

First implanted  

Elmqvist’s pacemaker 

Weight: 73,4 gr 

Size: 35 cc 

Activitrax  

Medtronic 

First rate response 

1984 

Full automaticity 

MRI safe 

Weight: 20 gr 

Size: 12 cc 

 
2010 1958 

• Heavy surgery 

• Abdominal can, epicardial leads 

• Non programmable 

• Indication: BAV III, surgery  

• Longevity : Weeks 

 

• Local anesthesia 

• Venous acces 

• Fully programmable 

• Full automaticity 

• AAI safe R algorythm 

• Guidelines 

• MRI safe 

• Longevity : > 7 Y 

1960 

First implantable 

Pacemaker 

Chardck – Greatbach 

 

 

 

Leadless  

Pacemaker 

Weight: 2 gr 

Size: 0,8 cc 

 
2013 1995 

Thera™ 

First  

mode switching  

http://www.medtronic.com/brady/


  

MRI and pacemaker 

Head (Brain) 

38y-old man with a history of long-standing focal seizures  

Arteriovascular malformation in the brain parenchyma with 

dilated vessels 

Lumbar spine 

75y-old woman with lower back and bilateral leg pain 

Multiple disc herniations in the lumbar spine at 

segments L3-4, L4-5 and L5-S1 

Yet 50-75% of cardiac device patients will be indicated for a MRI scan over the 

lifetime of their device* 

 MRI is gold standard for soft tissue imaging 

 * Kalin R, Stanton MS, Current clinical issues for MRI scanning of pacemaker and defibrillator patients, Pacing Clin Electrophysiol, Apr 2005, 28(4): 326–8. 



MR conditional by design 

 Strict reduction of ferromagnetic components 

 Special protection circuits in the ICD hardware 

 Dedicated device program settings during MR examination 

 MR-optimized component arrangements and material combinations 



eye-level 

Excursion: ProMRI® scanning capabilities  

ProMRI® scan conditions 

Pacemaker implanted > 2 months 

Control regularly 

Check  before and after MRI 

Pacemaker AND leads proMRI 

 

1.5 3  Tesla MR 

 SAR ≤ 2.0 W/kg 

(Head ≤ 3,2 W/kg) 

Permissible isocenter  

  positioning zone (1) 

 

 

hip-level 

(1) 

(1) 

Field of view 

50cm 

Field of view 

50cm 

Assumed patient size 175cm 



 

Complications after cardiac implantable 

electronic device implantations 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJPZn6m148gCFYtYFAod4pEKZQ&url=http://www.topclosure.com/clinicalCases.aspx&psig=AFQjCNHO_ATntuwqFZowAcA-z--FICh4Kw&ust=1446061508611826
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIG21cC148gCFUW6FAodtfgCsw&url=http://tjdogma.com/a-red-pacemaker/&psig=AFQjCNHO_ATntuwqFZowAcA-z--FICh4Kw&ust=1446061508611826


Complications after cardiac implantable 

electronic device implantations 

European Heart Journal (2014) 35, 1186–1194 



Human Pacemaker history… 

First implanted  

Elmqvist’s pacemaker 

Weight: 73,4 gr 

Size: 35 cc 

Activitrax  

Medtronic 

First rate response 

1984 

Full automaticity 

MRI safe 

Weight: 20 gr 

Size: 12 cc 

 
2010 1958 1960 

First implantable 

Pacemaker 

Chardck – Greatbach 

 

 

 

Leadless  

Pacemaker 

Weight: 2 gr 

Size: 0,8 cc 

 
2013 1995 

Thera™ 

First  

mode switching  

J A C C , 2 0 1 5; 65: 1 5 0 5 – 8 

http://www.medtronic.com/brady/


Spickler, J. W., N. S. Rasor, et al. (1970). "Totally self-contained intracardiac pacemaker." J Electrocardiol 3(3-4): 325-331. 



Europace. 2015;17(10):1508-13 



State of the art of leadless pacing 

Europace. 2015;17(10):1508-13 



Leadless pacemaker 
Implants rate success  Feasibility – safety Complication rate  

 

N Engl J Med 2015; 373:1125-1135 



Leadless pacemaker 
Implants rate success  Feasibility – safety Complication rate  

 

N Engl J Med 2015; 373:1125-1135 



Are Leadless Pacemakers  

a Niche or the Future of Device Therapy? 

Potential advantages 

• Less Invasive 

– No surgery 

– Fewer complication 

– Less radiation exposure 

– More cosmetic (« invisible) 

• Improved Efficiency 

– No surgery, less infection risk 

– Femoral venous access 

– No system connections 

– More readily MRI conditional (no 

antenna) 

• More Cost-Effective 

– Reduced lengt of hospital day (one 

day) 

– Fewer acute and chronic complication 

Potential disadvantages 

• Multiple chamber pacing more complex 

– Wireless communication 

– Memory capacity 

• Implants risk 

– Large diameter sheaths 

– Embolization/retrieval 

– Repositioning difficulty for high 

threshold 

– Epicardial access issues 

• Removal/replacement 

– Longevity limitations 

– Abandon vs explant ? 



Castle LW, Cook S: Pacemaker radiography.  

In Ellenbogen KA, Kay GN, Wilkoff BL [eds]:  

Clinical Cardiac Pacing. Philadelphia, WB Saunders, 1995, p 538. 

Human DAI history… 

> 2400 DAI en Belgique/an 



Human intracardiac defibrillator history… 

CPI Ventak 
1555 

 
246g / 145cc 

   
H x W x D:  

 10.1x 7.6 x 2.0cm 
 

Cadet™ ICD 
Model V-105 
129g / 73cc 

1995 

Photon™ V-199 
85g / 40cc 

2001 

1er modèle DR 

Current™ 
74g / 38cc 

2008 2002 

Atlas™ 
76g / 34cc  

1er modèle HF 

1985 

• Heavy surgery 
• Abdominal can, epicardial patch 
• Non programmable 
• Max energy Shock only 
• FV only based on frequency 
• Criteria > 2 reanimated SCD!  
• Longevity : 1 ½ Y 

 

• Local anesthesia 
• Venous acces 
• Fully programmable 
• ATP and shock 
• Detection algorythm 
• Primary prevention 
• Longévité : 5 – 7 Y 



Subcutaneous-ICD system 

• Potentiel advantages 

– Venous system 

– Timing, faster procedure 

– less complication 

 

Transvenous ICDs The S-ICD System 

• Potentiel disavantages 

– Size 

– No pacing 

– No ATP 

– Pocket pacing 

 



  

Futuristic Implantable Device for 

Cardiac Rhythm Management 

Trends Cardiovasc Med. 2015;25:661-73 
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Recommendations for catheter ablation of 

atrial fibrillation and atrial fibrillation surgery 

2016 ESC Guidelines for the management of atrial Fibrillation; EHJ August 2016 



Evolution naturelle de la FA 

Veines 

pulmonaires 

(Trigger) 

Ré-entrée 

fonctionelle 

(No trigger) 

Ré-entrée 

structurelle 

(Fibrose) 

Probabilité succès ablation 

75% 50% 20% 



Ablation of Atrial Fibrillation 

From Haïssaguerre (1998) … 
Paroxysmal atrial fibrillation 



FA: ablation par isolation des veines pulmonaires 

• Taux de succès: 
– FA paroxystique: 70 - 80 %  

• NB: 2 procédures chez 20 à 25 % des patients 

– FA permanente: 50 - 70 % de r. sinusal à 2 ans 

 

• Taux complication: 1- 2 % 
– AIT/AVC, tamponnade 

RFC Ablation                                                                Cryoballoon Ablation  



Fire and Ice study 

Modified ITT analysis 

 HR [95% CI] = 0.96 [0.76-1.22]; p = 0.0004 

 Non-inferiority hypothesis met 

 Superiority test: p = 0.74 

Kuck K et al. N Engl J Med. 2016 Apr 4 



Fire and Ice study 

Kuck K et al. N Engl J Med. 2016 Apr 4 

Event (N, %) RFC (n=376) Cryoballoon (n=374) 

Groin Site Complication* 16 (4.3%) 7 (1.9%) 

Atrial Flutter/Atrial Tachycardia** 10 (2.7%) 3 (0.8%) 

Phrenic Nerve Injury unresolved at discharge  0   10 (2.7%)*** 

   Unresolved at 3 months 0 2 (0.5%) 

   Unresolved at > 12 months 0 1 (0.3%) 

Cardiac Tamponade/Pericardial Effusion 5 (1.3%) 1 (0.3%) 

Stroke/TIA 2 (0.5%) 2 (0.5%) 

Atrial Septal Defect 1 (0.3%) 0 

Esophageal Ulcer 0 1 (0.3%) 

Pericarditis 0 1 (0.3%) 

Atrioesophageal Fistula 0 0 

Pulmonary Vein Stenosis 0 0 



L’ablation de la FA: évolution technologique 

Cartographie electro-anatomique 
Cathéter contact force 
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Merci ! 


