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MRI-Compatible Pacemaker 



Magnetic Resonance Imaging 

 Gold standard for soft tissue imaging 

 Neurologic disorders, musculoskeletal 

system, cancer, etc. 

 No exposure to ionizing radiation  

 Contrast material : Less likelihood of 

nephrotoxicity and allergic reaction  



Principles of MRI 



MRI-Related Pacemaker Problems 

 Heating at the lead-tissue interface 

 Force & torque on devices 

 Alteration of programming  

 Potential damage to the pacemaker circuitry  

 Inhibition of pacing output 

 Rapid atrial/ventricular pacing 

 Induction of ventricular fibrillation  



MRI-Related Pacemaker Problems 

 Pacemaker : Relative contraindication to MRI 

 17% of patients with pacemaker should 
require an MRI within 8 years of 
implantation. 

 Incidence of MRI-related pacemaker 
complications : Less than 10%  

 MRI-related mortality in patients with 
pacemaker : 10 deaths in literature 



2007 AHA Scientific Statement 

 Pacemaker : Relative contraindication to MRI 

 Careful evaluation of risk-benefit ratio 

 MRI of pacemaker-dependent patients 

should not be performed.  

AHA Scientific Statement, Circulation, 2007 



Terminology 

MRI-unsafe 
MRI-conditional MRI-safe 

MRI-compatible, MRI-friendly 



Available MRI-Compatible Pacemakers 

Advisa (Medtronic)  Accent (St Jude M) Evia (Biotronik) 

Scan range Full body Full body Brain, lower limbs 

MRI machine 
1.5 T, cylindrical 

bore 
1.5 T, cylindrical 

bore 
1.5 T, cylindrical 

bore 

SAR ≤ 2.0 W/kg ≤ 4.0 W/kg ≤ 2.0 W/kg 

Patient positioning Supine or dorsal Supine or dorsal Dorsal 

Mode  DDDR AAIR, VVIR, DDDR AAIR, VVIR, DDDR 

Lead fixation Active Active Active & passive 

Lead diameter 7 Fr 8 Fr 5.6 Fr, 6.6 Fr 

Approval FDA, CE CE CE 











Special Design of MRI-PM 

 The circuit protection normally applied to the 

power supply 

 The leads, to minimize and attenuate RF 

energy discharge at the tip  

 The firmware to provide MRI-conditional 

protection  

 The change of reed-switch to a Hall sensor 



Cardiologist Checklist before MRI 

 Confirmation of MRI-compatible system 

 Implanted for more than 6 weeks 

 Pectoral region 

 No additional active devices 

 Lead impedance : 200 – 1500 ohms  

 Capture thresholds ≤ 2.0V at 0.4 msec 

 SureScan (or ProMRI) program ON before 
scan and OFF after scan  



Radiologist Checklist before MRI 

 Confirmation of MRI-compatible system 

 1.5 T closed bore MRI 

 Whole body SAR ≤ 2 W/kg 

 Consultation with cardiologists on SureScan 

(or ProMRI) program ON before scan & OFF 

after scan 



Radiopaque Symbol - Advisa 



SureScan ON before MRI 



SureScan ON before MRI 



SureScan ON before MRI 



Patient Monitoring during MRI 

 Visual & verbal contact with the patient 

 BP, ECG & pulse oximetry monitoring 



Unresolved Questions 

 Higher risk of lead failure? 

 Higher risk of lead extraction? 

 3.0 T MRI? 

 Whole body MRI? (especially, cardiac MRI) 

 MRI-compatible ICD? 



LA Appendage Occluder 



Stroke in patients with AF 

 35% of patients with AF have stroke in their lifetime. 

 LA appendage : 90% of thromboembolic  source in 

non-rheumatic AF  

 Warfarin: A cornerstone of stroke prevention 

 However, warfarin is not always tolerable. 

• Narrow therapeutic range 

• Drug/food interaction  

• Requirement of INR monitoring 



Surgical LAA Excision 

(A) Epicardial suture exclusion.  

(B) Endocardial suture exclusion. 

(C) Stapled excision.  



Anatomic Complexity of LAA 

Thin wall 

Multi-lobe 

Angulated 

Oval ostium 



LAA Morphology 

By Courtesy of Dr. Tim Betts 



Transcatheter LAA Occlusion 

Watchman (Boston Scientific) Amplatzer Cardiac Plug (SJM) 



Watchman 



Amplatzer Cardiac Plug 



Transseptal Puncture 

By Courtesy of JW Park 



Landing Zone & Sizing 

 Measure LAA ostium in 4 TEE views:  

   At 0, 45, 90 & 135 degrees 

 8-20% oversizing 



Watchman Implantation 

LAA angiogram Deployment 



Watchman Implantation 

1st Confirmation of placement 2nd Confirmation of placement 



Watchman Implantation 

Detachment Confirmation of sealing by TEE 



ACP Sizing  

Tire shape Square shape Strawberry shape 



Anticoagulation 

 During the procedure 

• Heparin to maintain 200-250 sec of ACT 

• Check ACT every 30 minutes 

 After the procedure 

• Warfarin to maintain 2.0-3.0 of INR for at 

least 45 days 



Complications of LAA Occlusion 

 Pericardial effusion : 5.0% 

 Device-associated thrombus : 4.2% 

 Stroke : 0.9% 

 Bleeding : 0.8% 

 Vascular complications : 0.8% 

 Device embolization : 0.6% 
V Reddy, et al. Circulation, 2011 



Transcatheter Aortic  

Valve Implantation 



Aortic Stenosis 

 AS is the most prevalent valve disease.  

 Prevalence of AS and comorbidities increased 

with age.  

 Mortality of symptomatic severe AS is 50-

60% at 2 years.  



Treatment of Severe AS 

 Surgical AVR : Gold standard  

 However, 33% of patients > 75 years old are 

declined or have high risk  

 for open heart surgery  



Aortic Valve for TAVI 

Edwards Sapien Valve:  

Balloon-expandable 

Medtronic Core Valve : 

Self-expandable 



TAVI Procedure: Core Valve 

 Core valve:  
• Self-expandable 
• Stepwise deployment 
• Partially repositionalble 



TAVI Procedure: Sapien Valve 

 Edwards Sapien valve:  
• Balloon-expandable 
• Transaortic &  
   transapical 



PARTNER Study 

RR Makkar et al. New Engl J Med, 2012 



ESC guidelines, 2012 



Potential Complications of TAVI 

 Bleeding : 22.3% 

 AV block : 13.9% 

 Vascular complications : 11.9% 

 Significant AR : 6.4% 

 Major stroke : 3.2% 

 Cardiac tamponade : 2.6% 

 Valve embolization : 1.9% 

 Coronary obstruction : 0.7% 
P Genereux et al. J Am Coll Cardiol, 2012 



ESC Recommendations on TAVI 

ESC guidelines, 2012 
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