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MRI AND CIEDS: (ILS, PM, CRT, ICD) 
 OPEN ISSUES 

•  MEDICO-LEGAL 

•  TECHNICAL  

•  CLINICAL DATA 



MEDICO-LEGAL ISSUES  

•  NO AVAILABLE CIED IS        “MR SAFE” 

•  CIEDs can be     “MR-UNSAFE   or  MR-CONDITIONAL” 
 
•  “MR unknown” in case of missing informations 





MR-UNSAFE 
 WHAT DOES IT MEAN AND WHICH ARE THE IMPLICATIONS ?  

MR unsafe labeling implies that a certain degree of risk for 
patients has been recognized by manufacturer in case of any 

exposition to MR environment 
 

Physicians will perform MRI at their own responsibility, 
THAT MEANS  they are assuming on themselves the 

responsibilities of manufacturer  

Traditional PMs, not labeled as MR-conditional,  and almost all implanted ICDs 
and CRTDs  fall in this category 



MR CONDITIONAL 
WHAT DOES IT MEAN AND WHICH ARE THE IMPLICATIONS?   

 MRI is allowed AND considered possible by manufacturer 
UNDER SPECIFIC  “CONDITIONS” 

 
 CONDITIONS  and  LIMITATIONS  are all 

dictated by manufacturer 

When / if  ALL THE CONDITIONS are not respected MR 
EXAMINATION becomes OFF-LABEL 

 
This moves all the responsibilities from manufacturer to physicians 



2013: DOCUMENT FACING WITH SAFETY ISSUES OF 
MRI IN CIEDS PATIENTS 



RISK OF COMPLICATIONS WITH UNLABELED DEVICES IS REAL 



WARNING  
 

Modern   and / or Recently Manufactured pacemakers and ICDs 
 MUST NOT BE REGARDED AS MRI CONDITIONAL 



PTS WITH UNLABELED DEVICE SHOULD UNDERGO MRI ONLY 
FOR “COMPELLING REASONS” AND AFTER AN INFORMED 

CONSENT IS OBTAINED 
 



ESC Guidelines on cardiac pacing and cardiac resynchronization therapy 
(2013) 

IIa:  
should be considered 

IIb:  
may be considered 



CONDITIONS REQUIRED BY MANUFACTURERS FOR 
MR-CONDITIONAL DEVICES  

•  RELATIVE TO  THE HOSPITAL 

•  RELATIVE TO THE PATIENT 

•  RELATIVE TO THE IMPLANT 

•  RELATIVE TO THE MR SCANNER 



CONDITIONS RELATED TO THE HOSPITAL 
ALWAYS REQUIRED (2007 GL) 

•  PATIENTS MUST BE MONITORED THROUGHT THE WHOLE EXAMINATION 
      (at minimum ECG and pulse oximetry) 

•  EMERGENCY EQUIPMENT  
      (defibrillator, programmer, emergency resuscitation equipment, trained personnel) 



CONDITIONS RELATED TO THE PATIENT 
•  HEIGHT  (Biotronik, > 140 cm) 

•  NO FEVER   (Boston Sc, Biotronik?) 

•  NO ABANDONED LEAD  either functional or not-functional  , even if MR   conditional   
                         

•  NO CAP, LEAD EXTENDER, ADAPTER         

•  NO MIX and  MATCH  : no labeled and unlabeled hardware , or MRC from different manufac  
     

•  FULL-BODY OR LIMITED TO ANATOMICAL DISTRICTS 



CONDITIONS RELATED TO THE SCANNER 

•  TYPE OF SCANNER  cilindrical closed bore required for most conditional CIEDs 
 

•  STATIC MAGNETIC FIELD  1.5 Tesla only  for most conditional CIEDs 

•  RF excitation frequency that is approximately 64 MHz 

•  Maximum gradient slew rate performance per axis ≤ 200T/m/
sec 

•  Whole body averaged specific absorption rate (SAR) ≤ 2W/
Kg,  + SAR < 3.2 W/Kg for the head 

•  Examination duration  



CONDITIONS RELATED TO THE IMPLANT 

•  MR conditional system (device + leads) 
•  Implant in pectoral region, either right or left 
•  Time from implant (>  6 weeks) 
•  Stimulation treshold ( < 2 – 2.5 V) 
•  Pacing Impedance ( 200 – 1500 Ohms, but insulation defect 

must be excluded in case of decreasing impedance) 
•  Programming of appropriate MRI mode before scanning 

 



     
BY & CRTP 

Device 
Type 

Scan Conditions MRI Leads 

Biotronik SC,DC, 
CRTP 

SC,DC: 1,5T Full Body Scan and body SAR < 4 W/Kg 
( with Solia S leads) otherwise body SAR < 2 W/Kg  
SC,DC: 3T Cardiac ExZ and body SAR < 2W/Kg 
CRTP: 1,5T Cardiac ExZ and body SAR < 2W/Kg 

A: tines and screw 
RV: tines and screw 
LV: all bipolar leads 

Boston 
Scientific 

SC,DC 3T and 1,5T Full Body Scan and body SAR < 4 W/Kg for 
Essentio MRI, Proponent MRI or Accolade MRI with Ingevity 
leads 
1,5T Full Body Scan and body SAR < 2 W/Kg with Fineline 
II leads  

A: tines and screw 
RV: tines and screw   

Medtronic SC,DC 1,5T Full Body Scan and body SAR < 2 W/Kg A: tines and screw 
RV: tines and screw 

S.Jude 
Medical 

SC,DC 1,5T Full Body Scan and body SAR < 4 W/Kg with Tendril 
MRI lead 
1,5T Cardiac ExZ and body SAR < 2 W/Kg with Tendril STS 
and IsoFlex leads 
Endurity and Endurity Core: 1,5T Cardiac ExZ and body SAR 
< 2 W/Kg despite Tendril MRI lead 

A: tines and screw 
RV: tines and screw 
Only Tendril MRI active 
fixation leads allow FBS 
MRI 

Sorin SC,DC 1,5T Full Body Scan  A: screw 
RV: screw  
 

MR#Condi)onal#BY#Systems#Overview#



CLINICAL DATA : MRI IN NON-MR CONDITIONAL 
PACEMAKERS AND ICDS 



MRI AND NON-MR CONDITIONAL PM / ICD 
•  438 patients with devices (54% with PM and 46% with ICD)  
•  555 MRI studies. 

•  EXCLUDED IF epicardial or abandoned leads, recent implant < 6 weeks,  
pacemaker-dependent pts with an ICD due to lack of asynchronous pacing 

capability VOO in most of ICDs 

RESULTS 
3 (0.7%) PM reverted to transient back-up  programming 

(electrical reset) without long-term consequences 
Not- significant sensing and pacing treshold / impedance / 

battery voltage changes 

Ann Intern Med. 2011;155:415-424.  



N=1500



1500 non-thoracic MRI 
 
No deaths, no PM/ICD failure, no lead failure, no loss of 
capture, no ventricular arrhythmia , no parameter change 
at 6-month follow-up 
 
1 COMPLICATION: an ICD was replaced later  for battery 
depletion;  probably due to human error, as 
tachyarrhythmias therapies had not been de-activated 
before MRI scan 



MEDICAL  LITERATURE: 
RANDOMIZED TRIAL AVAILABLE FOR MDT 

(SURESCAN SYSTEM)   

464 pts randomized to MRI or no-MRI 
 
NO MRI-RELATED COMPLICATION 
 
MINIMAL CHANGES OF PACING 
A N D S E N S I N G T R E S H O L D S 
SIMILAR IN THE TWO GROUPS 
 
 



     
 TY & CRTD 

Device Type Scan Conditions MRI Leads 

Biotronik VR, DR, DX, 
CRTD 

1,5T Full Body Scan (LV lead Corox other 
LV lead  cardiac ExZ) 
3T Cardiac ExZ (VR,DX,DR) 
 

A: screw 
RV: screw dual or single 
coil 

Boston 
Scientific 

VR, DR, CRTD 1,5T Full Body Scan  
(LV lead: Acuity X4 otherwise no MRI) 

A: tines and screw 
RV: tines and screw 
dual or single coil  

Medtronic VR, DR 1,5T Full Body Scan  
 

A: tines and screw 
RV: screw dual or single 
coil 

S.Jude Medical VR, DR 1,5T Full Body Scan  (only Ellipse in MRI 
mode OFF and Tendril MRI atrial lead 
otherwise Cardiac ExZ) 

A: screw 
RV: screw dual or single 
coil 

Scan%condi)ons%for%all%manufacturers:%SAR%<%2W/Kg%body,%SAR%<%3,2W/Kg%head,%Slew%rate%<%200T/m/s%
Pacing%system%condi)ons%for%all%manufacturers:%no%abandoned%leads,%lead%adaptors%nor%lead%extenders.%
(Pacing%threshold%<%2V@0,4ms).%No%broken%leads%as%confirmed%by%lead%impedance%history.%ICD%implanted%
in%right%or%leR%pectoral%region.%NO%ERI%or%EOS.%Device%programmed%in%MRI%mode%before%MRI%scan.%System%
implanted%at%least%6%weeks%before%MRI%scan%
%

MR#Condi)onal#TY#Systems#Overview#



BUT….TOO MANY DIFFERENCES  
•  For Boston Sc ICDs MRI cannot be performed in pacemaker – 

dependent  pts because VOO is not available , even in  MRI mode 

•  Alarm Beeps are permanently de-activated after MRI exposure of ICDs 
to MRI 







NO CHANGE IN PACING TRESHOLDS OBSERVED 



THE EVERA MRI STUDY CONCLUSIONS 

Gold M, JACC 2015; 65:2581 







CONCLUSIONS 

•  MRI can be performed safely  in patients with cardiac pacemaker and ICDs, in certain 
conditions, even in patients with UNLABELED DEVICE 

•  MRI is safe in MR-conditional CIEDS when all requirements are respected 

•  New families of  MR-conditional ICDs have been designed, realized, used in clinical 
studies and approved or waiting approval from FDA 

•  MR-conditional CRT-Ps are also facing into the market 

•  Probably within a very short period of time all new CIEDs will be fully MR conditional 


