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C’è la necessità di avere pacemakers o  ICD MRI-safe 

•  No se la risonanza non è utile o se ci 
sono test di imaging alternativi di facile 
esecuzione e  sicuri 

•  No se non esiste rischio per il device e/
o  per il paziente sottoposto a MRI 



MRI e DEVICE:  due tecnologie che corrono insieme 

Il	
  50-­‐75%	
  dei	
  pazienti	
  impiantati	
  necessitano	
  di	
  
una	
  MRI	
  nel	
  corso	
  della	
  vita	
  del	
  dispositivo	
  	
  
	
  

•  >	
   60	
   milioni	
  	
  	
  	
  	
  	
  	
  	
  	
  
di	
   	
   pazien)	
  
so,opos)	
   a	
  
RM	
  ogni	
  anno	
  

	
   1	
   milione	
   di	
  
d i s p o s i ) v i	
  
c a r d i a c i	
  
impianta)	
   ogni	
  
anno	
  nel	
  mondo	
  

Number of annual magnetic resonance 
scans and of newly implanted 

implantable ICD in USA. 
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Interazioni�fra�device e�MRI

Effetto�meccanico
Spostamento�o�torsione

Effetto�interferente
Alterazioni�del�funzionamento�del�

device

Effetto�proͲaritmico
Induzione�di�tensioni�e�
correnti�sui�cateteri

Effetto�termico
Riscaldamento�sulla�punta�

dell’elettrodo

Campo elettromagnetico
a radiofrequenza (~MHz)
RF,  SAR [W/Kg])

Campi magnetici di 
Gradiente (~ kHz)
dB/dT [T/m/s])

Campo Magnetico 
Statico 
Bo  [Tesla]
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Premessa:�interazioni�fra�device e�MRI
A causa di queste interazioni e delle potenziali conseguenza sul
paziente, per un lungo periodo l’esecuzione di esami di risonanza
magnetica è stata preclusa ai pazienti con device.

G.�Calcagnini.�Compatibilità�tra�stimolatori�cardiaci�impiantabili�e�risonanza�magnetica:�aspetti�normativi�
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Ha arruolato 258 pazienti, non sono state segnalate 
complicazioni durante l’esame di MRI a 1,5 T  

Ma i rischi sono reali ?  



“DEATH LINKEDTO HOSPITAL SCAN” 
 
MELBOURNE,AUSTRALIA — The Alfred 
Hospital has announced a review of its safety 
procedures after the death of a man whose 
pacemaker malfunctioned during a magnetic 
resonance imaging scan.  
 
The Herald Sun 
Thursday April 13 2000-04-13 
News Corporation Melbourne Australia 
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Magnetic resonance imaging in patients with
cardiac pacemakers: era of “MR Conditional”
designs
Jerold S Shinbane1*, Patrick M Colletti2 and Frank G Shellock2

Abstract
Advances in cardiac device technology have led to the first generation of magnetic resonance imaging (MRI)
conditional devices, providing more diagnostic imaging options for patients with these devices, but also new
controversies. Prior studies of pacemakers in patients undergoing MRI procedures have provided groundwork for
design improvements. Factors related to magnetic field interactions and transfer of electromagnetic energy led to
specific design changes. Ferromagnetic content was minimized. Reed switches were modified. Leads were
redesigned to reduce induced currents/heating. Circuitry filters and shielding were implemented to impede or limit
the transfer of certain unwanted electromagnetic effects. Prospective multicenter clinical trials to assess the safety
and efficacy of the first generation of MR conditional cardiac pacemakers demonstrated no significant alterations in
pacing parameters compared to controls. There were no reported complications through the one month visit
including no arrhythmias, electrical reset, inhibition of generator output, or adverse sensations. The safe
implementation of these new technologies requires an understanding of the well-defined patient and MR system
conditions. Although scanning a patient with an MR conditional device following the strictly defined patient and
MR system conditions appears straightforward, issues related to patients with pre-existing devices remain complex.
Until MR conditional devices are the routine platform for all of these devices, there will still be challenging
decisions regarding imaging patients with pre-existing devices where MRI is required to diagnose and manage a
potentially life threatening or serious scenario. A range of other devices including ICDs, biventricular devices, and
implantable physiologic monitors as well as guidance of medical procedures using MRI technology will require
further biomedical device design changes and testing. The development and implementation of cardiac MR
conditional devices will continue to require the expertise and collaboration of multiple disciplines and will need to
prove safety, effectiveness, and cost effectiveness in patient care.

Introduction
In a previous JCMR paper entitled, “MRI in Patients
with Pacemakers and ICDs: Defining the Issues”, the
authors discussed controversies related to imaging
patients with cardiac pacemakers and implantable car-
diac defibrillators (ICDs) which had not been specifically
designed for the magnetic resonance imaging (MRI)
environment [1]. Since that time, technological advances
have led to the first generation of MR conditional car-
diac pacemakers, allowing for greater patient

management options as well as a new set of issues and
controversies. One paradoxical effect created by this
burst of medical innovation is the potential limitation of
application of a technology due to the presence of
another technology in the same patient. Because a sig-
nificant percentage of patients with cardiac devices may
potentially have indications for MRI during their lifetime
[2], application of MR conditional devices is important
to allowing patients access to MR scanning under well
defined conditions. The engineering and implementation
of these devices requires an understanding of: 1) all
device/MRI interactions, 2) design issues to minimize or
eliminate these interactions, and 3) patient management
decision-making algorithms for their safe application.
This review will discuss the development and

* Correspondence: shinbane@usc.edu
1Division of Cardiovascular Medicine/Cardiovascular and Thoracic Institute,
Keck School of Medicine, University of Southern California, Los Angeles, CA
90033, USA
Full list of author information is available at the end of the article

Shinbane et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:63
http://www.jcmr-online.com/content/13/1/63

© 2011 Shinbane et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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Nel 2008 inizia l’era dei pacemaker “compatibili” con la Risonanza Magnetica 
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È tutto risolto? 
 

•  e... la normativa ? 
 

•  e... le linee guida ? 



Normativa: il punto 
esiste una discordanza tra normativa Europea e Italiana  

•  Ci sono nel mercato device ‘convenzionali’ (non MRI-
Conditional): sono device marcati CE per i quali il fabbricante 
(sia di scanner che di device) non ha certificato l’esecuzione di 
esami di RM, indicandone la controindicazione. L’utilizzo del 
device in esami di RM  (uso off-label) sposta la responsabilità 
dal fabbricante al medico. 

 

•  Ci sono nel mercato device MRI-conditional, certificati per 
poter essere ragionevolmente sicuri durante l’esecuzione di 
esami MRI, ma con limitazioni di utilizzo specifiche indicate 
dai fabbricanti. 



                                    Vige ancora .... 
                   Il decreto ministeriale 2 agosto 1991 

Impossibile visualizzare l'immagine. La 
memoria del computer potrebbe essere 
insufficiente per aprire l'immagine 
oppure l'immagine potrebbe essere 
danneggiata. Riavviare il computer e 
aprire di nuovo il file. Se viene 
visualizzata di nuovo la x rossa, potrebbe 
essere necessario eliminare l'immagine e 
inserirla di nuovo.





Il problema NON è completamente risolto dai device  
MRI-conditional attualmente in commercio 

•  I pacemaker attuali sono certificati solo per scanner a 1.5 T ed alcuni fino a 3 
Tesla, con eventuali ulteriori esclusioni in termini di distretto anatomico 
studiabile, di intensità di gradiente, di potenza depositata sul paziente (= tipo di 
sequenza MRI), geometria del gantry (aperto o chiuso) 

 
•  Esiste una significativa porzione di pazienti con impianti convenzionali (“non 

MRI conditional”) che potrebbero trovarsi nelle condizioni cliniche per le quali 
ci sarebbe un significativo beneficio diagnostico da un esame MRI. 

 
•  Esiste il problema dei lead o degli impianti abbandonati 

•  Vige ancora  in Italia il decreto  Ministeriale del 1991  

Questi casi (off-label) potrebbero rimettere la decisione finale al clinico, in termini 
di rischio/beneficio per il paziente (case-by-case). 
 

    
 
 
 
 



I ruolo delle linee guida (device convenzionali) 
•  Le linee guida delle società scientifiche non hanno una valenza normativa, tuttavia 

rappresentano lo stato dell’arte ed il consensus della comunità scientifica. Hanno 
quindi un valore nel determinare eventuali scelte/responsabilità (ad esempio 
nell’uso off-label) 
-  ACR Guidance Document for Safe MR Practices: 2007 
-  AHA-ACCA (NASCI, SCMR): Safety of Magnetic Resonance Imaging in Patients with 

Cardiovascular Device (2007) 
-  ESC: Magnetic resonance imaging in individuals with cardiovascular implantable 

electronic device (2008) 
-  Task Force Members et al. Eur Heart J 2013; 

…It is recommended that the presence of implanted cardiac pacemakers or 
implantable cardioverter defibrillators (ICDs) be considered a relative 
contraindication for MRI.  
Should an MRI be considered, it should be done on a case-by-case and site-
by-site basis, and only if the site is staffed with individuals with the 
appropriate radiology and cardiology knowledge…. 



Safety precautions for magnetic resonance imaging (MRI) in patients with conventional 
cardiac devices.  

Authors/Task Force Members et al. Eur Heart J 2013; 



Safety precautions for magnetic resonance imaging (MRI) in patients with conventional 
cardiac devices.  

Authors/Task Force Members et al. Eur Heart J 2013; 



Simbologia	
  e	
  terminologia	
  associata	
  al	
  device	
  relaIvamente	
  
ai	
  rischi	
  connessi	
  con	
  MRI	
  	
  

	
  
  
MRI Safe: “il dispositivo non comporta alcun tipo di rischio in ogni 
possibile condizione di ambiente MRI.” 
 
 
MRI Conditional: “il dispositivo ha dimostrato di non porre 
rischi reali in un determinato ambiente MRI, sotto specifiche 
condizioni di utilizzo. Le condizioni di esposizione che 
definiscono lo specifico ambiente MRI includono l’intensità del 
campo magnetico, il gradiente spaziale e le variazioni temporali 
(dB/dt) dello stesso e l’energia depositata espressa in termini di 
SAR (Specific Absorption Rate). Possono inoltre essere 
richiesti requisiti aggiuntivi, come una particolare 
configurazione del dispositivo.” 
 
 
 
MRI Unsafe: “il dispositivo comporta rischi provati in ogni tipo di 
ambiente MRI.”  



Safety precautions for magnetic resonance imaging (MRI) in patients with conventional 
cardiac devices.  

Authors/Task Force Members et al. Eur Heart J 2013; 



Europace 6 september 2013 ︎

Bisignani Europace in press 



Safety precautions for magnetic resonance imaging (MRI) in patients with conventional 
cardiac devices.  

Authors/Task Force Members et al. Eur Heart J 2013; 

Radiologist 



... Come si esegue  



La RM CARDIACA può essere eseguita nei pazienti con 
devices 



RM	
  
CARDIACA	
  

isocenter during table positioning. Isocenter must be
above the superior surface of the C1 vertebra or below the
inferior surface of the vertebral body of T12 [4]. This in
effect appears to preclude cardiovascular MR (CMR). In
this manuscript, we describe a protocol for CMR of
patients with a Revo pacemaker system while operating
within FDA guidelines, and the first US case of CMR in a
patient with a Revo MRI-conditional pacing system des-
pite position constraints.

Case presentation
A 34-year-old woman had a history of an anterior
myocardial infarction following spontaneous left anterior
descending coronary artery dissection 11 days postpar-
tum at age 28 and subsequently underwent cardiac

Figure 1 SSFP coronal scout with isocenter below T12. Position
confirmed by inferior rib while placing patient in scanner. Note the
relatively higher signal at the image isocenter (arrow).

Figure 2 Still-frame from cine steady-state free precession
image. Localized artifact from sternal wires (dashed arrow) and
pacemaker lead in right ventricle (solid arrow).

Figure 3 Late gadolinium enhancement images demonstrating
enhancement in the inferior and lateral walls. Findings
consistent with infiltrative process and biopsy-confirmed PTLD (solid
arrows), and pacemaker lead in right ventricle (dashed arrow).

Figure 4 Late gadolinium enhancement image on CMR study 4
months later. Slight improvement in inferior and lateral
enhancement (solid arrows).

Bhandiwad et al. Journal of Cardiovascular Magnetic Resonance 2013, 15:18 Page 2 of 4
http://www.jcmr-online.com/content/15/1/18



European Heart Journal Advance Access published March 21, 2015 



CONCLUSIONI  
 

•  RM conditional significa che la RM è sicura SOLO in specifiche condizioni 
che possono variare da ditta a ditta. 

•  Non usare dispositivi RM conditional quando disponibili rappresenta 
l’esclusione di una metodica diagnostica (la RM) dal futuro di un paziente, 
con dubbi sulla costituzionalità di tale scelta  

 
•  Vige ancora la legge (D.M. 2 agosto 1991). (documento Istituto Sup. Sanità) 

•  Se necessaria RM in paz con device NON RM CONDITIONAL condividere 
rischi col pz , con la  consapevolezza della necessità di un rischio 
(sostanzialmente piccolo secondo alcuni) che va affrontato eliminando così 
rischi più grandi (estrazione, deficit di informazioni diagnostiche 
fondamentali).   

•  Implica comunque un’assunzione di responsabilità da parte degli operatori 
sanitari  
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TABLE 3
Characteristics of Commercially Available Premium Tier and Core Tier MRI Conditional Pacemakers

Boston
Biotronik Medtronic ImageReady MRI

St. Jude Pro MRI systems SureScan conditional system

Premium Tier MRI
conditional pacemakers

ACCENT RF MRI EVIA MRI (DR/SR) ADVISA MRI INGENIO(EL) MRI

RV pace management VIP (350 milliseconds) Vp suppression MVP RYTHMIQ
Switch ADI/DDD AVSH+
IRSplus (400 milliseconds) Dynamic AV Delay (400

milliseconds)
Remote patient monitoring MERLIN BIOTRONIK home

monitoring
CARELINK LATITUDE NXT

Core Tier MRI conditional
pacemakers

ESTELLA (DR/SR) ENSURA MRI ADVANTIO MRI

RV pace management IRSplus (400 milliseconds) MVP AVSH+
Dynamic AV Delay (400

milliseconds)
Preparation for MRI

examination
Activate hand-held device Program device into MRI

mode before scanning.
Minimum patient height
1.4 m

SureScan feature
programmed “On” prior to
scanning

Program into MRI mode
before scanning

Static magnetic field strength
limit

1.5 T 1.5 T 1.5 T 1.5 T

Scan zone restrictions None Scan zone restrictions apply None None
Maximum permitted slew

rate of the scanner
200 T/m/s 216 T/m/s ≤200 T/m/s ≤200 T/m/s

Maximum permitted scan
time

N/A 30 minutes. Total duration of
examinations should not
exceed 10 hours

N/A N/A

Position restrictions Lateral decubitus position
contraindicated

Dorsal scanning only
permitted

No positioning restrictions No positioning restrictions

Device identifiers Three radiopaque rings on the
proximal portion of the
lead identify it to be a
Tendril MRI product. The
radiopaque letters “MRI”
on the device marker
identify the implantable
pulse generator (IPG) to be
MRI conditional

Biotronik’s PRO MRI series
of IPGs bear a radiopaque
hallmark with the
Biotronik identifier
followed by the letters SF.
No radiopaque identifier on
the lead

Radiopaque markers (wavy
lines on the proximal
portion of the leads and a
tilde symbol [∼] on the
pulse generator’s device
marker) identify the system
as an MRI conditional
product. First generation
MRI conditional IPGs bear
the 3-letter code PTA on
the device marker. Second
generation SureScan IPGs
bear the hallmark PVX(16)

A solid triangle followed by
the letters BSC on the
device marker denotes that
the IPG is MRI conditional.
No unique markers on the
lead to denote MRI
conditional status

TABLE 4
License Requirements Prior to MRI Assessment in Patients with MRI

Conditional Pacemakers

>6 weeks post implant
Right or left pectoral implant (prepectoral or submuscular)
Lead threshold < 2.0 V @0.4 milliseconds if patient is pacing dependent
Lead impedance 200–1500 ohms
Pacing leads programmed bipolar
No other active or abandoned nonconditional leads in situ
No lead adapters or extenders in situ

fiber-optic technology, is able to monitor both oxygen satu-
rations and heart rate during examination in the MRI envi-
ronment and is the preferred mode of monitoring.

Commercial MRI Conditional Portfolio

Medtronic Conditional Pacemakers and Leads

Medtronic was the first to market with its SureScan MRI
technology, which has been available since 2008, when CE
mark approval was granted for the Enrhythm MRI pace-

maker. In 2011, US Food and Drug administration (FDA)
approval was granted and the Revoi MRI pacemaker was re-
leased to the US market. First generation MRI conditional
pacemakers had scan zone restriction conditions and were
only licensed for nonthoracic MRI assessment. Second gen-
eration MRI pacing systems have since been launched. Both
the Ensura and Advisa MRI SureScan pacing systems are
equipped with advanced diagnostics for the detection of atrial
arrhythmias, algorithms to minimize ventricular pacing and
are licensed for whole body scanning with no scan zone re-
strictions when used according to labeling. There is no limit
as to the duration of the scan and no restrictions on the num-
ber of times a patient can be scanned. However, at present a
single chamber option is not available in any of the models.

Active and passive MRI conditional leads are available.
The passive fixation CapSure Sense lead is a backwards MRI
compatible lead with a 5.3 F isodiametric lead body. The ac-
tive fixation 5086 MRI lead design is based on the 5076
CapSure Fix Novus design and the materials used in both
leads are identical. It is the construction of the lead that

iRevo MRI is the US version of the Enrhythm pacemaker.
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Not All Pacemakers Are Created Equal: MRI Conditional
Pacemaker and Lead Technology

FOZIA Z. AHMED, M.B.Ch.B.,∗,† GWILYM M. MORRIS, Ph.D.,† STUART ALLEN, B.Sc.,∗

RAJDEEP KHATTAR, D.M.,‡ MAMAS MAMAS, M.A., D.PHIL., B.M. B.Ch.,∗,† and
AMIR ZAIDI, F.R.C.P.∗

From the ∗Manchester Heart Centre, Manchester Royal Infirmary, Manchester, UK; †Cardiovascular Research Institute, University of
Manchester, Manchester, UK; and ‡Royal Brompton Hospital, London, and National Heart and Lung Institute,

Imperial College, London, UK

MRI Conditional Pacemaker and Lead Technology. Due to expanding clinical indications and
an aging society there has been an increase in the use of implantable pacemakers. At the same time, due to
increased diagnostic yield over other imaging modalities and the absence of ionizing radiation, there has
been a surge in demand for magnetic resonance imaging (MRI) assessment, of both cardiac and noncardiac
conditions. Patients with an implantable device have a 50–75% chance of having a clinical indication for
MRI during the lifetime of their device. The presence of an implantable cardiac device has been seen as a
relative contraindication to MRI assessment, limiting the prognostic and diagnostic utility of MRI in many
patients with these devices. The introduction of MRI conditional pacemakers will enable more patients
to undergo routine MRI assessment without risk of morbidity or device malfunction. This review gives a
general overview of the principles and current evidence for the use of MRI conditional implantable cardiac
devices. Furthermore, we appraise the differences between those pacemakers currently released to market.
(J Cardiovasc Electrophysiol, Vol. 24, pp. 1059-1065, September 2013)

implantable cardiac device, implantable cardioverter defibrillator, magnetic resonance imaging (MRI), pacemaker

Introduction

Due to improved diagnostic yield over other imaging
modalities and the absence of ionizing radiation, there has
been a surge in demand for magnetic resonance imaging
(MRI) assessment of both cardiac and noncardiac condi-
tions. American and European guidelines advocate that MRI
assessment may be performed in a range of conditions, from
investigation of chest pain and neurological complaints to the
surveillance of congenital cardiac deformities and cancer.1-3

With expanding clinical indications for cardiac pacemakers
and implantable cardioverter-defibrillators (ICD) many of
these patients may require a cardiac device. It is estimated
that 50–75% of patients with a device are expected to have
a clinical indication for an MRI scan during the lifetime of
their device.4 Furthermore, in patients with adult congenital
heart disease and cardiomyopathy multiple assessments of
cardiac function may be required after device implantation.
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Until recently the presence of an implantable cardiac device
has been a contraindication to MRI assessment.

In recent years, position statements from the European
Society of Cardiology and the American Heart Association
have suggested that with careful programming and supervi-
sion MRI assessments may be performed in selected patients
with nonconditional devices.5,6 There are data supporting
the notion that limited MRI assessments can be performed
in selected patients implanted with pacemakers not specif-
ically designed to be MRI compatible.7 The interim find-
ings from the MagnaSafe registry have reported no instances
of death or device failure in association with nonthoracic
MRI scanning of pacemaker and ICD recipients using a 1.5
Tesla (T) scanner.8 Additionally, the authors commented that
MRI assessment might be a safer option than lead extrac-
tion and new pacemaker implant in paced patients who re-
quire nonthoracic MRI assessment.9 However, other series
have shown serious untoward events have been reported even
though necessary precautions have been observed.10 Several
manufacturers have released to market leads and devices that
have been designed for and are licensed for use in the MRI
environment. Yet there are significant differences in their
technology and their scan zone restrictions.

MRI Examinations in Patients with Non-MRI
Conditional Systems

It is generally accepted that legacy devices (pre 2000)
pose the greatest hazard to patients during MRI scanning.

...The	
  effects	
  of	
  MRI	
  scanning	
  in	
  paced	
  pa5ents	
  with	
  noncondi5onal	
  system	
  
appear	
  to	
  be	
  unpredictable...	
  
	
  
...each MR conditional device is unique,  there are no ‘‘universal’’ labeling 
guidelines that are applicable for al.l 
...However,	
  research	
  over	
  the	
  last	
  decade	
  led	
  to	
  the	
  recommendaIons	
  in	
  the	
  2013	
  ESC	
  
guidelines,	
  where	
  MRI	
  might	
  be	
  possible	
  if	
  following	
  certain	
  prerequisites.	
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ESC:�Position�paper:�magnetic resonance imaging in�individuals with�
cardiovascular implantable electronic device (2008)

The safety of MR in patients with retained endocardial pacemaker wires has not
been systematically investigated to date. However, there is a potential threat
that they may act as ‘antennas’ with significant heating (even if the electrode
has a cap).
The heating of retained endocardial leads may be even higher when compared
with normally connected leads.
Although a potentially higher risk population, we feel that MR imaging may be
considered with the precautions and followͲup measures in accordance with our
recommendation for pacemaker patients.

Safety issues in patients with retained pacing leads

G.�Calcagnini.�Compatibilità�tra�stimolatori�cardiaci�impiantabili�e�risonanza�magnetica:�aspetti�normativi�
Lamezia�Terme,�14�maggio�2013

ACR:�Guidance�Document�for�Safe�MR�Practices:�2013

G.�Calcagnini.�Compatibilità�tra�stimolatori�cardiaci�impiantabili�e�risonanza�magnetica:�aspetti�normativi�
Lamezia�Terme,�14�maggio�2013è finito il tabù... 


