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Until recently, pacemakers and implantable cardioverter defibrillators were considered 

absolute contraindications to MRI scanning by most manufacturers. With the 

development of MR conditional Cardiovascular Implantable Electronic Devices (CIEDs), 

patients with such implants can now be scanned safely, as long as the proper 

conditions for scanning are met 1,2. Inadvertent scanning of patients with implants which 

are not MRI conditional could lead to complications e.g. skin burns1. Screening 
procedures and protocols have to be in place 3,4 to ensure patient safety. 

Background 

SAFE USE OF CARDIOVASCULAR IMPLANTABLE  

ELECTRONIC DEVICES DURING MRI 

 

1. To ensure the safety of 

MRI patients. 
 

2. To facilitate the 

preparation of patients with 

MR conditional CIEDs so 

that they can undergo MRI 

with minimal disruption. 

Aim(s)  

Collaboration among representatives from Radiology, 

Cardiology, and Clinical Measurements Unit (CMU) 
  

Brainstorm on issues and solutions over several 

meetings 
 

Literature review to identify safety aspects requiring 

attention 
 

Develop algorithms and checklists 

Methodology 

 

1. The following were created: 

• Algorithms to screen and prepare patients at various stages (Fig. 1, 2) 

• A guide to follow in the event of inadvertent scanning of patients with CIEDs (Fig. 3) 

→ These minimise the risk of an adverse event to the patient 

→ Clear steps for urgent action are outlined to review the patient and device 
 

• Checklists (Fig. 4-5) covering safety aspects requiring special attention1,3: 
 

2. The various personnel involved in the patient’s care can easily follow the steps required 

for the patient to safely undergo the MRI scan. 

→ Scheduling delays and incidences of inadequate preparation are minimised 
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Result 

A similar work process for the scanning of 

patients with cochlear implants is 

currently being developed.  We are 

collaborating with the Ear, Nose and 

Throat (ENT) department to counsel and 

prepare patients prior to their MRI scan. 

Related works 

Conclusion 

Having clear processes in place ensures that MRI safety is not compromised, and 

provides guidance on the steps for urgent review should inadvertent scanning occur. 

Patients with MR conditional CIEDs can now be scanned safely with minimal disruption. 

References: 1. Chow G. Cardiol. Clin. 2014,  2. Shinbane J. J. Cardiovasc. Magn. Reson. 2007, 3. Shinbane J. J. Cardiovasc. Magn. Reson. 2011, 4.  Shellock F. Am. J. Roentgenol. 2008 

Figure 1: Algorithm for Screening for Patients with CIEDs 

Patient arrives for scan. Radiographer: 
1) Checks requisition for history of pacemaker 
2) Verbally confirms with patient/ doctor that there is no 
CIED 

Check for prior CXR on CGH PACs AND 
sweep patient with ferromagnetic metal 
detector 

Obtain CXR 

STOP  

MR Scan 
cancelled 

GO  

Patient enters MR scan room 

CIED found 

CIED found 

CIED found 

No CIED 

Sweep positive 

No CXR available 

No history of CIED 

Sweep negative, 
CXR negative, or  
No CXR available 

CHECKLIST A1 
 
Patient’s Sticky Label 
 
 
Confirm make and model of CIED                                                          YES / NO 
  
Clinical Measurement Unit (CMU) has been contacted to reprogram device 
before scan                                                                                                 YES / NO 
 
NAME OF DEVICE:                                                     MANUFACTURER:     
   
YEAR IMPLANTED : 
 
  

Figure 4: Requesting Doctor Checklist 

CHECKLIST A2 
  
Arrangement has been made for an ACLS trained doctor to be present 
during the MR scan                                                          YES / NO 
  
Arrangement has been made with CMU (ext. no. XXXX) for a trained health 
professional to reprogram CIED after MR scan                                   YES / NO 
  
SIGNATURE OF VERIFYING DOCTOR:  _________________________    
 
VERIFYING DOCTOR’S NAME AND MCR NO.: ___________________ 
 
DATE CONFIRMED :                                 ______________________  _ 
 

Figure 3: Algorithm for Inadvertent Scanning of Patients with CIEDs 

Inadvertent scan has occurred 

MRI radiographers will first ensure 
the patient’s parameters are 
stable: NIBP, Pulse Oximetry, ECG 
monitoring 

In BOTH EVENTS a clinical incident form should be raised within 12 hours so 
that the event may be reviewed. 

Accompanying nursing staff will first 
ensure the patient’s parameters are 
stable: NIBP, Pulse Oximetry, ECG 
monitoring 

Staff-radiologist on duty to 

review the patient to make sure 
the patient is stable 

Ward Dr in Charge will be called 
to review patient. CMU to 
review the patient and CIED 
settings. URGENT REFERRAL to 
be made to Cardiology 

On-call radiology trainee will review the 
patient to ensure the patient is stable 

Ward doctor in charge to review the 
patient and place the patient on 
telemetry, pulse oximetry, NIBP 
monitoring until such time that a 
trained health professional can review 
the CIED device. URGENT REFERRAL 
made to Cardiology Dr on call 

During office hours 
(0800-1730H)  

After office hours (1730-
0800H)  

Immediately Call  

Immediately Call  

MRI radiographer 
to complete 

Immediately Call  

MRI radiographer 
to complete 

Call  

Figure 2: Algorithm for MRI Scanning of Patients with CIEDs 

Yes 

Unsure 

Yes 

No 

CPOE question: Does the patient have a CIED? 
(This includes: Pacemaker/AICD/CRT) 

NB: If the patient has retained leads or external pacing wires please refer to 
the appropriate section on the form 

CPOE question: Is this 
device MRI conditional? 

STOP : Consider other imaging 
modality or postpone Contact: CMU to verify.  

On Public Holiday or after office 
hours, call device vendor directly 
(please see box below)  

Pre-scan: The request must be approved 
by a Cardiac Radiologist. CMU to 
reprogram and check device before scan. 
On weekend/PH please contact vendor 
directly (see box below). How to ensure: 
Checklist part A1  

Pre-scan: ACLS certified Doctor must be 
present to monitor patient. 
How to ensure: Checklist part A2 complete 

After scan: Device must be reprogrammed 
and checked by trained health 
professional 
How to ensure: Checklist part C complete 

During scan: MRI radiographer must:  
Ensure patient is monitored (Checklist B1) 
AND radiological conditions for scanning 
are met (Checklist B2) complete 

Yes 

Conditions 
not met 

Conditions 
not met 

VENDOR NUMBERS to 
contact on 
weekends/PH: 
Medtronic: 94775075 

St Jude Medical: 
81282291 

Biotronik: 90680391 

Boston Scientific: 
97890347 

NB: If a Cardiac 
radiologist is on leave, 
not available on 
PH/weekend for 
vetting, please contact 
Cardiology registrar-
on-call. 

Yes  

Abbreviations 
CPOE: 
Computerised Physician 
Order Entry 
AICD: 
Automatic Implantable 
Cardioverter Defibrillator 
CRT: 
Cardiac 
Resynchronisation 
Therapy 

Yes 

Yes 

CGH Radiology conditions for use checklist  (CHECKLIST B1 and B2):  
MRI radiographer to fill out checklist B1 and B2 (please tick if condition is met) 
 
CHECKLIST B1 
 
 Proper patient monitoring and preparation must be provided during the MRI 
scan: 
 
 An ACLS trained doctor will be present during the scan 
  
 Visual and verbal contact with the patient 
  
 Monitoring heart rate using pulse oximetry or electrocardiography  
  
 An external defibrillator must be available nearby during the MRI procedure 
  
 A Radiologist or Cardiologist has reviewed any prior Chest X-Ray (if available) 
for abandoned leads and broken leads. If no prior CXR is available, consider 
performing an urgent CXR before the scan.  
 
  CHECKLIST B2 
  
 MRI scanner of 1.5 Tesla ONLY (not higher field strength than this) must be used 
in Normal Operating Mode  
  
 Gradient systems with maximum gradient slew rate performance per axis of ≤ 
200 Teslas per meter per second (T/m/s) must be used 
  
 Whole body averaged SAR must be ≤ 2W/kg, head averaged SAR must be ≤ 
3.2W/kg 
  
 Isocenter of radiofrequency coil must be above C1 or inferior to T12 vertebra. 
 
 
SIGNATURE OF VERIFYING RADIOGRAPHER :    ________________ DATE: ________ 
 
VERIFYING RADIOGRAPHERS NAME :               _____________________                  _ 
 

Figure 5: MRI Radiographer  
Checklist 


