Standard Operating Procedure for MR Imaging of Paediatric Patients with Implantable Cardiac Devices

On receipt of referral

· The referrer must state in the clinical indications that the patient has an implanted cardiac device and provide make and model number of the device within the clinical safety questions.
· A Cardiac Radiologist should vet the request and consider whether the referral is justified and whether alternative imaging could answer the clinical question.  If referral is justified, continue as below.  If the request is rejected, the referring clinician should be advised of the reasons for this by the Radiologist.  
· Only Core MRI Radiographers should deal with the organisation, booking and scanning of these patients.  The patient should be put ‘on hold’ on the CRIS system until the following steps have been followed.
· The Radiographer should notify   the pacemaker service, to ensure the device is appropriate and a risk/benefit analysis has take place.  The referring Cardiologist should complete the form entitled “Referral for MR scan for patient with MR conditional device” (see Appendix One) and return to the Radiology department.  All parts of the form must be completed and signed, otherwise it may be rejected.
· The Physicists should then be contacted to investigate the compatibility and conditions of the stated implanted device and any leads.  If the device is found to not be MRI conditional, the referral will be rejected and the referrer emailed by the Radiographers.  
· Following confirmation that both a device and leads are MRI conditional, the MRI Physicist should assess whether our department can fulfil these conditions and record any findings or notes on the CRIS system.
Booking of Scans
· If the decision is to proceed, the Radiographer should continue vetting the request and ensure the following criteria are noted for the administration team:

a) Two Core MRI Radiographers should be available to scan.
b) Named Cardiac Radiologist must be available (such as RA/GC/TS).
c) A chest x-ray MUST be performed no longer than two weeks prior to the scan date.  
d) The request is coded as an ‘E’ for ‘Exempt’ before going on the waiting list.

e) All documentation received regarding the device has been scanned onto the CRIS system.

f) Scan time is as per our current guidelines, plus 30 minutes.
g) Scans must only be performed in core hours i.e. Monday to Friday 9am to 5pm.
h) The Radiographer should state clearly on the vetting that this is a ‘Pacemaker’ patient to reduce administrative errors.

i) A CRIS alarm to alert that the patient has an implanted Cardiac device should be generated, if this has not already been recorded.

· For any General Anaesthetic cases, the MRI booking clerk should email the Consultant Anaesthetist responsible for the rota to discuss when to book the case, and copy in the Core MRI Radiographers.

· For non-GAs, the Radiographer should help to co-ordinate a suitable appointment for which the appropriate Radiographic and Physics staff are available.  They must also contact Cardiac Physiology and the named Cardiologist to ensure that they are available at this time.

Within Two Weeks of the Scan

· The Chest X-ray should be performed and be reported by a Cardiac Radiologist.  They should ensure that:
a) No leads or components from previous pacemakers or defibrillator devices have been left in the patient.

b) No other active implanted medical devices are present (i.e. no other electronic components).
c) The device leads appear intact.
d) Any markers which indicate the MRI device or leads are conditional are commented upon.
e) The length of the leads are measured and commented upon.  Leads which have been shortened may be a contraindication to MRI and should be discussed with the Physicist before proceeding.

· The Cardiac Physiologist and Cardiologist should discuss in advance the correct pacing mode and device settings.
· A Core MRI Radiographer should telephone the parents/guardians of the child and go through the MRI safety checklist in advance of the appointment, to ensure that there are no other safety contraindications and no changes since the x-ray.  The Radiographer should also use this opportunity to discuss the process with the family and ensure that any questions or concerns are noted and answered, where possible.  

· For inpatients, the Radiographer should request that a parent attends the MRI department in advance of a slot being offered to complete safety documentation.
· Reminder emails should be sent weekly to all the crucial personnel to ensure they will still be available to attend for the scan.  Confirmation of attendance should be recorded in the event comments section of the patient’s CRIS event.
· All staff who will be in attendance should have completed an MRI safety form and a safety orientation.  A record of this should be checked on the shared drive and arrangements should be made for any training or refresher required in advance of the scheduled appointment.
· An email should be sent by the Radiographer to Fiona Clements from the BLS team, to request the loan of a defibrillator with pacing capabilities.  Any issues with this should be flagged with the Consultant Cardiologist to see if one can be sourced from 1E instead.
Day before the scan
· The Radiographer should ensure that MRI compatible patient monitoring will be available for the duration of the examination.  In the event of equipment failure which coincides with a GA list, MRI departments in QEUH or INS may be able to loan a unit for the period required.  A scan must not go ahead unless monitoring is available.
· It should be checked with the BLS team that the Defibrillator is available for the following day and arrangements should be made to collect and return it.
· The MRI Radiographer should ensure that the correct staffing profile is available to attend to the patient, including Medical Physicist, Radiologist, Cardiologist and Cardiac Physiologist.
Day of the scan - Preparation
· The Anaesthetic room should be prepared in the following way:  
a) The pacing defibrillator should be available in the Anaesthetic room, switched on and with pads attached.  This should be checked by the Cardiac Physiologist before the patient enters the MRI controlled area.
b) The cannulation trolley and sharps bin should be removed to the clean utility room to create space.

c) Three fully stocked cannulation trays should be placed on the worktop in case of emergency.

d) A space should be created in order to accommodate the Cardiac Physiology equipment.
· The Ground Floor interview room should have the chairs removed and be replaced with an appropriately sized MRI conditional patient trolley.  All pre-scan checks of the device must take place in the interview room before the patient enters the MRI controlled area.  For patients scanned on the first floor, the curtained area outside the CT scanner should be prepared in the same way.
· On patient arrival, the Cardiac Physiologist will interrogate the device in the interview room, to ensure that the Cardiology conditions for MR safe scanning are satisfied, and that the patient is not Pacemaker dependant.  The Physiologist will record:
a) A final confirmation that the device and leads are both MRI Conditional.
b) The current device settings and measurements and Device Longevity is within 6 Months of ERI (Elective Replacement Indicator).
c) The current lead settings and measurements.
d) A confirmation that the device has been programmed to MRI safe mode.  (This includes DEFIB OFF and PACING OFF). 
e) A safety confirmation, as per previous discussion with the supervising Cardiologist.
f) Any print outs from the device and make these available to scan onto the CRIS system.
· When satisfied that all criteria for scanning safety have been met, the proforma entitled “MRI Conditional Pacemaker Checklist” (Appendix  Two) must be checked and signed by the Cardiac Physiologist and Cardiologist. 
· The Physicist must complete the form entitled “Checklist for MRI Conditions for MR Scanner” (Appendix Three) and provide a copy of this for review by the Radiographer.

· The Cardiologist and Cardiac Physiologist MUST be present for the duration of the scan.  The scan must be rearranged if there is any issue with remaining in the department for the length of the scan.
· The Radiographer should apply MRI conditional monitoring to the patient, namely ECG and Oxygen saturation monitoring devices, when convenient for the Cardiac team, before leaving the interview or preparation area.
Scanning of the Patient
· The Radiographer and Physicist should perform a safety pause, whereby they check that all documentation and information has been received, is correct and has been signed by the relevant authorised persons, and that all other supporting equipment and persons have been screened for MRI safety.
· The Cardiac Physiology equipment should now be placed inside the Anaesthetic room, ready for use if the patient needs to be removed from the scanner.
· The Radiographers should then slowly wheel the patient into the MRI scan room and position them midline supine on the scan table.  

· It is the responsibility of the Cardiologist to monitor the patient for the duration of the scan.

· In the case of an Anaesthetised patient, the Consultant Anaesthetist would be responsible for monitoring the patient.

· An MRI conditional patient trolley should be kept within the MRI scan room at all times during the patient examination, if the patient is being scanned on the First Floor Avanto scanner.  For the Ground Floor Aera scanner, the table can be undocked and the patient quickly removed from the scanner in the event of an emergency.
· As per protocol the patient will be given the emergency call bell and carefully instructed on its usage (for non-GA patients).
· The Radiographer should verbally check on the patient periodically during the scan, via the scanner intercom system (for non-GA patients).
· When imaging the chest, ‘Receive Only’ coils should be used and any breath-holds should be on inspiration, to move the heart further away from the device and thus reduce artefact.

· According to the conditions supplied by the device manufacturer, the patient should be scanned in ‘Normal’ mode at all times, unless otherwise authorised by the MRI Physicist.  The assistance of a Medical Physicist should be sought in cases where it is difficult to reduce the SAR delivered to the patient.
· In the unlikely event of an emergency such as a Cardiac Arrest, the patient should immediately be removed from the scan room and into the Anaesthetic room, where help can be given.  The Crash Team should be called on 2222 and the magnet room door locked.
Post-scan
· After the patient has been scanned, the Radiographer can slowly remove the patient from the magnet and into the Anaesthetic room.
· Outside of the scan room, the Cardiac Physiologist should re-interrogate the device and reprogram it to its original settings.  If available, a further printout from the system should be obtained and scanned onto the CRIS system - the risk is over-heating of pacing/defib system's components which can affect certain functions/measurements.
· Once the Cardiac Physiologist is satisfied that the device has returned to the original settings, the MRI conditional monitoring should be removed from the patient before they leave the department.
Special notes
· Patients who attend for MRI appointments who, when screened, are found to have an implanted cardiac device cannot be immediately scanned.  Explanation should be given to the patient and they will be rebooked when the appropriate checks have taken place, after discussion with their Cardiac Consultant.

· Radiographers should take part in an annual ‘mock arrest’ situation, in order to ensure that a process to remove the patient quickly from the magnet room is well practiced.

Appendix One

Referral for MR scan for patient with MR conditional device

To determine whether a patient can undergo a MRI scan the following information is required:

Date of insertion:

Where was the device implanted?:

Date of Chest X-ray:

Device make and model:

Serial number:

Lead 1 make and model:

Serial number:

Lead 2 make and model:

Serial number:

I confirm that the information provided is the most up-to-date information to assess the patient’s eligibility and readiness for a MR Conditional scan.

Name:




Signature:

Date:

Appendix Two

MRI Conditional Pacemaker Check list


Patient name:

Hospital Number:

Date of Birth:

Referrer:

Prior to scanning:

Device make and model:        ​​​​​​​​​​​​​​​​​​ _________________________________________

Lead make and model:
_________________________________________

Lead make and model:
_________________________________________

The MR scanner operation satisfies the MR conditions: 




 FORMCHECKBOX 

Radiographer:  _____________________

Signature:         _____________________ 
Date & time: _______________________

Confirmation device has been in longer than 6 weeks:




 FORMCHECKBOX 

Post implantation CXR available and no intervention since implementation:

 FORMCHECKBOX 

If not available CXR requested







 FORMCHECKBOX 

Confirmation by the radiologist/cardiologist that:

Confirmation that device and leads are MRI conditional




 FORMCHECKBOX 

No other leads, adaptors and devices present in CXR




 FORMCHECKBOX 

X-ray and notes checked 
 






 FORMCHECKBOX 

Radiologist:


Name:       _____________________

Signature: _____________________ 
Date & time: _______________________

The device is switched to MR scan mode 





 FORMCHECKBOX 

Cardiac Physiologist:

Name:       _____________________

Signature: _____________________ 
Date & time: _______________________

Appendix Three
Checklist for MR conditions for MR scanner

Date of insertion:

Date of Chest X-ray:

Device make and model:

Serial number:

Lead 1 make and model:

Serial number:

Lead 2 make and model:

Serial number:

Device and lead combination is MR conditional?

Can the device/lead be identified by radiopaque marker?

	
	Aera
	Avanto
	MR conditions required
	Requirements met?

	Scanner characteristics
	1.5 T, horizontal field, cylindrical bore

Max spatial gradient = 5 T/m

Max slew rate = 20 T/m/s
	1.5 T, horizontal field, cylindrical bore

Max spatial gradient =  5.6 T/m

Max slew rate = 20 T/m/s
	
	 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 


	Scanner operation
	Normal mode

1st level

can be achieved
	Normal mode

1st level

can be achieved
	
	 FORMCHECKBOX 


	Coil
	Receive head coil

T/R knee coil

Receive body array coil

Spine coil
	Receive head coil

T/R knee coil

Receive body array coil

Spine coil
	
	 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 


	Scan regions, restrictions and patient positioning
	
	
	
	 FORMCHECKBOX 



	Total active scan time
	Protocol dependent 
	Protocol dependent
	
	 FORMCHECKBOX 




I can confirm that the Aera/Avanto scanner have fulfilled the MR conditions for the device and lead set up.

Name:

Signature:






Date:

MR conditional summary for radiographer:

	
	MR conditions required

	Scanner characteristics
	

	Scanner operation
	

	Coil
	

	Scan regions and restrictions
	

	Total scanner time
	


I can confirm that the Aera/Avanto scanner has fulfilled the MR conditions for the device and lead set up.

Name:

Signature:






Date:

Patient label








