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1. Background and Rational
It has been shown that the circuitry used in Cardiac Implantable Electronic Devices (CIED’s) can be susceptible to ionising radiation. Experimental evidence has shown that radiation can cause a loss in pacemaker function, while in ICDs radiation has been shown to potentially cause inappropriate high voltage therapy. The level of radiation at which device damage can occur is highly variable. However, clinically significant dosages seen during radiotherapy treatment have been shown to cause device damage. A growing number of reports have also been published demonstrating that radiotherapy induced device damage can also occur clinically. The consequence of device damage is potentially fatal to the patient. Because of the recognised potential for interaction between therapeutic radiation and cardiac devices, there is a need to define the best management for cardiac device patients undergoing radiotherapy treatment in the trust. 
This protocol is based on the Bristol Heart Institute protocol that was first written in 2014. Since then there has been additional evidence published which has warranted a change in practice, as well as a national set of clinical guidelines published by the Society of Radiographers (SoR).  This policy will run alongside the radiotherapy department’s own guidance for safe planning and treatment of patients with implantable cardiac devices. Further reviews of this protocol should also consider any new publications or evidence and departmental audit.




2. Identification of Patients
Identification of device patients who are due to undergo Radiotherapy Treatment (RT) should be performed as soon as possible.
Whilst attending oncology clinic, patients with an implantable cardiac device should be identified, and this should be recorded by the referring Oncologist. Once the radiotherapy planning office receives confirmation that a patient with a cardiac device is due to undergo Radiotherapy they will contact the device team (appendix A) with the following information:
· Treatment schedule
· Treatment site
· Usual follow up centre for the patient’s cardiac device
· Type of cardiac device (i.e. ICD or pacemaker) if known
· When the patient last had their device checked, if known
Once the device team receives this information the relevant pacing checks can be made. Wherever possible, radiotherapy treatment for all cardiac devices (and always for ICDs) should be booked in the normal working hours of the cardiac device clinic (08:30-17:00). The cardiac device team will be informed about patients via agreed methods outlined in section 6.
3. Isotope Therapy
Patients undergoing isotope therapy will not be subjected to the same process as those undergoing traditional (i.e. external beam) therapy. There is no indication that isotope therapy causes any interaction with implantable cardiac devices, and there is no guidance given in the Society of Radiographers’ national document.
4. Radiotherapy 
Following the patient’s pre-treatment appointment, radiation physics will calculate an estimated dose to the device. Treatment planning will be done according to the trust’s ‘policy. Once this dose is calculated, they will inform the device team who will then schedule any additional checks, if necessary (see relevant patient pathway). Any pacemaker patient whose device is expected to exceed 5Gy in total dose or if the patient is pacemaker dependant with a total dose exceeding 2Gy should be discussed with a Consultant Cardiologist before commencing radiotherapy. The scheduling of pacemaker checks and the discussion with the Consultant Cardiologist is the responsibility of the device team at Dorset County Hospital.






Flow chart 1. CIED patient overview for CIED patients undergoing RT
Presence of cardiac device identified during pre-assessment for radiotherapy treatment (Presence of cardiac device box ticked on EPF)
Radiotherapy planning informed of patient with a cardiac device due to undergo radiotherapy
Cardiac device team informed via radiotherapy planning. Information to be included:
Treatment schedule
Treatment site
Type of cardiac device
Usual follow up centre
· When the patient last had their device checked, if known

Relevant appointments made by cardiac device team (see flow charts 2 and 3)
Radiation physics estimate of dose to the device. Inform cardiac device team of dose
Any necessary additional checks made by device team, depending on dose (see flow charts 2 and 3)
Radiology planning and radiation physics departments informed of required device check schedule
Patient contacted by device team with relevant appointments

5. Device Monitoring
Due to the potential clinical consequences of device dysfunction, adequate monitoring of device function is paramount. This protocol suggests two separate patient pathways: one for pacemakers and another for ICDs. Once a cardiac device is identified by the RT planning team, the cardiac device team should be informed. The cardiac device team will then start the relevant pathway and book the patient in for the appropriate checks. If necessary, contact will be made with the patient’s usual follow up centre if it is not Dorset County Hospital. 
Once the radiation physics department has determined the estimated total dose to the device, the device team should also be informed of this figure. Any additional checks or processes that need to be made according to the total dose should then be undertaken by the device physiologist. As part of this protocol, we have taken guidance from the SoR documentation. As such, any pacemaker patient that is receiving a dose of <2Gy is seen as ‘low risk’ (regardless of their pacing status) and should be checked within 3 months of the first treatment date, and immediately following the last session. No other appointment will be required following this. If the total dose to the pacemaker is between 2-5Gy and the patient is not pacemaker dependant an additional 2-week appointment should be made following the last treatment to check for latent damage.
For ICDs every session will be attended by a physiologist who will turn the high voltage therapy off during every session, as recommended by the SoR guidance. The recommended maximum dose to ICD in this guidance is 0.5Gy. 
If the patient is usually followed up at a different centre, all checks while the patient is undergoing RT should be performed at Dorset County Hospital and a temporary device folder created. If the 2-week check is to be performed at the patient’s usual follow up centre, this should be organised by the Dorset County Hospital device clinic. It is the responsibility of the Dorset County Hospital device clinic to inform the patient’s usual follow up centre that the patient has undergone RT, and any changes to device settings.
Any possible RT induced device dysfunction detected during the check should be discussed with a minimum band 7 device physiologist or a cardiologist. Additional checks should be made if there is any suspicion of RT induced dysfunction. These should be arranged according to a band 7 or 8 device physiologist or a cardiologist.









Flow chart 2. 
Pathway for Pacemaker Patients Undergoing radiotherapy
Newly implanted device (<6 weeks post implant)
Chronic implant (>6-week post implant) with no known device issues
Chronic implant with known device issues
Informed by radiology planning that pacemaker patient is due to have RT treatment
Device check ASAP.
Device should have been checked within 3 months prior to RT. This may or may not be done on the same day at the first radiotherapy appointment
Device check post last treatment 
 No 2-week check needed
Significant device issues which may compromise RT
Device function OK. 
Radiation physics dose estimate
Discussion with Consultant Cardiologist
> 5Gy to PPM or 2 – 5Gy and PPM dependant
2-5Gy to PPM, not PPM dependant
<2Gy to PPM
Check date of last follow up. If within 3 months of proposed treatment start, no appointment is necessary.
This should be checked and recorded by a senior physiologist. If last device check was >3months ago, additional check will be arranged
Device check pre-RT on same day as first treatment increase outputs to 5V
Device check post-RT on same day as last treatment outputs left at 5v)
2-week post RT check – either at DCH or usual follow up centre (outputs reduced)
Individual case reviewed.
If decision to proceed to RT, then checks to be decided on case-by-case basis.
Any possible RT induced device dysfunction to be discussed with senior pacing physiologist/cardiologist. Additional checks should be made if there is any suspicion of RT induced dysfunction.
Any explanted devices to be sent to company for analysis and reported to MHRA.
Usual follow up centre to be notified regarding radiotherapy treatment and additional checks
If different from follow up centre, request notes. Temporary notes started

Flow Chart 3. Pathway for ICD Patients Undergoing RadiotherapyInformed by radiology planning that ICD patient is due to have RT treatment
If from different follow up centre, request notes. Temporary notes started
If new implant (<6 week) then check ASAP
Arrange for physiologist staff to deactivate device during each radiotherapy session
Radiation physics dose estimate
Discussion with cardiologist/senior pacing physiologist
Significant issues with device function which may compromise RT
> 0.5Gy to ICD
<0.5Gy to ICD
ICD therapies to be turned off for every treatment
Documentation for turn off/turn on of therapies to be printed at each check
Prior to first treatment, a full check should be performed. If feasible, this can be done in the radiotherapy department just prior to treatment. If not, a separate appointment in the device’s clinic should be made just prior to the first treatment
Post last therapy full check, and 2-week post RT check if over 0.5Gy – either at DCH or usual follow up centre
Any possible RT induced device dysfunction to be discussed with senior pacing physiologist/cardiologist
Any explanted devices to be sent to company for analysis and reported to MHRA.
Usual follow up centre to be notified to radiotherapy treatment




Agreed methods of communication
Due to the multi-departmental approach to this subset of patients, effective communication between all parties is vital to delivering a safe and efficient service. As laid out in the patient pathway, the process is initiated by the radiotherapy department once a cardiac device patient has been identified. This is then communicated to the cardiac device team who will make the appropriate appointments. As above, to ensure that all the relevant information is provided a form has been designed to be completed by the radiotherapy department (appendix B)
The most effective way of communication is via trust e-mail. As part of this protocol, the cardiac device team will provide a mailing list of all nominated physiologists/admin staff who are to deal with the booking of patients – appendix A (this should be updated when necessary and reviewed at the same time as this protocol). 
Once the appropriate device check appointments have been made, a confirmation email will be sent to both the radiotherapy planning department and the radiation physics department. This will include the time(s) of the device clinic appointments that have been made. If an additional appointment is needed, the device clinic will contact the patient with the time of their device appointments – this may or may not be on the same day as their first treatment.
If a device patient becomes symptomatic during treatment, and there is any suspicion that there is a device malfunction, the radiotherapy team should contact the devices team urgently via the agreed methods.
CRM clinic documentation 
Once a patient has been identified then Cardiology will start a Radiotherapy Protocol Form – Pacemaker (Appendix D) or Radiotherapy Protocol Form – ICD (Appendix E) while the patient undergoes RT. Once the patient’s treatment has finished then these forms should be scanned and attached to the patients electronic CIED record. If a patients ICD is to be switched off and on for every radiotherapy session then Appendix F form should be used to document this process.

9.Review
The review date for this protocol will be yearly.
10.References
Goodman, S. (2015) Management of cancer patients receiving radiotherapy with a cardiac implanted electronic device: A clinical guideline.




Appendix A. Mailing List for Cardiac Device Clinic
Add email addresses of recipients in cardiac device clinic
For appointments – radiotherapy appointments email address
Issues with planning scans and patients due to start treatment – radiotherapy planning email address
Patients on treatment and after completion of treatment – lead radiotherapy radiographer email address






















Appendix B 
Template E-mails
From radiotherapy department:
Dear Cardiac Devices Team,
The below patient has been referred for radiotherapy. It has been indicated on their EPF that they have an implanted cardiac device.
As part of the agreed protocol, please also find the following information:
Treatment schedule -
Treatment site - 
Type of cardiac device (i.e. ICD or pacemaker) if known -
Usual follow up centre for the patient’s cardiac device –
Please can you make the relevant appointment for this patient in respect to the proposed treatment.
The physics department will also be in touch shortly to provide a dose estimate to the device.
Kind regards,

Radiotherapy Bookings Team











Appendix C
Radiotherapy Device Check Report
Patient currently undergoing Radiotherapy at Dorset County Hospital
Device check performed as per Dorset County Hospital Radiotherapy protocol
Normal pacemaker function observed in clinic
No significant change in battery data compared to last check
No device electrical reset or interference stored on device
Stable lead trends and lead measurements within normal parameters


















Appendix D
Radiotherapy Protocol Form – Pacemaker
Patient details
	Name
	

	Hospital Number
	

	DOB
	

	Follow up centre
	

	Device Manufacturer
	



Treatment details
	Date notified
	

	Treatment area
	



Total Dose to Device
	<2Gy				 2-5Gy						>5Gy


PPM Dependant
YES    /    NO          Delete as appropriate

Check Schedule
	
	Required?
	Date of Check
	Booked?
	Completed?

	Pre First
	Yes
	
	
	

	Post Last
	Yes
	
	
	

	2 week post last
	Only if dose >2G
	
	
	



Following last session:
Notify radiotherapy treatment to normal follow up centre. Transfer back to normal follow up centre for 2 week post check (if required.)
Additional information after discussion with Cardiologist
Appendix E
  Radiotherapy Protocol Form – ICD
Patient details
	Name
	

	Hospital Number
	

	DOB
	

	Follow up centre
	

	Device Manufacturer
	



Treatment details
	Date notified
	

	Treatment area
	



Total Dose to Device
	<0.5Gy					>0.5Gy

Radiotherapy schedule received and photocopied?

Check Schedule
	
	Required?
	Date of Check
	Booked?
	Completed?

	Pre First (can be done at same time as treatment)
	Yes
	
	
	

	Post last (can be done at same time as treatment)
	Yes
	
	
	

	2 week post last
	Yes
	
	
	



ICD therapies to be turned off for every treatment
Documentation for turn off/turn on of therapies to be printed at each check
Additional information after discussion with Cardiologist
Appendix F
Record Sheet for Activation/Deactivation of ICD During Radiotherapy
	
Date
	Time
	Physiologist
	ICD switched off
	ICD switched on
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