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Current guidelines – protocol (TG-34). 

What are the issues with cardiac devices 
and radiation deliveries?   

Literature review (“recent”) since TG-34 era 
(1994-2017). 

Failures – case reports. 

Scattered guidelines in literature. 

Sensitivities and potential failures. 

Cardiac devices and RT patients. 

What is in this presentation? 
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TG34: Management of Radiation Oncology Patients with 

Implanted Cardiac Pacemakers (1994) 

6 

 In spite of availability of TG-34 and other reports in 

literature, major discrepancies still exist among 

manufacturers’ recommendations and wide 

variations exist among RT facilities regarding patient 

management and guidelines. 

 Contradictory information exists: some devices have 

undergone deleterious effects at 0.15Gy (0.2Gy/min) 

while others have shown tolerance up to 20Gy or 

more dose? 

 Interference with EM components, (partial) exposure 

to direct radiation, exposure to scattered radiation 

within the patient, other?? 

Major issues with cardiac devices and 

radiotherapy equipment Dose rate study 
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Recent Review Articles 

Limit: 2 Gy scattered dose 
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Recent Review Articles 

Limit: 2 Gy scattered dose 
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Recent Review Articles 

Limit: 1.5 Gy scattered dose 
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Recent Review Articles 

2008 
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Recent Review Articles 

2009 
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Recent Review Articles 

Limit:  2 Gy scattered dose ICP 

 1 Gy scattered dose ICD 

2010 
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Recent Review Articles 

Limit: 2 Gy scattered dose IDP 

 1 Gy scattered dose ICD 

2011 
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Case reports of failures-Direct Irradiation 

2000 
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What about the neutrons? 
 
 

 
 
Secondary from high-energy photon beams, 
proton beams, etc 
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Case reports of failures 
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Secondary Neutrons-Single Center Experience 

Single-event upset 
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Secondary neutrons 
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Secondary neutrons 
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Secondary neutrons-Single center experience 
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Secondary neutrons 
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Case reports of failures (neutrons, particles) 

a catastrophic malfunction of ICP (its programming code 

was significantly corrupted) after neutron therapy, at a dose 

level of 900 cGy . 

ASTRO 2010 
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Case reports of failures (Protons) 
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Case 

reports of 

failures 

(Protons) 
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Case reports of failures in CT 
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Heart and rhythm society consensus statement 

5Gy limit (2011) 
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 Permanent damage from accumulated dose  circuitry is degraded in proportion to accumulated 

dose: 

• Decrease of output amplitude 

• Increase current drain (not obvious-can lead to sudden failure within months past RT) 

• Erroneous or failed sensor operation (including heartbeat sensing functions) 

 Upsets in memory or logic circuits caused by neutrons-SOFT ERRORS:  

• Changes in stored values in memory or transient changes in micro-processor circuitry 

• May not be functionally recoverable 

• Reset of the device  reversion to default parameters 

• Rare cases where reset may delay for hours or even weeks past RT. 

 Transient interference from high-dose-rate x-rays (not EMI): 

• Transient effect-no permanent damage, unless accumulated dose is high 

– Inappropriate sensing of device that lead to ICD shock 

– Non-existent pacing output 

– Reset or other effects 

 Electromagnetic interference (EMI) are minimal and of transient nature: 

• ICPs 

– May sense the field as myocardial potential  inhibition of output 

– Inappropriate re-programming 

– Shut off reed switch  fixed pacing 

– Triggering of output 

Sensitivities and potential failures 

• ICDs 

• Possible re-programming, transient 

effect 
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 Imaging for treatment planning (CT mostly). 

 Imaging for Image Guidance (CT, Rad., EMI) 

 RT treatment delivery (photons, protons, neutrons, 

particles, other) 

Use of high energy photons, E>10 MV? 

Dose rate? 

 IMRT, SBRT, VMAT, FFF beams 

HDR, breast, MammoSite® 

Other… 

Sources of potential malfunctions for 

CIEDs during RT processes 
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TG-203  
RECOMMENDATIONS 

coming up….. 
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THANK YOU 
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