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Introduction
• Average life expectancy of Americans 

has increased from 70.1 (1960 – 65) to 
78.1 years (2000 – 05).

• Number of CIED patients presenting for 
RT has steadily increased.

• Current guidelines are conservative and 
at times conflicting

• Some vendors recommend no radiation 
to CIED
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Implanted Cardiac Devices
• Implanted cardiac 

pacemakers – ICPs
provide small electrical stimuli to 
case cardiac contraction during 
periods of bradycardia, when the 
intrinsic electrical activity of the 
heart is slow or absent.

• Implanted cardioverter
defibrillators – ICDs
generate a large amount of 
electrical energy in a single output 
used to defibrillate the heart and 
prevent cardiac arrest.

Types of ICPs and ICDs
• ICPs

• Single-Chamber: single lead that paces either the 
RT ventricle or RT atrium. 

• Dual-Chamber: 2 leads, 1 in the RT atrium and 1 in 
the RT ventricle to coordinate signals to and 
contractions of the atria and ventricles.

– Biventricular: 1 RT ventricular lead and 1 LT 
ventricular lead to stimulate simultaneous 
contraction of LT/RT ventricles for more efficient 
pumping action.

• ICDs
– Single lead with two shock coils. 

ICDs

ICPs

single-chamber

dual-chamber biventricular

Sources of potential malfunctions 
during RT processes
• Imaging for treatment planning (CT mostly).
• Imaging for Image Guidance (CT, MV, EMI)
• RT treatment delivery (photons, protons, 

neutrons, particles)
• Use of high energy photons, E ≥ 10 MV
• Dose rate?
• IMRT, SBRT, VMAT, FFF beams, etc.

Sensitivities & potential 
failures
• 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 post-treatment)

– Erroneous or failed sensor operation 
(including heartbeat sensing functions)
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Sensitivities & potential 
failures
• 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 post-treatment

Sensitivities & potential failures
• 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

• 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

• ICDs
• Possible re-programming, transient effect

TG34: Management of Radiation Oncology Patients 
with Implanted Cardiac Pacemakers (1994) Observations: AAPM TG34

• Recommendations were based on older technology 
cardiac devices (pacemakers only).

• Considered older data on radiation interactions and for 
older treatment techniques and delivery methods.  

• Since 1994, numerous investigations published in 
literature have dealt with pacemakers and defibrillators 
during radiation therapy treatments. 

• More detail measurements and computations of out-of-
field doses have been performed that would allow a 
more direct estimation of the cumulative doses 
deposited to these implanted devices (AAPM TG-158).
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From Med Phys Listservs Survey of RT Clinics
A survey by Solan et al [IJROBP, 2004] of practice patterns 
among 74 RT clinics in the USA and Canada 

• 12% of the clinics have no management policy 
• 15% have a management policy 
• 37% of the clinics consult a cardiologist and 33% of 

them contact the ICP/ICD manufacture  
• 20% of the clinics perform TLD/diode check 

measurements and 35% of them monitor the patient 
during RT 

• 31% of radiation administering facilities limits the total 
allowable dose exposure, 

• 20% of them follow the AAPM TG-34 guidelines  

• 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 exist: 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

Major issues with cardiac devices 
in the clinic Dose rate study • Solan et al. [IJROBP, 2004]

• Sundar et al. [Cancer Treat Reviews, 2005]

• Hurkmans et al [IJROBP, 2005]

• Kapa et al [PACE, 2008]

• Gelblum et al [IJROBP, 2009]

• Hudson et al [Med Imag and RO, 2010] and Seojeima et 
al [J. Radiat Res, 2011]

Recent Review Articles

Limit: 2 Gy scattered dose ICP
1 Gy scattered dose ICD

Limit: 2 Gy scattered dose

Limit: < 1.5 Gy scattered dose

Avoid direct beam exposure

Advocate < 10 MV beams (15MV, single event upset)

Limit: 2 Gy scattered dose ICP
1 Gy scattered dose ICD
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Case reports of failures Case reports of failures

Case reports of failures Case reports of failures
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Case reports of failures in CT Single Upset Events

Grant et al, AMA Oncol (2015).

We learned……

Clearly defined and up-to-date 
guidelines and uniform approach to 
the management of RT patient with 
implanted cardiac pacemakers is very 
much needed.  

New Task Group – AAPM TG 
203
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Check list for patient management
• Initial Consultation

– Cardiac Device (CD) alert added to patient’s chart
– Copy of CD card made and filed in patient’s chart
– Appointment with Cardiac Electrophysiology (EP) 

scheduled

• Simulation Check
– Patient should be evaluated by EP to verify dependence 

on device      
– Verify CD alert added to patient’s chart 
– Verify treatment planning directive completed by 

physician
– Note added to planning directive to only use 6X 

photons 
– Contact vendor for dose limit recommendations

– Verify only 6X photons used for treatment   
– Estimate dose/fraction
– Verify proximity of treatment fields to device
– Add note to patient’s chart to place in-vivo 

dosimeter prior to fraction #1
– Verify/adjust imaging fields do not irradiate 

device.

Treatment planning check

Treatment planning-dose estimation
• Contour the cardiac device (if possible: leads, 

body, electrodes).
• Select appropriate treatment technique: 

modality, energy, beam angles, etc.
• Maximize distance of device from beam(s) 

borders-only scattered radiation to the 
device.

• Utilize independent collimators, dynamic 
wedging, MLCs, etc – to reduce dose to device.

• Determine device dependence of patient. (risk 
of serious injury or death due to sudden device 
failure)

targetbody

lead
• Inform Rad-Onc physician 
• Contact EP to inform them of dose and discuss 

monitoring strategy
• Move device-- Risk of infection??
• Adjust monitoring frequency
• Schedule EP follow on-set for all treatment 

fractions 
• Monitoring post treatment

Dose to pacemaker > 2 Gy
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TG203: patient management: 
patient oriented risk categories
• The patient’s risk is not equal to the risk of a CD defect
• The chance on CD malfunction mainly increases with 

dose and is not accurately known
• A practical guideline will be easier to implement 

< 2 Gy 2‐5 Gy >> 5 Gy

pacing‐
independent 

Low risk Medium risk High risk

pacing 
dependent

Medium risk Medium risk High risk

Thank You


