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WHAT IS IN THIS PRESENTATION?

� Types of ICDs and ICPs.

�Current guidelines – protocol (TG-34).

�What are the issues with cardiac device and 
radiation deliveries?  

�Review of literature since TG-34 area.

� Failures – case reports and scattered 
guidelines.

� Sensitivities and potential failures.

�Cardiac devices and RT patients.

�Dose estimation. During RT processes.

�Recommendations.

PRIMARY DEVICES INVESTIGATED

� Implanted cardiac pacemakers – ICPs

� Implanted cardioverter defibrillators - ICDs

single-chamber

dual-chamber biventricular

ICD

ICDs

ICPs

TG34: Management of Radiation Oncology Patients with 

Implanted Cardiac Pacemakers (1994)

FROM MED PHYS LISTSERVS MAJOR ISSUES WITH CARDIAC DEVICES AND

RADIOTHERAPY EQUIPMENT

� 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, other??

Dose rate study
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RECENT REVIEW ARTICLES

Limit: 2 Gy scattered dose

RECENT REVIEW ARTICLES

Limit: 2 Gy scattered dose

RECENT REVIEW ARTICLES

Limit: <1.5 Gy scattered dose

RECENT REVIEW ARTICLES

RECENT REVIEW ARTICLES

Single-event upset

RECENT REVIEW ARTICLES
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RECENT REVIEW ARTICLES

Limit: 2 Gy scattered dose ICP

1 Gy scatter dose ICD

RECENT REVIEW ARTICLES

Limit: 2 Gy scattered dose IDP

1 Gy scattered dose ICD

CASE REPORTS OF FAILURES CASE REPORTS OF FAILURES

CASE REPORTS OF FAILURES CASE REPORTS OF FAILURES
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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

HEART AND RHYTHM SOCIETY CONSENSUS STATEMENT (2011)

NEW TASK GROUP – AAPM TG 203
SENSITIVITIES AND 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 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

� ICDs

� Possible re-programming, transient effect

SOURCES OF POTENTIAL MALFUNCTIONS FOR

ICDS & ICPS DURING RT PROCESSES

� 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, etc.

� Other…

PERIPHERALDOSES IN PHOTON BEAMS
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DOSE ESTIMATION: PHOTON OUT-OF-FILED DOSE

Courtesy of S. Kry

1995

� Dose decreases       ~ 

exponentially away from 

edge of field

� � with field size

� Const. with energy

� Const. with depth
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Wedges

Physical wedges � increase out 

of field dose by 2-4 times (Sherazi et 
al, 1985, Int J Radiat Oncol Biol Phys)

Dynamic or universal wedges �

no increase (Li et al, 1997, Int J Radiat
Oncol Biol Phys)

MLC

Secondary MLC � no impact on 

out-of-field dose (Mutic et al, 2002, J 

Appl Clin Med Phys)

Tertiary MLC is extra shieding

� decrease out of field dose by 

30-50% (Stern, 1999, Med Phys)

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

WHAT ABOUT IMRT?
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WHAT ABOUT SBRT AND FILTER-FREE BEAMS?

DOSE ESTIMATION: PROTON OUT-OF-FILED DOSE

� How much dose equivalent is there?

Xu, 2008, Phys Med Biol

Variations in beam 
parameters

Beam energy, SOBP,     
aperture, air gap

Variations in experimental 
design
Size and material of
phantom, manufacturer of
accelerator

Challenges in Dosimetry
Lack of high energy
response 

Unique machines

Courtesy of S. Kry

Conventional photon therapy

•Photons: 

•More dose near 

treatment field

•Comparable dose 

beyond 10-20 cm 

from field edge

CHECK LIST FOR PATIENT MANAGEMENT

� Initial Consultation

� CIED alert added to patient’s chart

� Copy of CIED card made and filed in patient’s chart

� Appointment with Cardiac Electrophysiology (EP) 
scheduled

� Simulation Check

� Patient was evaluated by EP to verify dependence on 
device      

� Verify CIED alert added to patient’s chart 

� Verify treatment planning directive completed by 
physician

� Note added to planning directive to only use 6X photons 
and avoid wedges where possible

� Contact vendor for dose limit recommendations
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� Planning check

� Verify only 6X photons used for treatment   

� Estimate dose/fraction

� Verify proximity of treatment fields to device

� If edge of field > 20 cm, then no further action necessary.  

� If edge of field < 20 cm, then continue with checklist.

� Add note to patient’s chart to page to place in-vivo dosimeter 

prior to fraction #1

� Verify/adjust imaging fields do not irradiate device.

� If device is in imaging field, use kV imaging where possible.

� If fields adjusted, add note in chart to indicate appropriate 

field size for imaging. 

� First day of treatment

� Place in-vivo dosimeter on CIED at closest approach to 

treatment field edge.

� Verify imaging field does not irradiate CIED

� Read dosimeter and generate summary of reading for physician

� Dose to pacemaker > 2 Gy (?)

� Inform Rad-Onc physician 

� Contact EP to inform them of dose and discuss 

monitoring strategy

�Move device 

�Adjust monitoring frequency

�Schedule EP follow on-set for all treatment 

fractions 

�No monitoring necessary
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