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The report was endorsed by the
European Society for Radiotherapy
and
Oncology (ESTRO)-Advisory
Committee on Radiation Oncology
Practice
(ACROP).
†

Intention:
1) Provide an up-to-dated
comprehensive guidance,
2) Provide initial mechanism of
communication between
professionals in the RT and
cardiac rhythm
management.
3) Approach the issue through
patient management instead
of device management.
4) Provide guidance for
development of institutional
policies based on available
resourses.
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Dose rate study-2002

4

Main points:
 6% of directly irradiated
devices failed at <5Gy.
 32% failed at <50Gy.
 8% failed at 1-2 Gy.
 Impossible to isolate EMI
to other radiation
effects.
 Cumulative dose risk is not
stochastic, variability in
sensitivity is device
dependent.
 Cumulative dose threshold
settings are challenging.

Cumulative dose-Risk
• Hurkmans 2005, Hurkmans 2005, Uiterwaal 2006,
Mollerus 2014
– Just 6 MV beams.
• Gomez 2013 and Grant 2015
– Mixed cumulative dose and high photon energies

Failed by 5 Gy

Failed by 50 Gy

ICPs

0/19 (0%)

2/19 (11%)

ICDs

3/30 (10%)

10/19 (53%)

Total

3/49 (6%)

12/38 (32%)

High doses often lead to device failure – relatively severe risk
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Malfunction risk associated with
clinical procedures
 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…
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Out-of-Field Photon Beams
Out of Field-Peripheral Doses

>30cm:HL Dominates

Head Scatter (HS)

+
Head Leakage (HL)

≈30cm: HS<HL=IS

+
Internal (patient) Scatter
(IS)

10-20 cm: IS Dominates,
HS>HL
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Out-of-Field Doses: Options
 Estimation

• Lookup tables/graphs

 Calculations
 Measurements
• In-Vivo Dosimeter
• Phantom measurements
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Dose Estimation: Photon out-of-field dose
▪

▪

▪
▪

Dose decreases
~
exponentially away from
edge of field

1995

Wedges
Physical wedges ➔ increase out
of field dose by 2-4 times (Sherazi et

 with field size

al, 1985, Int J Radiat Oncol Biol Phys)

Dynamic or universal wedges ➔
no increase (Li et al, 1997, Int J Radiat
Oncol Biol Phys)

Const. with energy
Const. with depth

MLC
Secondary MLC ➔ no impact on
out-of-field dose (Mutic et al, 2002, J
Appl Clin Med Phys)

Tertiary MLC is extra shielding
➔ decrease out of field dose by
30-50% (Stern, 1999, Med Phys)
Courtesy of S. Kry
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Doses out-of-field: TG158 (2017)
Photons 3D

IMRT
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What about SBRT and filter-free beams?
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Dose Estimation: Proton out-of-field dose


How much dose equivalent is there?

TG-158

Conventional photon therapy
Variations in beam parameters
•Photons:
Beam energy, SOBP,
•More
doseair
near
aperture,
gap
treatment field
•Comparable
dose
Variations
in experimental
design
beyond
10-20
Size and
material
of cm
from
field edge of
phantom,
manufacturer
accelerator
Challenges in Dosimetry
Lack of high energy
response
Unique machines

Courtesy of S. Kry

Xu, 2008, Phys Med Biol

12

Dose Calculation: Photon out-of-field dose
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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.
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Device dose assessment/TPS-calculations
 Use the TPS calculated dose
• Dose calculation won’t be highly accurate because it will not
capture the low-energy of the scattered radiation interacting with
the high-Z of the CIED
• Don’t worry about this issue (e.g., by over-riding the HU of the
device). Just calculate dose normally in the TPS to the CIED
contour.
– Can still over-ride e.g., missing tissue

 The TPS is only suitable for assessing dose to the device
within 3 cm of the treatment field (below the 5% isodose
line)
 Further out, the dose estimates are wrong, typically
underestimating dose by 50%, with increasing error as the
distance increases.
 Don’t use the TPS beyond 3 cm/5% isodose.
Slide courtesy of S. Kry
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Device dose assessment-Measurement
 Energy:
• Out-of-Field energy spectrum of a 6MV averages 200400 keV.
• Overresponse of dosimeters
• Need flat energy response or well-known correction
factor.
• Calibration at ~1cm depth, >5cm from field border in
reference to a 10x10 at beam calibration conditions.

 Depth:

• Avoid surface measurement-use 0.5-1 cm bolus in
practice.

 Detectors:

• Use appropriate detector for in-vivo
– Refer to TG-203
– New guidance TG-191
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Device dose assessment-in vivo
 3-10 cm from field edge
 Measure the dose to the device
• Select an appropriate dosimeter, consider necessary corrections
• Put bolus over detector

 Most measurement errors/shortcuts will lead to
overestimate of dose
• Acceptable as long as patient is placed in appropriate risk category

 There is elevated dose at the
surface (by a factor of >2)
 CIEDs are typically located
1-3 cm below skin
 To get reasonable dose
measurement, cover device
in bolus (~1cm)
Slide courtesy of S. Kry

Kry et al, Med Phys, 2006
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 Wallace Robert and other examples
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Device dose assessment
 Beyond 10 cm from the field edge:
 Dose almost certain to be less than 2 Gy
• Use clinical judgement. If there are vertex fields pointed
straight at the device it may still warrant a measurement.

 Don’t generally need to worry about the dose at
this distance (>10cm)
 No further assessment necessary

Slide courtesy of S. Kry
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device

device

X-axis: distance (cm)

Mihailidis et al., private communication
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Additional dose assessments
 Imaging and Image Guidance
• CT simulation: Transient effects
• IG during RT: Refer to TG-75 and TG-180 for dose assessment
– Imaging dose can vary from tenths of cGy to >10cGy per fraction
depending on what kind of imaging is used (need for image parameter
optimization)

 Brachytherapy
• Mostly for breast brachytherapy, dose can reach >100cGy at 10cm
from a breast applicator.
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Recommendations-Summary
• CT imaging using limited couch movement or no couch motion
should be avoided to prevent long (>3s) periods of direct
irradiation of the device.
• Lower dose-rates are preferred (higher are not prohibitive).
• The generator for the device should be kept at least 5cm
from the collimated field edge if possible, including imaging
fields
• Appropriate beam angles should be selected increase the
distance between the field edge and the CIED.

• Perform in-vivo dosimetry for the first fraction (at the
minimum) if the device is <10 cm from treatment area.
• The TPS can be used in lieu of a measurement if the device is
within 3 cm (laterally) of the field edge (50% isodose line ).
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THANK YOU
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