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COMMENTS

Malfunctions of Implantable Cardiac Devices in
Patients Receiving Proton Beam Therapy:
Incidence and Predictions

In Regard to Gomez et al

To the Editor: I read with great interest the article by Gomez
et al (1), a great presentation of a survey of single-institution
clinical cases regarding the noted failures of cardiac implan-
ted electronic devices (CIEDs) of patients treated with proton
beam therapy (PBT) and for various treatment sites. It is true
that this article presents the largest series of CIED (42 patients
with pacemakers and/or defibrillators) malfunctions in patients
undergoing PBT, since the report by Oshiro et al (2) in 2008
where 8 patients with only pacemakers were considered. The
observations and analysis by Gomez et al (1) are very useful to
facilities that offer PBT in assisting the implementation of
institutional guidelines for treating patients with CIEDs. Based
on the observations reported by this study, all 4 patients who
experienced device reset were receiving thoracic irradiation
with passive scattering proton beam and at different dose levels
(see Table 2 in Reference [1]). The authors concluded that
although quantitative threshold distances and doses cannot be
used for guidelines, the effect of neutron scatter on CIEDs
seems to be minimal for treatment fields farther than 30 cm
from the CIED. Then, they recommended that thoracic PBT be
avoided for pacing-dependent patients. One possible explana-
tion of what the authors observed in their study is that inas-
much as passive scattering mode was used for the thoracic
treatments only (according to their descriptions), I would
expect the out-of-field neutron scatter to be larger by a factor of
30 to 45 in the entrance region, with this factor decreasing with
depth, when compared with out-of-field neutron scatter from
the active scanning mode (3). For passive scattering systems,
neutrons are generated in the treatment head, beam modulators,
scattering devices, and patient-specific apertures or compen-
sators and are the dominant contribution to the total dose
downstream from the Bragg peak and out of field (3). The field-
defining aperture dominates as a secondary neutron production
source because of its proximity to the patient, making the
neutron dose dependent on the ratio of field size to aperture
opening (4). The out-of-field patient neutron dose increases
with beam range/energy and treatment volume (4, 5). Active
and modulated scanning systems do not require scattering de-
vices in the treatment head or patient apertures; as a result, the

secondary neutron production in the treatment head is reduced,
the majority of neutrons being generated in the patient’s body
(3, 4, 6). Because the devices’ resets are due to the scattered
neutron production and are random events and do not correlate
to the total delivered dose, patients with CIEDs receiving PBT
can potentially be treated in the same way as those patients
receiving high-energy photon therapy (E > 10 MV), as sug-
gested by Hurkmans et al (7) and Makkar et al (8).

In conclusion, I would like to commend the authors for
contributing this institutional study and analysis to the limited
literature on this subject.

Dimitris N. Mihailidis, PhD
Charleston Radiation Therapy Consultants, PLLC

Charleston, West Virginia

http://dx.doi.org/10.1016/j.ijrobp.2013.11.240

References

1. Gomez DR, Poenisch F, Pinnix CC, et al. Malfunctions of

implantable cardiac devices in patients receiving proton beam

therapy: Incidence and predictions. Int J Radiat Oncol Biol Phys

2013;87:570-575.

2. Oshiro Y, Sugahara S, Noma M, et al. Proton beam therapy interfer-

ence with implanted cardiac pacemakers. Int J Radiat Oncol Biol Phys

2008;72:723-727.

3. Classie B, Wroe A, Kooy H, et al. Assessment of out-of-field

absorbed dose and equivalent dose in proton fields. Phys Med Biol

2010;37:311-321.

4. Xu XG, Bednarz B, Paganetti H. A review of dosimetry studies on

external-beam radiation treatment with respect to second cancer in-

duction. Phys Med Biol 2008;53:R193-R241.

5. Zacharatou Jarlskog C, Lee C, Bolch WE, et al. Assessment of organ-

specific neutron equivalent doses in proton therapy using computa-

tional whole-body age-dependent voxel phantoms. Phys Med Biol

2008;53:693-717.

6. Schneider U, Agosteo S, Pedroni E, et al. Secondary neutron dose

during proton therapy using spot scanning. Int J Radiat Oncol Biol

Phys 2002;53:244-251.

7. Hurkmans CW, Knegjens JL, Oei BS, et al. Management of radi-

ation oncology patients with a pacemaker or ICD: A new

comprehensive practical guideline in The Netherlands. Dutch So-

ciety of Radiotherapy and Oncology (NVRO). Radiat Oncol 2012;7:

198.

8. Makkar A, Prisciandaro J, Agarwal S, et al. Effect of radiation therapy

on permanent pacemaker and implantable cardioverter-defibrillator

function. Heart Rhythm 2012;9:1964-1968.

Int J Radiation Oncol Biol Phys, Vol. 88, No. 3, pp. 753e754, 2014
0360-3016/$ - see front matter � 2014 Elsevier Inc. All rights reserved.

Radiation Oncology
International Journal of

biology physics

www.redjournal.org


