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Abstract
It is well known that radiotherapy causes malfunctions of cardiac implantable electronic devices such as pacemaker (PM)
and implantable cardioverter-defibrillator because of incidental neutron production. Here, we report our experience with two
cases of PM reset among seven patients with PMwho underwent proton beam therapy (PBT) from January 2011 to April 2015 at
our centre. Our experience shows PM reset can occur also with abdominal PBT. In both cases, PM reset was not detected by
electrocardiogram (ECG) monitoring but was rather discovered by post-treatment programmer analysis. Our cases suggest that
PMmalfunction may not always be detected by ECGmonitoring and emphasize the importance of daily programmer analysis.

INTRODUCTION
It is well known that ionizing radiation can damage cardiac im-
plantable electronic devices (CIEDs) due to incidental neutron
production by nuclear fragment reaction, which may result in a
loss of cardiac function [1, 2]. In photon radiotherapy, it has
been reported that beam energy and the locations of tumours
are risk factors for device malfunction [3]. However, there have
been no large clinical studies to investigate the influence of pro-
ton beam therapy (PBT) on CIED malfunction. Therefore, CIED-
dependent patients with malignancies may face unexpected
clinical challenges fromPBT. In this context,we report our experi-
encewith two cases of pacemaker (PM) reset that occurred during
PBT.

CASE REPORT
The characteristics of seven patients with PMs who underwent PBT
atourcentre fromJanuary2011 toApril 2015arepresented inTable1.
Among these, we experienced 2 (28.6%) PM resets during PBT.

Case 1

This patient was an 87-year-oldmale diagnosedwith primary lung
carcinoma in the right lower lobe with a clinical Tumor-Node-
Metastasis (TNM) stage of T2bN2M1a according to the Union for
International Cancer Control (UICC); he underwent PM implant-
ation (EnRhythmTM; Medtronic, MN, USA) in the left infraclavicular
region for sick sinus syndrome (SSS) at the age of 83 years (Fig. 1).
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The pacing mode was AAIR⇄DDDR. The pacing rate was low
with an atrial sense–ventricular sense (AS–VS) of 77.2%, atrial
sense–ventricular pacing (AS–VP) of <0.1%, atrial pacing–ven-
tricular sense (AP–VS) of 22.7% and atrial pacing–ventricular pa-
cing (AP–VP) of <0.1%.

Before treatment, we performed a phantom simulation using
the same PMmodel as that implanted in our patient andmeasured
neutron dose (Fig. 2). The measured neutron dose (154.6mSv) was
within the estimated values at simulation (158.4 mSv), and we
found no abnormality in PM function. A total of 66 GyE was admi-
nistered in 10 fractions at three different angles in 210-MeV proton
beams (Fig. 3). The pacing leads were partially irradiated with one
proton beam.Wemonitored the electrocardiogram (ECG) through-
out irradiation during every treatment but found no abnormality.
After the completion of PBT, a change in the PM mode from
AAIR⇄DDDR to VVI was detected through programmer analysis
on the final treatment day. Retrospectively, the date of the mode
change corresponded to the time of irradiation (Treatment Day
8), although no ECG change was observed pre- or post-treatment
in the recorded waveforms (Fig. 4). This patient remained asymp-
tomatic after PM reset.

Case 2

This patient was a 72-year-oldmalewith pancreatic cancer (UICC
TNM stage T3N0M0). We planned 50 GyE in 25 fractions from two
different angles to deliver proton beams of 210 and 150 MeV
(Fig. 5). This patient also had a previous history of SSS and im-
plantation of PM (IDENTITY® ADx; St. Jude Medical, CA, USA)
via the left subclavian approach 6 years ago. The PM mode was
originally programmed to DDD. He was not completely depend-
ent on pacing (AS–VS, 61%; AS–VP, 1%; AP–VS, 34% and AP–VP,
4.8%). We simulated a phantom study in the same way as per-
formed in Case 1. The measured dose of neutrons (96.4 mSv)
fell well within the estimated values (103.2 mSv), and a PM
reset occurred in the simulation. Accordingly, we performed pro-
grammer analysis during each step of treatment, which revealed
that the reset of the device occurred after Treatment Day 13. Pro-
grammermessage indicated a reset of the device. Aswith the first
case, there was no change in the ECG pattern of this patient
(Fig. 6). Because this was an emergency event, the patient was
transported to a cardiac specialty hospital and returned to our
centre with the PM settings recovered. After a discussion with

Figure 1: Chest radiograph of Case 1 before PBT. PM is implanted in the left

infraclavicular region. The arrow indicates the primary lesion of lung tumour.

Table 1: Characteristics of patients with PMs who underwent PBT

Sex Age Tumour location Field-to-generator
distance (cm)

Heart disease PM manufacturer PM mode PM malfunction

M 75 Prostate >50 Complete A–V block Medtronic DDD None
M 74 Prostate >50 Complete A-V block Boston Scientific DDD None
M 90 Lung 18 CHF, OMI Boston Scientific DDDR None
M 78 Larynx 13 SSS St. Jude Medical DDD None
M 87 Lung 24 SSS Medtronic AAIR⇄DDDR Yes
M 72 Pancreas 30 SSS St. Jude Medical DDD Yes
M 85 Lung 17 Complete A–V block Medtronic DDD None

CHF, congestive heart failure; OMI, old myocardial infarction; SSS, sick sinus syndrome.

Figure 2: Phantom simulation tomeasure neutron dose using a pocket dosimeter.

The PM model and settings were the same as that for this patient. The PM leads

were partially exposed to one beam, whereas the PM generator was not directly

irradiated.
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the attending cardiologists, we continued the treatment regimen
and experienced no problems with PM; we then completed the
planned schedule.

DISCUSSION
Although we confirmed the safety of PMs in these patients
through phantom studies andmonitored ECGs during treatment,
PM reset occurred and we did not realize the mode change of PM
for an entire 2 days in the first case. In the second case, we pre-
pared for PM reset during treatment through the simulation,
and one actually happened. We believe our simulation to expect
the PM reset is effective. However, in both cases, PMmalfunction
was not detected by ECGmonitoring butwas rather discovered by
programmer analysis. Fortunately, neither of the patients experi-
enced a severe event as both had sustainable heart rates.

Moreover, neither experienced an additional reset event during
the remaining treatments, and both PMs continued functioning
properly after reprogramming.

There is little information about the effect of PBT on PM func-
tion. Oshiro et al. reported thatminor PMmalfunction occurred in
2 of 8 patients (25%) receiving high-energy PBT [4]. In addition,
Gomez et al. reported that the frequency of CIED reset was ∼20%
among patients receiving PBT to the thorax [5]. In our series, PM
malfunction occurred in 28.6% (2/7) of the cases, whichwas high-
er than that reported by Zaremba et al. who encountered mal-
functions in 10 (2.5%) PMs and 4 (6.8%) implanted cardiac
defibrillators from 453 patients after radiotherapy using photons
or electrons [3]. Thus, the incidence of PM malfunction in PBT
may be higher than that in photon radiotherapy.

In our cases, neutrons scattered by collimators or the patient’s
body might have accidentally collided with PM. Therefore, we

Figure 3: PBT plan for Case 1. The patient experienced PM reset on the eighth day of 52.8 GyE of a total 66 GyE. A dose–volume histogram (DVH) is shown in the lower right.

The volume of 95% of the prescribed dose (V95%) for the gross tumour volume (GTV), clinical target volume (CTV) and planning target volume (PTV) was 100, 100 and 95%,

respectively. The maximum dose of the PM chamber was negligible.

Figure 4: ECG of Case 1 on PBT Day 8 showing no change between pre- and post-treatment.
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emphasize the importance to recognize the risk of PM malfunc-
tion during PBT, even with devices located at a distance from
the target of the irradiated field. Further data about the field-to-
generator distance are needed. In the future, pencil beam scan-
ning will possibly be able to reduce the neutron impact on PMs
[4]. Zaremba et al. reported that beam energy plays a considerable
role in inducing CIED malfunctions in photon radiotherapy [6].
There is a possibility that beam energy of proton might have an
impact. Larger-scale studywould be needed toverify that low-en-
ergy PBT might be safer in PM patients.

Both our patients experienced PM malfunction that resulted
in amode change to VVI, which is the safety back-up programme
to support infrequent pacing when necessary andmight prevent
severe PM malfunction. We believe that PBT is feasible for pa-
tients who are not completely PM dependent if adequate precau-
tions are considered.

We reported two cases of PM malfunction associated with
PBT. There is a possibility that the incidence of PM malfunction
in PBT is higher than that in photon radiotherapy. It is difficult
to accurately predict a PM reset event associated with PBT by

Figure 6: ECG of Case 2 on treatment Day 13. A reset by programmer analysis was noted. Arrows indicate atrium pacing. No ECG abnormality was recognized, although

atrium pacing transiently increased after treatment, which is a common phenomenon.

Figure 5: The PBT plan of Case 2. The patient experienced PM reset when a total of 26 GyE was delivered. DVH indicates V95% of GTV, CTV and PTV at 100, 100 and 98%,

respectively.
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simulation or ECG monitoring as both might be insufficient as
measures for safe PBT in patients with PMs. Our experience em-
phasizes the importance of daily programmer analysis after
every treatment session.

CONFLICT OF INTEREST STATEMENT
None declared.

FUNDING
There were no sources of funding.

ETHICAL APPROVAL
None required.

CONSENT
Informed consent was obtained from these patients.

GUARANTOR
T.U. will act as guarantor.

REFERENCES
1. Nemec J. Runaway implantable defibrillator—a rare compli-

cation of radiation therapy. Pacing Clin Electrophysiol
2007;30:716–8.

2. Zweng A, Schuster R, Hawlicek R, Weber HS. Life-threatening
pacemaker dysfunction associated with therapeutic radi-
ation: a case report. Angiology 2009;60:509–12.

3. Zaremba T, Jakobsen AR, Søgaard M, Thøgersen AM,
Johansen MB, Madsen LB, et al. Risk of device malfunction
in cancer patients with implantable cardiac device undergo-
ing radiotherapy: a population-based cohort study. Pacing Clin
Electrophysiol 2015;38:343–56.

4. Oshiro Y, Sugahara S, NomaM, SatoM, Sakakibara Y, Sakae T,
et al. Proton beam therapy interference with implanted car-
diac pacemakers. Int J Radiat Oncol Biol Phys 2008;72:723–7.

5. Gomez DR, Poenisch F, Pinnix CC, Sheu T, Chang JY,
Memon N, et al. Malfunctions of implantable cardiac devices
in patients receiving proton beam therapy: incidence and
predictors. Int J Radiat Oncol Biol Phys 2013;87:570–5.

6. Zaremba T, Jakobsen AR, Thøgersen AM, Oddershede L,
Riahi S. The effect of radiotherapy beam energy on modern
cardiac devices: an in vitro study. Europace 2014;16:612–6.

| T. Ueyama et al.194



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


