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Recently, the Heart Rhythm Society published recommendations on management of
patients with cardiac implantable electronic device (CIED) who require radiotherapy
(RT). We aimed to report the experience of a teaching hospital, and discuss our practice
in the context of recently published guidelines. We identified all consecutive CIED recipi-
ents (12,736 patients) who underwent RT between March 2006 and June 2017. Among
them, 90 (1%) patients (78.2 £+ 10 years, 73% male) had a CIED: 82 pacemakers and 8
implantable cardioverter-defibrillators. Two patients required CIED extraction prior to
RT for ipsilateral breast cancer (no device replacement in 1 patient). Four patients (5%)
were considered at high-risk, 35 (39%) at intermediate-risk, and the remaining 50 (56 %)
at low-risk for CIED dysfunction. Overall, only a minority of patients followed recom-
mended local protocol during RT delivery (31%) and during follow-up (56 % ). CIED mal-
function was detected in 5 patients (6% ), mainly back-up mode resetting (80%), with 4
(including 3 pelvic cancer location) patients initially classified as being at intermediate-
risk and 1 at low-risk. Four out of the 5 patients with CEID malfunction had received neu-
tron producing beams. In conclusion, our findings underline the lack of rigorous monitor-
ing of patients undergoing RT (though CIED malfunction appears to be rare and
relatively benign in nature), and emphasize the interest of considering neutron producing
beam for risk stratification as recommended in recent guidelines. Optimization of
patient’s management requires a close collaboration between both CIED clinicians and
radiation oncologists, and more systematic remote CIED monitoring may be helpful. ©

2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;128:196—201)

Because of substantial progress in the fields of both car-
diology and oncology, the prevalence of patients with car-
diac electronic implantable device (CIED), such as
pacemaker (PM) or implantable cardioverter-defibrillator
(ICD), who also require radiotherapy (RT) for cancer is
now increasing dramatically.' Globally speaking, out of
the 3.4 million new cancer cases diagnosed in European
countries in 2012, half would have received at least 1
course of RT."

Although not addressed in the most recent cardio-oncol-
ogy expert consensus and guidelines, RT can affect signifi-
cantly the electronic components of CIED resulting in
malfunction and/or damage, especially among those who
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are totally pacing dependent or at high-risk of ventricular
arrhythmias. This involves a substantial concern in daily
practice requiring a multidisciplinary discussion to balance
benefits and risks of RT.”® Since the first guidelines pub-
lished by the American Association of Physicists in Medi-
cine in 1994, several have been published and more
recently the Heart Rhythm Society (HRS) (2017).”'" In
the present paper, we aimed to report the experience of a
teaching hospital, and discuss our practice in the context of
recently published guidelines.

Methods

This was a retrospective observational monocentric
study, carried out at the European Georges Pompidou Hos-
pital (Paris, France), between March 2006 and June 2017.
We identified all consecutive patients who underwent RT,
with a PM or an ICD. Detailed information on RT plan, as
well as CIED characteristics at baseline and during regular
follow-up were collected.

Regarding RT plan, information on the tumor location,
the number of fractions, the type of external beam radiation
(photons, electrons), and energy range (units of megavolt,
MYV) were collected. A radiation course can range from a
single fraction to 8 to 9 weeks of daily treatment, depending
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on the condition being treated. Currently, RT is mainly
delivered by a medical linear accelerator, using photons
and/or electrons beams. Secondary neutron producing beam
includes 18-MV photons, whereas non-neutron producing
include 6- or 10-MV photons, electrons only, and Cyber-
knife. Cumulative dose to the tumor and at the CIED were
both estimated prior to RT. The unit of measurement for
absorbed radiation dose (i.e., energy deposited) is the Gray
(1 Gy =11J of absorbed energy from ionizing radiation per
1 kg of matter). When multiple regions were irradiated, the
maximal prescription dose and associated fractionation
were recorded. For clinical purposes, we divided the radia-
tion exposure into 3 zones: zone 1 includes the head and the
neck, zone 2 includes chest and pectoral regions, zone 3
includes abdomen and pelvic regions.

Regarding CIED information, data collected at baseline
(pre-RT) included the type of device (PM, ICD), device loca-
tion, device manufacturer, the number of leads, the primary
indication for implantation, PM dependency (defined as
intrinsic rhythm < 30 bpm), and history of ventricular
arrhythmias (for ICD recipients).'"'?

All CIED follow-up data were systematically collected
from medical reports, including overlying skin’s condition,
frequency of device interrogation, battery characteristics
(residual voltage and impedance), lead parameters (imped-
ance and pacing/sensing thresholds), and arrhythmia events
using electrogram recording when available. Malfunction
of the device included lead dysfunction, premature battery
depletion, CIED reset in back-up mode or complete device
failure, and inappropriate ICD therapy (as shocks or antita-
chycardia pacing).

We established a local protocol in 2006 in order to
improve patient safety during RT.'>'* All patients were
systematically evaluated prior to RT initiation including
CIED interrogation. CIED patients were classified as low-,
intermediate- or high-risk.

Low-risk patients were those that fulfilled all of the 3
following criteria: (i) estimated cumulative dose to CIED
<2 Gy; (i) intrinsic rhythm >30 bpm (i.e., not pacing
dependent) and (iii) without an ICD. Patients deemed as
being intermediate-risk did not fulfill one of the former cri-
teria but had no high-risk criteria. We classified as high-
risk, patients whose cancer was in close proximity to the
CIED device and/or receiving a cumulative CIED dose > 5
Gy. In high-risk patients, repositioning of the device prior
to RT was considered systematically. After CIED reposi-
tioning, patients could be subsequently reclassified, as low-
or intermediate-risk. Monitoring protocols differed accord-
ing to risk stratification.

During RT sessions, it was recommended that all
patients have audiovisual and ECG monitoring as well as
physicians’ presence. Furthermore, a cardiologist or CIED
clinician was available within a 10 minutes reach and an
automatic external defibrillator was available on site. In
addition, for intermediate- and high-risk patients, it was
advised to systematically apply a magnet over the CIED to
avoid any external interference leading to pacing inhibition
or inappropriate ICD therapy, as well as to perform an ECG
before and after each session.

Regarding follow-up, CIED interrogation was planned to
be performed at the end of the RT treatment course, and at

1, 3, and 6 months post-RT follow-up visits. In addition, for
intermediate- and high-risk patients, a systematic device
interrogation was planned on a weekly basis regardless of
the RT scheme.

Categorical data were reported as numbers and propor-
tions. Continuous data were reported as mean =+ standard
deviation (SD) or median [IQR], when appropriate. All data
were analyzed using R Project for Statistical Computing
software (v 3.3.2). The authors had full access to and take
full responsibility for the integrity of the data.

Results

Over the 11-year period, a total of 12,736 patients under-
went RT in our center. Ninety (1%) patients had a CIED,
including 82 PMs and 8 ICD. Principal indications for pac-
ing were high-level atrioventricular block in 23 (31%), and
sinus node dysfunction in the remaining patients (Table 1).

Prior to RT and according to our local protocol, 50
(56%) patients were assessed as being at low-risk of CEID
dysfunction, 35 (39%) were classified as intermediate-risk
and 4 (5%) patients were considered as high-risk. Two
patients were originally classified in high-risk group, requir-
ing PM extraction prior to RT for ipsilateral breast cancer.
In 1 of those 2 patients, device replacement was not deemed
necessary and was then excluded of the evaluation; the PM
had been initially inserted for sinus node dysfunction with
subsequently permanent atrial fibrillation with preserved
atrioventricular conduction. The second patient required
contralateral CIED reimplantation prior to RT, and was
then reclassified in the intermediate-risk group. All patients
in high-risk group received a cumulative dose to the CIED
device of more than 5 Gy.

Overall, the median total dose delivered to the tumor was
49.5 [31.5;66.0] Gy with a median cumulative dose to the
CIED device of 0.0 [0.0;0.7]. Neutron producing beams
were delivered in 49 (55%) patients and non-neutron pro-
ducing beams in 40 (45%). In the latter group, 1 received
electron-only treatment, 2 received a combination of pho-
tons and electrons, and 2 treated by Cyberknife. Systematic
cardiac monitoring during RT delivery was provided for all
patients, and electrocardiograms (before and after radiation
exposure, as recommended in the local policy) during RT
were performed in 12 of the intermediate-and high-risk
patients (31%). Only 3 patients in the intermediate-risk
group and none in the high-risk group received magnet over
the device during the RT sessions (3 out of 39, 8%). No sig-
nificant clinical event was detected during and immediately
after RT delivery.

CIED evaluation was available for 87 patients (97%).
Overall, 56% had appropriate surveillance during follow-
up. In high- and intermediate-risk groups, weekly CIED
interrogations during RT were carried out as recommended
by our local policy in 22 out of 39 (56%) patients. In addi-
tion, 20 of the 50 low-risk patients (40%) were followed on
a weekly basis, though not required by our local protocol.

The follow-up at 1 month was available in 73 patients
(91%), at 3 months in 66 (87%), at 6 months in 65 (81%)
and at 12 months in 55 (79%). Overall, CIED malfunction
occurred in 5 patients (6%), during a mean period of 21.5 £
16.7 days from the start of RT. Of the 5 patients with CIED
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Table 1
Patients CIED and RT characteristics
Variable n=90
Age (years) 78.1 £10.3
Men 66 (73%)
CIED characteristics
Manufacturer
Biotronik 8 (9%)
Boston Scientific 9 (10%)
Medtronic 19 21%)
St Jude Medical / Abbott 8 (9%)
Sorin / Liva Nova / Microport 19 21%)
Data not available 27 (30%)
Device type
Implantable cardioverter defibrillator 8 (9%)
Pacemaker 82 (91%)
Cardiac resynchronization therapy 9 (11%)
PM dependency 35 (39%)
Level of risk (local policy) 50 (56%)
Low-risk group*
Intermediate-risk group 35 (39%)

High-risk group 4 (5%)

Time of CIED in patient (years) 51+62
RT characteristics
Radiation exposure zone**
1 18 (20%)
2 31 (34%)
3 41 (46%)
Neutron producing beam*** 49 (55%)

11.5[1.0;25.0]
49.5 [31.5;66.0]

Number of RT fractions
Total dose delivered to tumor (Gy)

Cumulative dose delivered to the CIED* (Gy) 0.0 [0.0;0.7]
1 0.6 [0.0;2.7]
2 0.4 0.1;1.0]
3 0.0 [0.0;0.0]

CIED interrogation during RT

Weekly interrogation 42 (48%)

CIED =cardiac electronic implantable device; RT =radiotherapy
treatment.

Values are expressed as mean £ SD, median [IQR] or n (%).

* Cumulative dose to CIED less than 2 Gy, not pacing dependency, with-
out an ICD.

**Zone 1 includes the head and the neck, zone 2 includes chest and pec-
toral regions, zone 3 includes abdomen and pelvis region.

*#% Neutron producing includes 15- or 18 MV photons, non-neutron pro-
ducing includes 6- or 10-MV photons, electrons only, Cyberknife and
Gamma Knife.

*#%% Cumulative dose delivered to the CIED planned with CT scan pre-
treatment evaluation.

malfunction, 1 had been classified as low-risk and 4 as
intermediate-risk. None of them had permanent device
damage (Table 2). CIED reset to back-up mode was
observed in 4 cases, symptomatic in only 1 case (exercise-
induced dyspnea). When weekly CIED interrogation was
carried out (Cases 1, 3 and 4), the evaluations preceding the
malfunction diagnosis were normal. During the median fol-
low-up of 24 [3;102] months, no case of sudden cardiac
death was reported in the entire population.

Discussion

In our series, we observed that severe CEID malfunction
during and after RT were infrequent. The most frequent

event was a resetting in back-up mode which was most
often asymptomatic. Our findings also illustrate the inade-
quate adherence of physicians to local policies to detect
potential adverse events in a timely fashion, and support the
need for a more practical protocol as suggested by the
recent 2017 HRS recommendations.

Several factors influence CIED malfunction associated
with RT delivery. First, maximum cumulative dose to the
CIED device is important and cutoffs have been proposed
since the 1980s, with a 2 Gy threshold mentioned in the first
guldehnes supported by the American Association of Physi-
cists in Medicine in 1994.%'%'%15 In line with our findings,
where majority of CIED malfunctions occurred with very
low cumulative dose delivered to the device, the 2 Gy cut-
off remains debated and is no longer part of the recent HRS
recommendations. '’ Second, a correlation between dose
rate (defined as the absorbed dose per unit of time, Gy/min)
and CIED malfunction has been proposed by Mouton et
al'® Nevertheless, Rodriguez et al reported dysfunctions
due to dose rate to be mostly transient and reversible.'’
Third, more recent studies have focused on the importance
of stochastic effects related to interactions with ionized par-
ticles, with especially neutrons produced from high energy
beams (energy > 10 MV) recenth/ bemg identified as the
strongest predictor of dysfunction.'® *' Neutrons are gener-
ated mainly in linear accelerator head through interactions
of photons with nuclei of high atomic number materials.*”
Grant et al reported in a retrospective clinical study that all
CIED malfunctions occurred with high-energy particles
producing neutrons.”’ Although counter intuitive, the
occurrence of CIED malfunction in patients undergoing
pelvic RT, by definition far from the device, is explained by
the secondary production of neutrons with high-energy par-
ticles.”” In our study, 3 out of the 5 patients with CIED mal-
functions had pelvic RT with 18 MV photon beam. Finally,
in addition to the direct effect of radiation, the level of elec-
tromagnetic interference may play a role in the occurrence
of transient oversensing, which could cause pacing inhibi-
tion or inappropriate ICD therapies (not observed in our
study); however, this mechanism appears to be rare.

The infrequency of CIED malfunction (6%) repoﬂed in
our study is in line with the lar gest published series of
CIED patients undergoing RT.”'**! Zaremba et al reported
3.1% CIED malfunctions, most frequently transient reset-
ting, and Brambatti et al reported 1.5% CIED malfunctions
with a median absorbed dose of 1.0 Gy [2.90;29.5].""'
Several national %mdelines have been proposed in different
countries.”*%**72 Although existing algorithms differ to
variable extents, the main criteria usually considered for
risk stratification are (i) location of the CIED, (ii) maximal
cumulative dose to the CIED (usually > 2 Gy), (iii) pacing
dependency or presence of an ICD. In these patients, con-
tinuous monitoring during RT delivery is usually recom-
mended with a CIED clinician available within a 10
minutes reach, as well as weekly CIED interrogation during
follow-up.”*

Recently, Indik et al under the auspices of the HRS have
published a North-American consensus statement for better
standardization.'” Similar to previous guidelines, CIED
relocation is not recommended for devices expected to
receive a maximum cumulative incident dose <5 Gy. By
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Table 2
CIED and RT characteristics in patients with CIED malfunction
Variable Case 1 Case 2 Case 3 Case 4 Case 5
Age (years) 76.2 89.4 75.2 66.1 83.9
Sex Female Female Male Male Female
Type of CIED malfunction Reset in Reset in Ventricular oversensing Reset in Reset in
back-up mode back-up mode in device event counter back-up mode back-up mode
Type of the device PM PM PM PM ICD
Device manufacturer Sorin St Jude Medical St Jude Medical Biotronik Biotronik
Time in patient (years) 1.9 1.2 1.0 7.8 5.1
Pacing dependency No Yes Yes Yes No
Intermediate-risk group No Yes Yes Yes Yes
Treatment site Breast Esophagus Prostate Prostate Anal
RT Energy, MV 10 18 18 18 18
Neutron producing beam No Yes Yes Yes Yes
Total delivered dose (Gy) 50 36 T4 74 36
Cumulative dose delivered to the CIED (Gy) NA 0 NA 0 0
Time to malfunction diagnosis (days) 39 2 11 39 18
Clinical symptoms 0 Bradycardia 0 0 0
Weekly CIED interrogation Yes No Yes Yes No

CIED = cardiac electronic implantable device; ICD = implantable cardioverter defibrillator; PM = pacemaker; RT = radiotherapy treatment.

contrast, the energy beam is considered very early in the
risk stratification algorithm (Figure 1). A non-neutron pro-
ducing treatment is preferred, and if not possible, RT should
be performed with asynchronous pacing (in pacing depen-
dent patients) and/or ICD therapies deactivated and a
weekly CIED interrogation during the course of RT is rec-
ommended.*** Authors have published a checklist for
allowing both electrophysiologists and RT physicians to
better evaluate patient risk prior to RT (Figure 2). Consider-
ing our data, 62 (69%) patients would have required weekly
follow-up according to 2017 HRS recommendation versus
the 39 (43%) recommended using our local policy.

Complete CIED Evaluation
RT treatment plan

«

With regard to these current guidelines, availability of
CIED clinicians and the public health resources needed for
implementation in routine clinical practice need to be con-
sidered. In fact, a more sensitive risk stratification with fre-
quent device monitoring could increase the workload for
CIED clinicians and pose difficult organizational challenges
for both cardiology and RT departments. This would
explain why half of all patients in the intermediate-risk
group in our study were not followed weekly as recom-
mended while, a high proportion of patients in the low-risk
group were followed closer than recommended.”’ In the
future, remote CIED monitoring appears to be a safe

Complete CIED Evaluation
RT treatment plan

(2) Is the patient pacemaker dependent?

CIED interfere with tumor No
treatment?
Cumulative dose > 5 Gy

(1) Is cumulative dose to CIED > 2 Gy J

treatment?

CIED interfere with tumor
Cumulative dose > 5 Gy

3)1cD?
Yes = one cmer% \um\e of them

Continuous visual, ECG monitoring and voice contact is recommended
during each treatment fraction

/ \

Intermediate Risk
Hig EP clinician present within 10 min Low Risk
CIED relocation s recommended il

h Risk ‘
Magnet application

|

Weekly complete CIED evaluation is
recommended

l

Complete CIED tobe at the of RT
treatment

Neutron producing treatment
used?

Continuous visual and voice contact is recommended during each
treatment fraction

l l

GIED relocation lo e Weakly c;mplela CIED Weekly complete CIED No
Complete CIED o be atthe ion of RT

treatment

Figure 1. Comparative risk stratification algorithm for patients with CIED undergoing RT. Left panel: Algorithm at our Hospital Local Algorithm.

Right panel: HRS 2017 Guidelines. "’
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CIED CLINIC CHECKLIST

CIED implantation date:

CIED implant indication:

Device manufacturer and model:

Pacing-dependent (intrinsic HR<40 bpm): Yes [ ] No [ ]

DU WN =

System features:
Pacemaker/CRT-P [ ] ICD/CRT-D [ ]
Pacing mode:
Minimum pacing rate:
Maximum tracking rate:
Maximum sensor rate:

Complete weekly CIED evaluation recommended*: Yes [ ] No [ ]

Measurements of the pacing system function and parameters are stable:

Yes[]No[]
7 CIED evaluation following completion of radiation therapy:

Measurements of the pacing system function and parameters are stable':

Yes[]No[]
Comments:

RADIATION CLINIC CHECKLIST

8 Type of radiation course:
Neutron-producing®: Yes [ ] No [ ]

CIED location might interfere with adequate tumor treatment’: Yes [ ] No [ ]
Maximum expected cumulative incident dose <5 Gy': Yes [ ] No [ ]

HR = heart rate; CRT-P = cardiac resynchronization therapy-pacemaker; CRT-D = cardiac resynchronization
therapy with implantable cardioverter defibrillator; CIED = cardiac implantable electronic device.

*It is recommended to perform a weekly CIED evaluation for patients undergoing neutron-producing treatment
and might be reasonable for pacing-dependent patients undergoing non-neutron producing treatment;

T Device function pacing output, pacing thresholds, sensing of T and P waves, lead impedance, battery voltage

and impedance;

I Non-neutron producing radiation is preferred (neutron producing: > 10 mV photons, protons, electrons > 20

MeV);

x CIED relocation is recommended if it will interfere with adequate tumor treatment;
II CIED relocation is not recommended for devices receiving a max cumulative incident dose of <5 Gy.

Figure 2. Checklist prior to radiation treatment (from HRS 2017 Guidelines).

solution for patients requiring weekly CIED interrogation,
simplifying and optimizing the follow-up for patients and
clinicians without increasing significantly their workload.

Although data on CIED and RT are scarce, we need to
acknowledge several limitations of our study. First, it is
an observational retrospective study. Second, it is a sin-
gle center experience providing data on a relatively small
number of patients with an even smaller event rate, not
allowing further analysis of factors associated with CIED
malfunction. Finally, some proportion of patients were
lost to follow-up. However, no sudden cardiac death
occurred, making undetected late severe CIED malfunc-
tion unlikely.

In conclusion, our findings underline the lack of rigorous
monitoring and follow-up of CIED patients undergoing RT,
although CIED malfunction remains a rare event, relatively
benign in nature. Optimization of local policies, especially
the consideration of the energy beam type, could potentially
simplify monitoring without compromising patient safety.
In this setting, a close collaboration between CIED clini-
cians and radiation oncologists, and finally, more system-
atic use of remote CIED monitoring may be of substantial
value.
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