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What is in this presentation?

Current guidelines — protocol (TG-34).

What are the issues with cardiac devices
and radiation deliveries?

Literature review (“recent”) since T'G-34 era
(1994-2017).

Failures — case reports

Scattered guidelines in literature.
Sensitivities and potential failures.

Cardiac devices and RT patients.

Penn Rabiamion ONCoLOGY

VIL. SPECIFIC RECOMMENDATIONS
The following protocol is suggested when evaluating pa- )ncology Patients with

tients for radiation therapy who have an implanted cardiac

pacemaker. The task group is cognizant that each patient
must be addressed individually and that in some cases it
may be in the best interests of the patient to diverge from
ther dation

( 1) Pacemaker implanted patients should not be treated
with a betatron,

(2) Pacemakers should not be placed in the direct (un-
hielded) therapy beam. Some accelerator beams can cause
ransient malfunction.

. e of rditinn oncolgy patents with mplanted cardine

cmbers af AAPM Tk Gromp Y. 34

(3) The absorbed dose to be received by the pacemaker
should be estimated before treatment. Estimation methods e _
can be found in the litetature.™ accelerator and durimg subsequent treatments if magnetron

@1 qual estimated dose 1o the pace] or klystron misfiring (sparking) occurs.
e .]E pacemaker function shoul (6) Studies to dmelllaig dealt with linear accelerators.
prior to therapy and possibly at the start of e betatrons, and cobalt imadiators only. Use of other radia-
¥ tion therapy machines should be evaluated on an individ-

P
Vi a i al a @ i
week ofhetapy.Since ol andabrupt filug U Y toshines <Eoul be

ers has been seen at cumulative doses betwey

gray and significant functional changes have
between 2 and 10 gray, early changes i pacemaker param-
eters could signal a failure in the 2-10 gray region.

(5) Although mransient malfunction from electromag-

netic interference is unlikely from contemporary therapy
accelerators and cobalt iradiators, the patient should be
closely observed during the first treatment with a linear

Z Penn Medicine

s o P s
Piys. Med. Biol. 47

Dose rate study

Influence of high-energy photon beam irradiation on
pacemaker operation

In conclusion,
tolerable cumulati
en reduc:

Intd
tod

B8R/ 0.2 Gy min" rcjecting direct irradiation of the pacemaker at a standard doso
rate for tumour treatment (2 Gy min~") is made.
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Recent Review Articles

0k:10.1016/ rabp. 2004.02.038

Identify patient with ICP/ICD. Notify department per-
somnel involved in direct patient care (ie.. residents,
nurses, therapists, and physics staff) and flag treatment
chart with readily visible identifier. EMAKERS
Determine whether generator is located outside direct. [[ORS DURING
unshielded RT field, and, if not, have device moved. 1f
not possible, hiave new generator placed at a distance and
existing generator deactivared. pnarz, PED.! axp
[Estimate cumulative IR dose to generator from proposed
reatment and move generator as in No. 2 above for dose
estimate >2 Gy for ICP or >1 Gy for ICD,

PHY:!

walogy. Thamss Jeffersoa University,
partusent of Medicine, Divi

maker dependent or nonpacemaker dependent. provide
deactivation instructions for ICDs, and full baseline i
terrogation of ICPICD.

Patient management during RT Les erars the Uaived States and
o

Results: The published

patential OF ICF a0 1D devices exposed.

s comsiderable. Humever, majar discrepancies exist among.

facturer vecammendations amd whle variabons are prosent amang adiation uncology facilities regarding
palient management precaution

Cunclusion: Precautions are necessary o minimize the visk fo patients with 1CF and 1CD devices during

TRETApY. Practical management guidelines are presented thAt can be readily adopted by any busy cnical

FaliAtion ancobogy practice. § 2004 Elsevier

Pea; Rapmion Oncotocy I & Fonr Vdicine

7. The authors suggest categorising the patient
b into three risk groups based on potential
o clinical risks. (Low, Medium and High risk
groups). Low risk patients are those who
are not pacemaker dependent, the pace-
. maker is not directly in the radiation field
Radiotherapy to pat /"1 dose to the pacemaker is likely to
cardiac pacemakers  be less than 2 Gy of scattered radiation.

Medium _risk_patients aro lhuse who are

COMPLICATIONS OF TREATMENT

5. Sundar **, R.P. Symonds

 mrmen of ey s
of Orcalvgy, Unv

< Doparment of Mectca s, s 5
patients are those who are pacemaker

dependent, the pacemaker is not directly

in the radiation field and the dose to the

pacemaker is likely to be more than 2 Gy

B eentered radiation. Patients Wit pace.
makers directly in the radiation field fall

into a high-risk category irrespective of the

total radiation dose. Direct radiation of

pacemakers at therapeutic levels should be

strictly avoided in a pacemaker dependent

patient unless a backup system is in place.

It has to be noted that the 'radiation dose

to a pacemaker’ is the 'dose to any part

of the device’ and is not the dose averaged

over the volume of the device.

Recent Review

» The ICD should always be located outside the irradiation
field

» The absorbed dose to be received by the 1CD should be
ated before treatim purposes.
Estimation methods can be found in the literature (17).

Program the ICDD temporarily to “monitor only” before
each individual irradiation fraction. After
with the patient’s cardiologist, c
1CD to “monitor only” before the first irradiation fraction
and only switch back 1o therapy mode after the complete
treatment is given. Coensider that even if the ICD is tumed
off and on with every treatment fraction. no guarantee can
be given that the ICD is still able to deliver a shock if
needed. » Monitor the ECG and have ICD-qualified personnel
stand by at_every fraction, The treating radiation on-
cologist might consider omitting (part of) these safety
measures if consensus is reached on this aspect with
the patient’s cardiologist and responsible clinical phys-

esli nt for docum

.

ERATION OF
ILLATORS

ider switching the

heset i . Guidelies o rndiolbrepe icn

» Have standard cardiopulmonary resuscitation equipment

directly ble.

« If any change in ICD functioning is observed, directly
consult with the patient’s cardiologist to decide which
steps should be taken next.

« Monitor the ICD during the first months after radiother-

2 apy. If functional changes are observed, consider replace-

Cardionertes-deibrilator, Paccanaker. Radioghers) mient of the ICD.

FENN RADIATIUN WNCOLUG Y
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Recent Review Articles

Effects of Scatter Radiation on ICD and CRT Function

SURAJ KAPA, M.D..* LUIS FONG, Pu.D..t CHARLES R. BLACKWELL, M.S.,t
MICHAEL G. HERMAN, Pu.D.,+ PAULA J. SCHOMBERG, M.D..t and DAVID L. HAY
From the *Department of Internal Medicine, +Department of Radiation Oncology, and #Department of
Cardiovascular Diseases, Mayo Clinle, Rochester, Minnesota

, M.D.#

Background: Effects of direct radiation on implantable cardiac devices have been well studied. How-
ever, the effects of scatter radiation are not as clear. Recommendations on management of patients with
implantabie cardiac devices undergoing radiotherapy are bused on limited studies mostly involving pace-
makers. We sought ta elucidate the effects of scatter radiation on implantable cardiaverter-defibriliators
(ICDs) and cardiac resynchronization therapy (CRTJ-ICDs.

Methods: We expased 12 ICDs and eight CRT-ICDs to 400 cGy of scatter radiation from a 6-MV pho-
tan beam. Devices were programmed with nominal parameters and interrogated prior to radiation, after
each fraction, upon compietion of the radiation course and again 1 week later. A retrospective review
of patients undergoing radiotherapy at the Mayo Clinic-Rochester between 2002 and 2007 in whom the
device was outside the radiation field was also performed. There were 13 patients with devices undergoing
radiotherapy during this time period, 12 of whem were interrogated prior o and after radiation.

Results: Interrogation reporis were reviewed for device reset or parameter changes. There was no evi-

dence of reset or malfunction during or after radiation. Also. no episodes of device reset, inappropriate
sensing or therapy, or changes in ars were found in our review of patients undergoing
radiotherapy.
Conclusions: Device resel or with scalter tadiation likely represents an unpre-
dictable, rare occurrence. Whil sea no clear contraindication to radiotherapy in patients with ICDs or
CRT-ICDs, precautions should be taken to avoid direct radiation exposure and to closely evaluate patient
outcomes before and after the radiation course. [PACE 2008; 31

Penn Rabiamion ONCoLOGY

Recent Review Articles
Radiotherapy-induced

pacemaker and implantable
cardioverter defibrillator

malfunction

et et D65, 2032450008

Fermando Tondata, « There are an . of patients with implantable
Dariel W hg, s s eiles MY deices wWho reqire domerapy (RT) for cancer eaiment
omandoo, rvethian, ToTskmar et i s n i

e e Emsoaal e et s e " iing in corrt implartable ks,

s R h ™« Thare Is lack of dinical studies on effects of radiation on

sz implantable devices but there are several reports of serious
.,.m.mmm o oy it et dmmdjilur(ﬁuﬂahrr RT,

< should nat be placed i the direct therepy
Y e importar t amphsie that catsred
[R— radiation can h these devices.
— + Other types of energy, such as eleciramagnetc, can be
‘generated during AT, These can also cause interference with

tone e i e

impiantable devices.

« There sre rare reparts of transient device malfunction inéuced
by radiologic Imaging tests.

= Cusrert quidelines are out3ated and are restricted (o

pacemakers. Updated guidelines are reguired, including specific

recommendaticns for implantable cardioverter defibrillators.
= Tmplantable devices should be dosely monriored Between

radianicn sessions.

Penn Rabiamion ONCoLOGY e —

Recent Review Articles

ORIGINAL ARTICLE

Effect of radiation therapy on the latest generation of
pacemakers and implantable cardioverter defibrillators:
A systematic reviev planning

F Hudson,' D Coulshed. E DSl

1 3D computer-assisted planning should be utilised
(including CT data) to more accuratsly assess dose
received by the pacemaker and aid in beam arrange-
ment and shielding placement.

2 The device should be shielded and kept at least 5 cm
from the collimated radiation field wherever possible
(including open port films and electronic portal
imaging [EPT]). All shielding should originate from the
treatment head, such as multi-leaf collimators or pre-

mounted lead shielding trays
3 Total dose received by the pacemaker/ICD should be
kept as low as possible.
® Max pacemaker dose should be kept to <2 Gy, of

sl 22 Seember 2000 accoptod 28 device relocation should be considered. At no point
o should the cumulative dose exceed 5 G

s 2 * Max ICD dose <1 Gy, or device relocation should be
considered.

o . iy b o oot v LML, 2 Gy scattered dose IOP

hational standard sims that released Dy tha AAPM in 1994, 1 Gy scattered dose ICD

Key woess: compiemantary metal axida Samiconduc
vertar defleilator; pacemaker; radiation terapy
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Radiation Therapy in Patients with Implanted Cardiac Pacemakers
and Implantable Cardioverter Defibrillators:
Patient manag before initiation of radiation

therapy

1. Identify patients with an ICP or ICD. Notify depart- \LU‘”\”J
ment personnel involved in direct patient care. RA’.

2. Determine whether the generator is \m.‘ucn outside SA?
the direct, unshielded radiation therapy field, and it

nol. have the device moved.
® [3 Estimate the cumulative jonizing radiation dose o
penerator for dose estimates < 2 Gy for ICP or <

ane capy also is increas-
ing _ & sadiation therapy
Al TThe etermmine whether The panent e
o is pacemaker dependent or P ker depen- + and after ry "
the dent. Provide d ation instructions for ICDs, and rml fa, or e-mail
Sia full baseline assessment of the ICP or ICD. sember 2008, Sixty
pat n therapy by dosc-
wolume histogram in 26 paticais (42%) and by measarcmer z ent. the

maximam total dose was

Functi o ICPs and \{D\ hecked before radiat e 38 pati 2 Gy scattered dose IDP
unction of ICPs a was checked before radiation fheragy n 36 patie

apy in 32 (526), and both before and afler radiation therapy in 29 (47% . | G yjecstisisdidosslicn)
patieal with pro e by ity o ey ke, Eve when a0
1P 0¢ ICD is not within the fiekd of radiasion. malfunction of the device may sill simize the
ik 10 paicat. pecations must b Liken durin the plaening and st of adiion ey

VENN KADIATION UNCOLOGY Iy ¢ ot edicine

Case reports of failures-Direct Irradiation

CASE REPORT

The Cardiac Pacemaker Patient
Might the Pacer be Directly frre R::h:‘(m;lt lxnulul:;:“rhc patient received I.uimll\u.np}n.:n::z
ach fraction we performed an ECG and observed the rhythm on
 monitor outside. The cardiologist was with us during the first
From the Universitatsklinikum Freiburg, Gern fraction, and on stand-by for the further fractions. Pace
Iyses were completad before, in the middle (3 weeks |
after the radiation course. We irradiated the lymphatic nodes in
the right axila up to a dose of 0.4 Gy without problems. At a
Acta Omcologics Val. 39, No. 7, pp. 581-583, 2000 ctionation of 5x 1.8 Gy per week, it 100k us about 6 weeks.
Received 13 men ‘nw The pacemaker functioned without failure during every fraction,
Accepled 22 June 20 but the magnelic frequency of the pacer, which is usually an
indicator of the battery load, began to decrease
fthe mugnetic frequency wa
low (he recommends Sxchynge erieria, bul at no tme
there a malfunctionf{ Al the nexi contral the MAEETC UG
was unchanged at 88/min. The pacemaker’s stimulation frequency
remained at the programmed rate. Four menths later, the mag-
netic frequency returned to normal, indicating a normal battery
charge
Since the end of the radiation course, the pacemaker has
functioned perfectly. Follow-up was at 26 months at the time of
this report. The patient has been in complete remission since then.

@ Penn Medicine -

Alexander Tsekos, Felix Momm, Mict

Correspondence to; A Tsekos, MD, Radiologi
Freiburg, Garmany

What about the neutrons?

Penn Rabiamion ONCoOLOGY
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Tnkemations1 Joirsal of Ciediilogy 130 (2008) €37- 638

Letter to the Editor
Defibrillator reset by radiotherapy

Dennis H. Lau, Lauren Wilson, Martin K. Stiles, Bobby John, Shashidhar, Hany Dimitri,
Anthony G. Brooks, Glenn . Young, Prashanthan Sanders *

Cambivacaular Sescarch Centre, Deparimons of Cardiolegs, R e Hospital
Unirnity of Adelaide, Adelaide

e Dirciplines af Medicine and Phsiology.

aceepted 30 Jums 2007
7 Sepiember 200

Abntract

The number of paticats with implanable canfiovercr-defibrillator (ICD) is rapidly inereasing du 10 thir expanding indicasions,
Amangstthe variows ypes of elctromuaynets interferences, ltle is reported sboul the effsts of radictherapy. We reporta case of clecsrical
reset of n single charsber ICTD by scatesd i
Crown Copyright © 2007 Published by Elsevier Ireard Lid. All rights reserved.

The device first alarmed during his ICD response fo therapeutic radiation is generally
radiotherapy (EBRT) to the pelvis usi{ upredictable and may potentially involve various pam-
a fourfield N‘#.mw beam amangemg| meters incorporated in individual ICD models. Recognition
of other potential lethal events such as complete device
lure, inappropriate shocks due to over-sensing and sudden
death are vital in our management of such patient groups.

was 2 gray (Gy) per fraction with
fractions (74 Gy). Upon interro

indicated that an 1CD electrical reset|

Secondary Neutrons-Single Center Experience

- i

10, 1016/ ol . 208, 06.1903

CLINICAL INVESTIGATION Implanted Defibrillator

IMPLANTED CARDIAC DEFIBRILLATOR CARE IN RADIATION ONCOLOGY
PATIENT POPULATION

Dariia Y. GELBLUM, M.D.* Axp Howawp Amots, PuD.'

Degartments of “Radlision Oncology und ! Medical Physics, Memarial Sloun-Ketering Cancer Center, New York, NY
- . It is not only the direct photon exposure of a deviee that
i dei| MUt be considered, but also the potential for a single hi

iee (AT llJIth‘rIup\
antly obscrve these patic
.h |Iu go thro

e presenra
© 2009 Elsevier lnc.

Implanted curdiac defibeilator. Rudiotherapy, Patient monitorig,

Penn Rabiamion ONCoLOGY

Secondary neutron [ |

Comparison of the Effects of High-Energy
Irradiation (10 and 18 MV) on 2 Types of

Cardioverter-Defibrillators

Waruko Hashii, MD," Takayuk Hashimoto, D, " Ayako Okaw
Tamanori Isobe, PhD,* Masahire Hanmara, MP,’ Tetsuo N\xll\
Kazutaka Aonuma, MD,  Takeji Sakae. PhD. " and Hideyuki S¢

“Dngortent of Rtk Bcoboy e Cantlrasalar Medcie, Uriversty o Tl
Dncaiy, Shzuake Covcr Cerer isun. 51

[—r e

N e i e o M 1, 012 At e petin ey 0,3

-

[
[,

= o w0
U e o o D Vel e el
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Secondary neutrons

X Maraquis® older model) 18V
W Marguis®{older model) 100V

ICDs. We also found some errors in ICDs placed 140 cm from

the isocenter using 18 MV irradiation. This distance is similar to

the situation in pelvic or lower limb irradiation, and Lau et al
described a case of defibrillator reset due to radiation thempy
23-MV beam for prostate carcinoma (10). Thus, e

i
i
§

igher energy photon beam is often used in this procedure

Conclusion

===/ 2600 6 st ocenter

™l conclusion, although soft errors of 1CDs were observed with
' high-cnergy photon beams of 18 MV, mas rere .
. in the latest-generation device, the Secura ICD model. However,
Fig. 3. Comparison of the 2 iradistion energics, showing ! o0 e abiliey of soft erroes of 1CDs should be conskleration
use of high-cnergy photon beam iradiation, cven when the device

is located far from the imadiation field

Penn Rabiamion ONCoLOGY

Secondary neutrons-Single center experience

CLINICAL RESEARCH

Table 2 e
cardioverter defibrillator malfunction. (Patient 1 was treated with photon and electron beams)

therapy dase,

High in & rc oo Tresed | Totdoieidom  Raditionbeam  Observation
o nllne. . Grdroma  perfecoon (Gr)  mamemenengy: (bt wvwotsced
defibrill bythe
(Mev)

therapy

P —— [, en ore
Jon Blderst, 3 1 Mo s iy w ¢ Nore

11 Melvonicvinoe ome 1o S p—

PR R ey ve— 0 Nore

S 4 B Soame e fom s1303 .. Nere

6 5 Sohor MesalAm pomw 7008 Dovct e rond
i poasiiy
e T & Medvonic by Seery Omophass 602 " Diavice resst
S |6 7 boronsomkc Conmhmeat  Rom 198 " o e e

5 8 edvoncComen Mo 6423 "

09 MelomcEnar T 255 »

.

W0 P e [EeETR—— .

0N Bomon Soarne Conek Renewal Carorn 200 ‘
Conclusian 13 01 Medwonic Securs Groin right wa &10

Wn Sk s A g 16e m

151 ekt M A Corm 204 ‘

. WM e Ve P »

Korwarss 1715 S P Guad ot 208 "

Massirma Zocchin®™, G
Anna Baratto Roldand, Ell

Anna Zarzin Fanessial, Lu -

and Gianfranco Sinagra' o o cemss w3 31y prser i KO
5

1
i

g o tscuagua. et i e,

‘== 10 Medicine
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3337 mfluence of Particle Therapy on Implantable Cardiac Devices: An Experimental Study

T. lsebe’, A Ohkawa’, S. Yonai®, N Muuuhln! . Fukuda®, T. Sakae', K. Aomuma’, H. Sakurai’
r

rch Ce ve of Tsukuba, ‘National Institute i Chiha.
i et o A T e i g ASTRG 2010

et et i 2 preeniss aoproach _— B
cerned for patients wesring implantable cardiac devices. The purpose of this study is to clarfy the influence of proton and carbon-
fom mdiothoregy o : it iy

MaterakiMethods: The exprimersal 1 e  condion of e paticle berapy o the patiet wewing imlantaie
lung carcinoma, at Proton Medical Rescarch Center PMRC), Uni-

veniyof oot et Nt It of Raciological Scences (NIRS). As we redicted the frequency o the soft emr was
e low. st 4 PMs and ICDs i the same time aound  waer phaniom exiemal sze: 45 241 z4m‘1mmfmcvmmu‘n

v

T ek (SOBP)wast cr.

Cumlative in-fick physical dose for cach of the 4 deviccs were 110 Gy in & o f o st EMRC snd 1276Gy in9

sessions 1 NIRS, respectively. After each rafiation fraction, w the pr Datalog
emarized in the deviees were sent o the manufacturer and amlyzed in detal,

Result: On ICDs, the frequency of the povwer-on reset, which was the most serous soft emor with progrmmed pucing mad
. pporary, was ance per appr Gy *andabout | Ih(r) = NIRS, mmpoivly

by md 1%, wi

PMRC s 71 Gy inNIRS, mv:cuvd, Ovnh=v0v:1 i s e s o o PV e Pt dovics -
function was detecied, and alviay: puilses at least in s initia e settings. Alko, o telem-
ciry poblan between the device ot programmer was observed.

“omelusi om: The soft G o gt o o o
on ICDs. Although puticle therapy *Ds. perma-
v device mluaon had nt Been obierved in i xermEnal sy, Furiher g st amays 1 variots sermgs
neded to sstablish guidelins regarding the partcls therapy For cuncer paticnis with implantsbls cardiac devices.

S. Fukuda, None: T. Sakae, Nonet K. Aoruma, None; . Sakum, Nane.

v
WL, © 2008 Elsevier lnc.

Cardine pacensaker, Proton bean

Penn Rabiamion ONCoLOGY

pacemiker demonstrated the extreme sensi

ofinte. by proton radiotherapy on 1CDs. Devices failed at the
(od grated circuits. Although fast neutran radiotherapy is  rate of approximately 1 failure per 15 Gy, which s well

not commaonly used because of its unaceeptably high  below the dose level (60-80 Gy) generally used in proton
incidence of late morbidity, questions have been raised  radiotherapy. The probability of a soft errar caused by

- concerning secondary neutrons produced by external-  secandary neutrons induced by proton radiotherapy on
- bearn radiatherapy using high-energy photons or by par-  1CDs is very small, but it is an inevitable and unpredict-
ticle therapy able phenamenon. Radriguez <t al, reported on
T proton radiotherapy using the pasive scamering | tion-induced effects in multi- programmable pacemakers
c rradiation method, praton beams generate secondary | and ICDs [22]. Pacemaker malfunction induced by
frcutrons by the reaction with the collimator and several | jonizing-radiation exposure because
| ot catring compoadots 1281, 0 the cehar hand, | those effcts can occur 1 il locatio in comple
I chaeides et al. veported that the spat scanning techii atacy caeal-oxide semiconductor (CMOS) and do s
£ e showed a dose advantage at a beam line of at least Thercfore, errors could potentially be
¥ L0 _times over the scatter foil technigue [21]. In the | obscrved cven at the minimal delivered dose, and relo-
il | .. healthy tissucs of their paticnt (in the non-treated  cation of the device out of the radiation field is not
volume], the dose coming from neutrans was approxi-  enough ko prevent the accurrence of soft errors. Minor
T mately 0.002-0.004 Sv per treatment Gy, These contri-  errars which cannot be detected by the p mer
= butions ta the integral dase from neutrons are very lw, 4
sa they concluded that the dose deposited by secondary
O neatrons during proton radiathcrapy using the spot
scanning technique can be neglected in the treatment present study, and the
f region. However, proton beams alwo generate secondary  devices in their initially programmed settings ahways
. neutrons and photons by the eaction with several ele  kept their sensitivity and generating pulscs. Further
H ments that form human body tissue. The internal inci-  investigation is needed to clarify whether the total

i dental dose around the center at des cumulative radiation dose to the device results in an
accounted for about 60% to 80% of the Lo increased likelihood of soft crrors, and how much the
dose [14 7\ ratio of fast or thermal neutrons contributes to the
 to completely climinate the influcnce of secondary

J incidental

causes of soft error,

neutrons, even if shiddding of extenal neutrons or sctive | The experimental findings of the present study have
resulied in the recommendation in our department for
at the neutron contribution  the use of this new cancer treatment madality for
. to the dose behind the peak maximum was at least 3 patients with cardiac pulse generatars. It & essential that
¢ | mew  ondess samaller than the total dose st the peak maximum  paticnts be monitored carefully during the course of

171, Furthermore, it decreased expanentially with the  treatment and that the pacing mode and rate be moni
distance to the peak maximum, Thercfore, they con-  tored after completion of imedition in sccordance with
cluded that its influence on the dose distribution is  the degree of dependence on the cardiac pulse

ccor T would

T their descript

1d neutron scatier 1o be larger by 4 factor of
rance region, with this factor decreasing with ¢ e e —
depth, when compared with out-of-field neutron scatter from ~ Bma o e sewren doe o
et ol manncasn
the active mode (3, For passive scatiering sysiems, o —
meutrons are generated in the tre: head, beam moduluors, 13 " B
ering devices, o upertures or compen. = @ aSian A4 Red
scuttering deviees, and ific uperuures or compen- r e = =i
sators and are the dominant contribution to the total dose i QBI0m Q203 RIS Red
downstream from the Bragg peak and out of fiekd 13). The field — — e
defining aperture dominales as a secondary neutron production b s e o e
source because of ifs proximily o the patient, making the B
dose dependent on the raiio of Meld Size @ periure | e eams mel e ot fos st dinid et i oplotihs e dese T

The out-of-field patient neutron dose et ks

ey rkape g i 242

and modulated scanning systems do not require
vices in the treatment head or patient spemares; a5 3 result the secondary newtrm production

in the treatment head is reduced,

the majority of neutrons being gencrated in the patient’s hody
(34,61, Because the devices resels ane due 10 the scatlensd
newtrom production and are vandom events and do not comelute
to the total delivered dose, paticnts with CIEDS 1
can potentially be treated in the same way as those patients

receiving higl -qmz\ photon therupy (E > 10 MV), as sug

a .t . N gested by Hurko Ty amd M: etal 18),

& ¥ In conchusion. 1 ‘mml.i like 10 commend the authoes for
- contributing this mstitational stady and analysis to the L

" ; literature on this subject

Dimitris N, Mibailidis, PhU
i

et R Theraps G

Fig. 3. Scatler plot of neuron and prown doses for all 40
paticnts. Notably, no patient experienced o reset of o cardioe
implantable electronic device (CIED) ai a neutron dose of less

than approximately 500 mSv. One patient with o liver wmor il
rienced an elective replacement indicator (ERI) message at

330 mSv that was predicied hefore rdiation. In contrast, the

variation in proton doses associated with resets was broa.

Page 8



Ca Effects of CT Irradiation on
Implantable Cardiac Rhythm
Management Devices'

re J 2006; 70: 190-197

—
] ot been a detailed
n
A e electromagnetic
fi — human body
n ring CT ogcurred
it . CT scanning and
il 1 the CT scanning
li ic field was 15,1
o
[ pr————— rays and although
UETRTATES R, 0-197)

e Over-sensing:

*enn Medicine

Heart and rhvthm societvy consensus statement

oo R, Woba 5. e i @ Rty pasematr (vtca pacing n 183 bpm) i an
0 w3 Dot iiatad o o 041 G

3.9.4. Therapeutic I
While diagnostic radiography rarely interferes with CIED = =
function, therapeutic radiation can have several potential ke

o
damaging effects on CIED function, especially when the

beam is directed onto the pulse
CIEDs utilize metal oxide semiconductors (CMOS) in 1he  seey s g
integrated circuitry. These circuils may be more readily Mo s temes
wn  damaged by lower levels of radiation than were older de- | oo
sl iy m et vices that were designed with discrete components. When 2 e ian. e

comakers. Racther ezl 29057
the semiconductors are exposed to ionizing radiation, dam- -
s b, e , o o, st
arpy v sucrisl a3 8gE oCeurs 1o the silicon and the silicon oxide insulators
" within the semiconducior.*” The mechanism of failure is

unpredictable, since any part of the semiconductor can be 5 e s

damaged. Sudden output failure or runaway pacing has been S
in older de s and remains al least a theo- 15 G whie n pacens
retical concern with present CIEDs.** Reports in the litera- s s
imp tre include damage from radiation doses as low as 10 Gy,

7o
Pumsr s While safe operation has been reported with accumulated i sino

% doses of 30 to 150 Gy Therefore, dircct radiation of e s pases

pacemakers and ICDs should be strictly avoided and accy- 1= i & s
mulated doses should generally not be allowed to exceed
5 Gy -

TEZ WO % o TR A T

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 ERROR
Changes in stored values in memory or transient changes in m o reuitry
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 doseis high>

Inappropriate sensing of device thatlead to ICD shock
existent pacing output.
or other effects

Electromagnetic interference (EMI) are minimal and of transient nature:
ICPs
May sense the field as myocardial potential - inhib; of output

Inappropriate re-programming 1CDs
Shut off reed switch -> fixed pacing Possible re-programming, transient
Triggering of output effect
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Sources of potential malfunctions for

CIEDs 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

HDR, breast, MammoSite®
Other...
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RECOMMENDATIONS

coming up.....
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