6/29/2012

MANAGEMENT OF
RADIOTHERAPY PATIENTS WITH
IMPLANTED CARDIAC DEVICES

Dimitris Mihailidis, PhD.,
Charleston Radiation Therapy Consultants
. Charleston, WV 25304

WHAT IS IN THIS PRESENTATION?

o Types of ICDs and ICPs.
o Current guidelines — protocol (T'G-34).

o What are the issues with cardiac device and
radiation deliveries?

o Review of literature since TG-34 area.

o Failures — case reports and scattered
guidelines.

o Sensitivities and potential failures.
o Cardiac devices and RT patients.

° o Dose estimation. During RT processes.
o Recommendations. .
VIL SPECIFIC RECOMMENDATIONS

Implantable
Cardioverter-Defibrillators p— The following protocol is suggested when evaluating pa- ) )
An overwhelming majority of sudden cardiac T'( tients for radiation therapy who have an implanted cardiac olo gy Patients with
deaths from coronary disease (approximately sHandan pacemaker. The task group is cognizant that each patient 1994
2 must be addressed individually and that in some cases it ers ( )
m s may be in the best interests of the patient to diverge from
d; N the recommendations. pl d cardiac
SE pl (D Pacemaker implanted patients should not be treated
o with a betatron.

(2) Pacemakers should not be placed in the direct (un-
E L ishielded) therapy beam. Some accelerator beams can cause
th ransient malfunction.
& (3) The absorbed dose (0 be receivad hy fhe nacemaker §
v should be estimated before trd Accelerator and during subsequent treatments if magnetron

r can be found in the literature ©F Klystron _unsfu‘mg (sparking) oceurs.

are @1 tal estimated.d (6) Studies to date have dealt with linear accelerators,
rev & exceed he pacemaker] betatrons. and cobalt irradiators only. Use of other radia-
cC prior to therapy and possibly tion therapy machines should be evaluated on an individ-
an: week oftheral;v_ Since total ay Ul basis and approached with caution.
chy d ers has been seen at cumulati

ide  Fi6.3. [Top] FivelCDs [Left to Right]: InSync Maximo model 7304, Concerto model C154DWK (VVE-DDDR), Entrust
model DIS4ATG, Maximo DR model 7278, and Virtuoso model D154AWG:; [Below]: four implantable pacemakers:
Adapta model ADDRO1, Versa model VEDROI, Sensia model SEDROI1, and Enpulse2 model E2DRO1 -

Uyorumuus
the conducti
b. <

gray and significant functional changes have been observed erference can cause

between 2 and 10 gray. early changes in pacemaker param- ™ around most con-

eters could signal a failure in the 2-10 gray region.®
(5) Although transient malfunction from electromag- fations

netic interference is unlikely from contemporary therapy J

accelerators and cobalt irradiators. the patient should be

closely observed during the first treatment with a linear
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Dose rate study
Influence of high-energy photon beam irradiation on
pacemaker operation

reports
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In conclusion, warnings given by manufacturers about the maximum
Jerabl p Forsafe operation o iradiated tolerance

(5 Gy} even reduced to 2 Gy. are not reliable. The spread of cumulative doses
inducing failures is very large since our observations show an important failure

at 0.15 Gy, while ten pacemakers withstood more than 140 Gy of cumulative .
dose. The safe operation of pacemakers under irradiation depends mainly on »artlal)
type and model. It depends also on dose rate. From our observations, for the
safe operation of pacemakers¢4 recommendation of a maximum dose rate o

0.2 Gy min~' rejecting direct irradiation of the pacemaker at a standard dose
rate for tumour treatment (2 Gy min~!) is made.
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1. Identify patient with ICP/ICD. Notify department per-
sonnel involved in direct patient care (i.e.. residents.
nurses, therapists. and physics staff) and flag treatment
chart with readily visible identifier. MAKERS AND

. Determine whether generator is located outside direct. pq pURING
unshielded RT field, and. if not. have device moved. If
not possible. have new generator placed at a distance and
existing generator deactivated. |rz. Pu.D.." anD

PHYSICY

3. [Estimate cumulative IR dose to generator from proposed
‘Univer]  |(reatment and move generator as in No. 2 above for dose
Phul estimate >2 Gy for ICP or >1 Gy for ICD.

bey, Thomas Jefferson University
Inent of Medicine, Division of

2 maker or provide |- "l Limit: 2 Gy scattered dose
o  deactivation instructions for ICDs. and full baseline in-

M terogation of ICP/ICD. b of potential damage to

T . \diation and to assess the

p ; patient management were

B Patient management during RT et
Chmrowere-commrer o werermme cT e prave paTerTSCeTers TespomE.

Resuls The published documentation of poenta e Abatcing malluncton o ICP aud 1CD devices expused

patient management precautions.
Conclusion: Precautions are necessary to minimize the risk to patients with ICP and ICD devices durin;
Tadiotherapy. Practical management guidelines are presented that can be readily adopted by any busy clinical
radiation oncology practice. € 2004 Elsevier Inc.

T0 electromagnetic interference and ionizing radiation er, major
‘manufacturer recommendations and wide variations are present among radiation oncology facilifies regarding

RECENT REVIEW ARTICLES

% The authors suggest categorising the patient
into three risk groups based on potential
clinical risks. (Low, Medium and High risk
E! groups). Low risk patients are those who

COMPLICATIONS are not pacemaker dependent, the pace-

maker is not directly in the radiation field

Radiothel and the dose to the pacemaker is likely to

cardiac p| be less than 2 Gy of scattered radiation.

Medium risk patients are those who are
s. sundar **, pacemaker dependent, the pacemaker is

canceRTREATHENT

* bepartment of Of
* Department of Of
< Department of M{

patients are those who are pacemaker
dependent, the pacemaker is not directly
in the radiation field and the dose to the

KEYWORDS pacemaker is likely to be more than 2 Gy
P of scattered radiation. Patients with pace- | Limit: 2 Gy scattered dose
e makers directly in the radiation field fall
E::::ﬁ:;:?;ﬁ into a high-risk category irrespective of the
Radiation damage 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.
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* The ICD should always be located outside the irradiation

field. Pt e Jﬂ\ J?’Z;f?‘l‘ilh
o The absorbed dose to be received by the ICD should be e e

estimated before treatment for ion purposes.
Estimation methods can be found in the literature (17).
Program the ICD temporarily to “monitor only” before
each individual irradiation fraction. After
with the patient’s cardiologist, consider switching the 5T GENERATION OF
ICD to “monitor only™ before the first irradiation fraction ~ tILLATORS

and only switch back to therapy mode after the complete

B.Sc.* axp

treatment is given. Consider that even if the ICD is turned S
off and on with every treatment fraction, no guarantee can Limit: <1.5 Gy scattered dose

be given that the ICD is still able to deliver a shock if [ g ememerme:
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
e the patient’s cardiologist and responsible clinical phys-
i V. photon beamn The s icist.
1o S dys pasd hetween consecutive i Have standard cardi y

directly available.
o 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- ’

RECENT REVIEW ARTICLES
Effects of Scatter Radiation on ICD and CRT Function

SURAJ KAPA, M.D..* LUIS FONG, Pu.D.,+ CHARLES R. BLACKWELL, M.S.t

MICHAEL G. HERMAN, Pu.D.,t PAULA J. SCHOMBERG, M.D.,t and DAVID L. HAYES, M.D.#
From the *Department of Internal Medicine, tDepartment of Radiation Oncology, and +Department of
Cardiovascular Diseases, Mayo Clinic, Rochester, Minnesota

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
cardiac devices are based on limited studies mostly involving pace-
makers. We sought to elucidate the effects of scatter radiation on i cardiover
(ICDs) and cardiac resynchronization therapy (CRT)-ICDs.

Methods: We exposed 12 ICDs and eight CRT-ICDs to 400 cGy of scatter radiation from a 6-MV pho-
ton beam. Devices were programmed with nominal parameters and interrogated prior to radiation, after
each fraction, upon completion 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 whom were interrogated prior to and after radiation.

Results: Interrogation reports 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 programmed parameters were found in our review of patients undergoing

Ci fons: Device reset or with scatter radiation likely represents an unpre-
dictable, rare occurrence. While we see no clear contraindication to radiotherapy in patients with ICDs or
CRT-ICDs, i hauld he taken to avoid direct radiation expasure and to closely evaluate patient
outcomes before and after the radiation course. (PACE 2008; 31:727-732)

: apy. If functional changes are observed, consider replace- -
Caiovertcr-deibelstor, Pacemaker, Radiotersp|  Ment of the 1CD.
T S———
-y .
EI XPERT 1 Radiotherapy-induce
CLINICAL INVESTIGATION Implanted Defibrillator + There are an increasing number of patients with implantable
. devices who require radiotherapy (RT) for cancer treatment.
IMPLANTED CARDIAC DEFIBRILLATOR CARE IN RADIATION ONCOLOGY « lonizing radiation can cause damage to sensitive circuitry
PATIENT POPULATION existing in current implantable devices.
f « There is a lack of clinical studies on effects of radiation on
Dapiina Y. GetsLuw, MD.,* anb Howarn Aviots, Pi.D. implantable devices bt theré are several reports of serious
" . - Ny o - " " — device dysfunction after RT.
Dparteats of *Radiaion Oncology and Mt Physics, Mol Stose-Keeriog Canoes Contt, New York, NY
e ) p ! * " + Implantable devices should not be placed in the direct therapy
Fernando Tondato,  beam; however, it is important to emphasize that scattered ient pacemakers and

treated \\nh low energy (<10-MV) photons v.huuvu possi- f
nunh[c Since the institution of that policy, we have not detected |d adefault

oTthe devie
This patient

ny further reprogramming events. We also continue 1o vig- s

Z"'HP['"*“' antly observe these patients, together with their cardiolo- A
quently tn thigists, as they go through treatment. treatment

of these patients e v ETSEvTer T

Implanted cardiac defibrillator, Radiotherapy. Patient monitoring.

Single-event upset .

:ardiac devices use
ve transistors. These
zing radiation, which
n general, a transient

Daniel W Ng, radiation can also interfere with these devices.
Komandoor Srivaths e Other types of energy, such as electromagnetic, can be
Gregory T Altemose generated during RT. These can also cause interference with

Michele Y Halyard . implantable devices. »f implantable device
and Luis R Scott" + There are rare reports of transient device malfunction induced sociation of Physicists
‘Author for correspondence ___by radiologic imaging tests. makers in 1994 This
Department of Cardisc [ Current guidelines are outdated and are restricted to >y used both in the

Electrophysiology, Mayo Cli | pacemakers. Updated guidelines are required, including specific n oncology. Updated
for

Tl +1 480 342 0239 « Implantable devices should be closely monitored between
Fax: +1 480 342 1606 radiation sessions.
scott luis@mayo.edu
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Effe. Planning

Pace 4 3p computer-assisted planning should be utilised
S

A (including CT data) to more accurately assess dose
FHuds  received by the pacemaker and aid in beam arrange-
et ment and shielding placement. *Gncolog.

Erioane,

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

¢ Hudsor imaging [EPI]). All shielding should originate from the
ocoun  treatment head, such as multi-leaf collimators or pre= 0. o

mounted lead shieldin:

comepe |3 TOtal dose received by the pacemaker/ICD should be | o Sven
e | kept as low as possible. Sation’ therspy
cwzt | e Max pacemaker dose should be kept to <2 Gy, or | 79°mne dete
el tor device relocation should be considered. At no point | edicine (e
Conter should the cumulative dose exceed 5 Gy o e
o | ® MaxICD dose <1 Gy, or device relocation should be | redaton sens:-
Sepemie considered. e
o dose rate and
A0E101T s psr - ‘scatter radiation, have only more recen
ine unexpired avenues of aecromac Limit: 2 Gy scattered dose IC

incorporsting newer treatment technol
Intendty moduited radation therapy: 1 Gy scatter dose ICD

ancology department empioy a polky fur we aueyeiiei. . peuks i

1CDs and pacemakers, potentially based upon an updated national or nter-

national standard simila to that released by the AAPM in 1994,

Key words: complementary metal oxide semiconductor; implantable cardio-

Verter defbrilstor; pacemaker; radation therspy.
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J. Radiat. Res. 52, 516-521 (2011) Regular Paper

Radiation Therapy in Patients with I d Cardiac P:
and Implantable Cardioverter Defibrillators:
Patient management before initiation of radiation

therapy

1. Identify patients with an ICP or ICD. Notify depart- Seiji ONO',
ment personnel involved in direct patient care. (RA',

2. Determine whether the generator is located outside SAY

the direct, unshielded radiation therapy field, and if
not, have the device moved.

R [3. Estimate the cumulative jonizing radiation dose (0
generator for dose estimates < 2 Gy for ICP or < Iefibrillators (ICDs)
are : rapy also is increas-
1 Gy for ICD. ;
ing g radiation therapy.
A T mveme TSI WIETEr e DA conucted on meth.
od is dependent or depen- - and after radiation
the dent. Provide deactivation instructions for ICDs, and ~ mail, fax, or e-mil.
Sia full baseline assessment of the ICP or ICD. cember 2008. Sixty
pat n therapy by dose-

volume histogram in 26 patients (42%) and by measurement of actual doses in 9 (15%). In one patient. the.
manimun ol dose was 2069 Gy oweve, n e oterputins. e ICPICL 7 33 9 Gy scattered dose IDP

Function of ICPs and ICDs was checked before radiation therapy in 38 patic
apy in 32 (529%), and both before and after radiation therapy in 20 (47%). | 1 Gy scattered dose ICD

patient with prostate cancer treated by intensity-modulated radiation therapy w e prostate, Even wia an
ICP or ICD is not within the field of radiation, malfunction of the device may still occur. To minimize the .
fisk to patients, precautions must be taken during the planning and administration of radiation therapy.

Soon thereafter a lump was discovered in the Therapy
right breast. A needle biopsy showed an infil-
trating ductal carcinoma and a right simple mas-
tectomy was performed. Postoperative radia-
tion therapy was advised and consisted of
delivery of 1000 rads per week through each of 5
ports. Treatments were given with 4-MeV
photons at a source to skin distance (S8D) of 80 jon therapy. Pacemaker malfunction oc-
cm, using a Varian Clinac-4 linear accelerator. :upied by an A-V sequential pacemaker.
One port, the “right supraclavicular fossa" en- function of the large scale integrated cir-
1 1 the area ied by the X 1uced effects. The newer multiprogram-
g,pnpralnr When the first treatment was given in | 0% previouslyavallable, (PAGE, Vol.5,
July, 1981, the electrocardiogram was moni-
tored to determine whether there was any alter-
ation in pacemaker function secondary to elec-
tromagnetic interference from the linear ac-
celerator. There was no evidence of pacemaker
malfunction.

At a dose of 3000-3600 rads she developed a
tachycardia. The electrocardiogram, (Fig. 1)
showed that the atrial pacemaker was firing ir-

)BERT S. HEUSINKVELD, and

arsity of Arizona Health Sciences Center,

sacemaker

regularly at a rate of 320 beats/min. [Analysis of the removed generator showed that

ker failure was due to malfunction of the
large scale integrated-complementary metal ox-
ide semiconductor (LSI-CMOS) circuit and the
type of damage was consistent with radiation-in-
duced effects.

CASE REPORT

The Cardiac Pacemaker Patient
Might the Pacer be Directly Ir==giici, 1 course. The patient received radiotherspy s an
inpatient. Figure 1 shows During
each fraction we performed an ECG and observed the rhythm on
From the Universitatsklinikum Freiburg, Ge a monitor outside. The cardiologist was with us during the first
fraction, and on stand-by for the further fractions. Pacer-function
analyses were completed before, in the middle (3 weeks later) and
after the radiation course. We irradiated the lymphatic nodes in
Acta Oncologica Vol. 39, No. 7, pp. 881-883, 2000 the right axilla up to a dose of 50.4 Gy without problems. At a
Received 13 Irmum) Wm fractionation of 5x 1.8 Gy per week, it took us about 6 weeks.
Jun The pacemaker functioned without failure during every fraction,
but the magnetic frequency of the pacer, which is usually an
indicator of the b.mery load, began to decrease.
the magnetic frequency way
ge criteria, but at no time wa
ere a malfunctionf At lhc next control the magnetic Trequency
was unchanged at 88/min. The pacemaker’s stimulation frequency
remained at the programmed rate. Four months 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.
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Abstract

The number of patients with implantable cardioverter—defibrillator (ICD) is rapidly increasing due to their expanding indications.
Amongst the various types of electromagnetic interferences, little is reported about the effects of radiotherapy. We report a case of electrical
reset of a single chamber ICD by scattered imadiation from radiotherapy.

Crown Copyright © 2007 Published by Elsevier Ireland Ltd. Al rights reserved.

Kewords: mpian|  TCD response to therapeutic radiation is generally
~|unpredictable and may potentially involve various para-
meters incorporated in individual ICD models. Recognition
of other potential lethal events such as complete device
failure, inappropriate shocks due to over-sensing and sudden
death are vital in our management of such patient groups.

CASE REPORTS OF FAILURES

Volume 60 Number 4
AugustSeptember 2009 509.512
The Autho

—sfunction o\t
L s
wdiation:

Casc Reports

sert Hawlicek, MD,

Table 1. Case Reports About Irradiation-Induced Pacemaker/ICD Failure

Reference No.  Year Type of Radiation Dose (Gy) ~ Type of Failure ~ Consequence ~In/Out* Device
8 2004 Linear accelerator 56 Electrical restart None Out Medtronic/VVI-ICD
9 1988 Cobalt 60 35 Runaway Replacement  In Intramedics/DVI
10 2003 Not reported 50 Loss of icati I In Vitat
11 1991 Linear accel 50 I d ! Out

betatron device
12 1984 Linearaccelerator 198 Fired ventricularrate  Replacement  In Intermedies/V'VI
13 1986 Linear accelerator ~ 84.6  Runaway Replacement ~ Out  Intermedics/DVI
14 1982 Linear accelerator 36 Runaway Replacement  In Intermedics/DV1
15 1994 Neutrons 48 Runaway Replacement ~ Out  Pacesetter/VVI
16 1983 Linear accelerator 20 Runaway Replacement  In Intermedics/DDD

Note: ICD = implantable cardioverter/defibrillator.
a. Device lying in or outside the radiation field.
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Fubkuds’, T. Sakac’, K., Aomuma®,

Abibough particle apprach for cancer erference is con
o o pationt weneig bl oo Qevien The po e o i iy 8 lay th ot of pince sod b
fon radotherapy on pacemakers (Ms) and implantable cardioverter defibrilatars (1CDs
e fated a condition of te p: forthe p implantable
such as patients with lung; o at Proton ), Uri-
vemiyof T, Nl bt of Rty Scincer (NIRS). A we i e eqincy of e soft emer v
very low, wesetd size; 24243 24’
o e cetarenceof te st rro. Al 3 ick aeybe pladie ossd were lacedbetind the e vice 10 provide bckscatior
tasiliis. To. ing panicl ther-
apy.the devices were laced utsde the diation field. The fcldsize was 10 10 emand Spread-out Bragg peck (SOB Pywas fem.
Cumulative in-fiek physical dose for cach of the # devices wers 110 Gy in & seasions of uradiation at PMRC and 1276 Gy in9
sessions u NIRS, respectively. After each radiation fraction i rapy was checked by the pgrammer. Data log ki,

by 35 12 md 18, which was at Gy
PMRC and about 71 Gy in NIRS, respectivel. On th othr hand,no soft e was observec on PMs. Nopermuneddevice mi-
1 Ieast inits inital telem-

ciry problam between the device and progrmmer was obscrved.
achustons: The ol srmr i

ny fumtion of ICDs, pemni=
nent deviee malfuncion had not been observed in this experimental study. Further quintiative anilysis in various settings is
nccded to esablish guidelines regarding the particle fierapy for cancer p devices,
o T. Hashimoio, Nene: . st None . bobe,Nonc . Okawa,Nove . Yo, Nooe: . Masa. Nore
Fukale Nowe; T, Salac, Ners K. Aoranem, Nes

Author

Cardiac pacemaker, Proton beam therapy, Neutron.
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o terature, evaluate all possible =
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SENSITIVITIES AND POTENTIAL FAILURES

o 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)
o Upsets in memory or logic circuits caused by neutrons-SOFT ERRORS:
+ Changes in stored values in memory or transient changes in micro-processor circuitry
- 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.
o Transient interference from high-dose-rate x-rays (not EMI):
«  Transient effect-no permanent damage, unless accumulated dose is high>
o Inappropriate sensing of device that lead to ICD shock
o Non-existent pacing output
o Reset or other effects
o Electromagnetic interference (EMI) are minimal and of transient nature:
« ICPs
o May sense the field as myocardial potential > inhibition of output
o Inappropriate re-programming
o Shut off reed switch = fixed pacing
o Triggering of output
- ICDs
o Possible re-programming, transient effect

SOURCES OF POTENTIAL MALFUNCTIONS FOR
ICDs & ICPS DURING RT PROCESSES

o Imaging for treatment planning (CT mostly).
o Imaging for Image Guidance (CT, Rad., EMI)

o RT treatment delivery (photons, protons,
neutrons, particles, other)

o Use of high energy photons, E>10 MV?
o Dose rate?

o IMRT, SBRT, VMAT, FFF beams, etc.
o Other...

PERIPHERAL DOSES IN PHOTON BEAMS
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DOSE ESTIMATION: PHOTON OUT-OF-FILED DOSE

RADIOTHERAPY
& ONCOLOGY

3.1. Constraints and limitations

When using the program the user has to realize that
certain constraints have 10 be considered. The PD percen-
i i Jated t
the 0 at dy. This is casy for SSD treatments, but for
isocentric techniques the wser has o calculate the dose at
s from the dose at isocentre. For non-coplanar,
orthogonal beams, the program should be used with caution

= CRR X /g (step 10)

In these equations the parameters and correctio
are defined as follows:

peripheral dose in % of dose at d,
| correction for photon cnery

Abstract _f"""" = correction for patient thickness alo!
axis

A software progry Jfues = correction for depth of PD point

wedges and shieldin,
Elsevier Science Ire|
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Leakage and Extornal Scatter: 9.8 Gy

2.2, Tangential beams

1 ofthe resulsof the 2-beam calculation for which the fnput is
e 1

tion, and ge h
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Fig. 1. Axial computed tomography slice showing contouring of the
leads (red arrowhead) and body (yellow arrowhead) of a pacemaker
in a case of left-sided breast cancer.
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Pre-radiotheraj

Take a detailed cardiac history.

Consult a cardiologist for recording baseline cardiac and pacemaker function (full device interrogation and electrocardiography).

Liaise with a cardiologist and a pacemaker centre to know dependency rates, the need to reprogramme

pacemakers and threshold doses.

Assess the necessary level of cardiac monitoring for individual patients.

Estimate the absorbed dose to the pacemaker and keep <10 Gy using asymmetric jaws, blocks, multileaf

collimators and wedges wherever appropriate.

Reposition the pacemalker if a safe dose cannot be achieved or if pacemaker is located within 3 cm of proposed
i portal to avoid i ies in dose calculation.

Notify department personnel involved in direct patient care.

Avoid using magnetic resonance imaging or positron emission tomography in radiotherapy planning as these

are potential sources of electromagnetic interference .

Always contour the pacemaker hody. electrode and lead separately as an argan ar risk..

Treatment on a linear accelerator has a higher chance of electromagnetic interference than a cobalt unit, may
be considered in select high-risk patients.

Always opt for another non-radiotherapy treatment modality if it will be safer and equally valid.

Consider using brachytherapy in appropriate cases.

WHAT ABoUuT IMRT?

— Leakage
— Patient scatter

— Collimator scatter

S. Kry, 2009

WHAT ABOUT SBRT AND FILTER-FREE BEAMS?
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Figure 5. Results of peripheral dose measurements (in the isocentric plane) as a function of the distance from the field edge for the lung
SBRT plans with a) 6 and b) I0MV flatiened and unflattened beams. The relative percentage reduction in peripheral dose (dev [U-F])

achieved by using FFF beams when compared to FF beams s indicated in gray in the top part of the figure.
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DOSE ESTIMATION: PROTON OUT-OF-FILED DOSE
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Courtesy of S. Kry

CHECK LIST FOR PATIENT MANAGEMENT
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