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Table 1. Dose to ICPs and ICDs™”

Dose at first

Dose at point of

Manufacturer Model First malfunction malfunction (Gy) failure (Gy)
ICPs  Medtronic EnPulse Lead impedance <80% 90 90
E2DRO1
Medtronic Kappa kd 701 Lead impedance <2,000% 100 100
Vitatron Model 860 Lead impedance <160% 80 120
Vitatron Model 860 Lead impedance <3,600% 80 80
Guidant Contak TR Bad communication 10 20
CHFD 1241
ICDs  Guidant Ventak PR1ZH VR HE 1852  Too-low shock energy of 22 J 120 120
St. Jude Medical ~ Photon uDR model V-232 sensing threshold 65% too 90 90
low (Vmin)
Medtronic Marquis dr model 7274 Attrial sensing threshold 100% 10 120
VVE DDDR too high
Medtronic Marquis dr model 7274 Bettery charge time increase 120 120
VVE DDDR by 40%
Biotronic Tupos LV/A+ Too low shock energy of 18 J 0.5 1.5
Biotronic Tupos LV/A+ Too low shock energy of 21 J 0.5 25
Table 2. Published reports of irradiation in patients with pacemakers
. . Prescribed  Dose to
Year Author Ref. Diagnosis Beam type dose pacemaker Result/note
1983 Pourhamidi 6  Oesophageal cancer X-rays 63 Gy 15 Gy Pulse generator damaged
1983 Quertermous et al. 7  Lung cancer Gamma 50.8 Gy  22.07 Gy Circuitry failure, rthythm error
rays
1986 Lee et al. 8  Breast cancer X-rays 39.6 Gy <40 Gy Tachycardia/pacemaker
in RT portal
1988  Brooks and Mutter 9  Lung cancer X-rays 35 Gy <35 Gy Tachycardia
1990 Mueller et al. 10 Bronchogenic carcinoma  X-rays 64 Gy 6.2 Gy Normally function/pacemaker
out of RT portal
1994  Raitt et al. 11 Thyroid malignancy Neutron 4.8 Gy 0.8 Gy Rhythm error
2006 Mitra et al. 12 Lung cancer X-rays 13 Gy 1.7 Gy Normally function/shielded
2007 Sepe et al. 13 Laryngeal cancer X-rays 60 Gy 2.5 Gy Normally function/pacemaker
out of RT portal
2008 Anusheel et al. 14 Breast cancer X-rays 504 Gy 43 Gy Normally function
2011 Youlia M et al. 15 Thoracic cancer X-rays 30 Gy 0.1 Gy Normally function/pacemaker
out of RT portal, but pacing
lead in portal
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Fig. 1. Structure of a pacemaker (http://www.understandingatrial
fibrillation.com/16).
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Fig. 3. Farmer-type chamber’s measurement view.
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Fig. 4. RTP’s measurement view.
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Table 3. Farmer-type chamber’s results (unit: nC)
Center A B
Pb 0 mm 4267  4.696 (0.11) 2.589 (0.06)
Pb 1 mm 3.266 (0.11x0.70) 1.527 (0.06%0.59)
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Table 4. Expected absorbed dose to pacemaker in RTP system

(unit: cGy)
Distance from No shielding Pb shielding Ratio
center (cm) (2 mm)

10 252 115 0.456

9.5 27.1 14.4 0.531

9 372 21.9 0.589

8.5 383 27.1 0.708

8 45.6 279 0.612

7.5 455 33.1 0.727

7 52.8 342 0.648

6.5 59.4 36.9 0.621

6 62.7 38.2 0.609

5.5 99.9 54.9 0.549

5 99.0 56.3 0.569
DVH Max. 164.6 77.3 0.469

Table 5. Functional test of the pacemaker using a programmer

Pre radiation therapy

Post radiation therapy Normal range

Ventricular pacing threshold 0.50 V/0.40 ms

Ventricular sensing threshold 11.20 mV
Lead impedance 477 ohms
Battery longevity 5.5 years

0.50 V/0.40 ms <1 V/0.4 ms
11.20 mV >6.0 mV
494 ohm 250~1,200 ohm

5 years -

201



O SHErARM X 2 5t2| K| 2012;24(2):197-203

5. 9] QAFAAPLE N Tl A=A A S §

A

o] AUTA| rolstoiof it

6. A48 QAE T3l 7170l 98 A s, A
7slofof gt

7. A% WA 24 7t 2AR Aule Fal QEA
Auks71E ZAoF MY who g QX|A|ACF gt

8. Head scatter®] o3gko| zm g2 XAIAIE A&l xpghs)
ofof i}

9. A& F F7144 in-vivo F4& sfofof

e M2 X J AR5, oA 9] E57, Agge] Hlo|
Ol ZAAIES| 7} o)Al Bxte] WRAAX Zoll g e
AL Besleha =R w0l Ay o ug A7AF
719} A7l A7) = o o]AlY 4_‘1_7]715011 st
o] FAE Q= 7)ol 9] 7]Fo] Aok & Aoz A
29,

AnEs

1. Infiniti Research Limited: Global cardiac assist device mar-
ket 2011-2015. 2012;1:5

2. AAPM REPORT No. 45 - The Management of radiation on-
cology patients with implanted cardiac pacemakers Report of
AAPM Task Group No. 34 1994;21:85-90

3. Sundar S, Symonds RP, Deehan C, et al.:
patients with artificial cardiac pacemakers. Cancer Treat Rev
2005;31:474-486

4. Hurkmans CW, Scheepers E, Springorum BG, Viterwaal H:
Influence of radiotherapy on the latest generation of
pacemaker. Radiotherapy and Oncology 2005;76:93-98

Radiotherapy to

202

10.

11.

12.

13.

14.

15.

. Hurkmans CW, Scheepers E, Springorum BG, Viterwaal H:

Influence of radiotherapy on the latest generation of im-
plantable cardioverter-defbrillators. Int J Radiat Oncol Biol
Phy 2005;63:282-289

. Pourhamidi H: Radiation effect on implanted pacemakers.

Chest 1983;84:499-500

. Quertermous T, Megahy S, Das Gupta S: Pacemaker failure

resulting from radiation damage. Radiology 1983;148:257-
258

. Lee W, Huang K, Mechling E: Runaway atrioventricular se-

quential pacemaker after radiation therapy. Am J Med 1986;
81:883-886

. Brooks C, Mutter M: Pacemaker failure associated with

therapeutic radiation. Am J Emerg Med 1988;6:591-593
Muller-Runkel R, Orsolini G, Kalokhe P: Moritoring the ra-
diation dose to a multiprogrammable pacemaker during radi-
cal radiation therapy. Eletrophysiol 1990;13:1466-1470
Raitt H, Stelzer J, Laramore E, et al.: Runaway pacemaker
during high-energy neutron radiation therapy. Chest 1994;
106:955-957

Mitra D, Ghosh K, Gupta P, et al.: Radiation dose monitor-
ing in a lung cancer patient with a pacemaker-A case report.
Ind J Radiol Imag 2006;16:4:875-877
Sepe S, Schaffer P, Krimmel K, et al.:
of laryngeal cancer in a patients with an implantable ICD.
Onkologie 2007;30:378-380

Munshi A, Wadasadawala T, Sharma PK, et al.: Radiation
therapy planning of a breast cancer patient with in situ pace-
maker-challenges and lessons. Acta Oncologica 2008;47:255-
260

Kirova YM, Menard J, Chargari C, Mazal A, Kirov K: Case
study thoracic radiotherapy in an elderly patient with pace-
maker. Medical Dosimetry 2011;37:192-194

Irradiation treatment



2
o>
ot
o
()]
re
re
ud
0z
o
=
O
N
N
o
1z
i
o
0
n2
rlok

bXtol HhARM R Zof Cigh Atz 21

Abstract

Case Report of Radiotherapy to a Breast Cancer Patient
with a Pacemaker

Seung Hoon Chae, Jang Pil Park, Yang Hoon Lee, Suk Hyun Yoo, Won Mo Seong', Kyu Bo Kim?

Department of Radiation Oncology, Seoul National University Hospital,
'Interdisciplinary Program of Radiation Applied Life Science, Seoul National University College of Medicine,
’Department of Radiation Oncology, Seoul National University College of Medicine, Seoul, Korea

Purpose: In this study, we considerate our radiation therapy process for the breast cancer patient implanted a
pacemaker applying the machine movement surgery, shielding, beam selection.

Materials and Methods: \We perform radiation therapy to a 54 years old, breast cancer patient implanted a
pacemaker. The patient underwent a surgery to move the position of a pacemaker to right side breast after
consultation with cardiology department. Prescribed dose was 5,040 cGy and daily dose 180 cGy for 28 fractions.
The 10 MV photon energy, field size 0/9.5x20 cm, half beam and opposing portal irradiation are used. To find out
appropriate thickness of shielding board, we carried out an experiment using a solid water phantom (30x30x7 cm),
a Farmer-type chamber (TN30013, PTW, Germany) and a shielding board (Pb 28x27x0.1 cm). We calculated
expected absorbed dose to te pacemaker with absorb ratio and shielding ratio. In the PTP system (Eclipse, Varian,
USA), we figured out how much radiation would be absorbed to the machine with and without shielding. First day
of the radiation therapy, we measured head scatter to the pacemaker with MOSFET Dose Verification System
(TN-RD-70-W, Medical Canada Ltd., Canada).

Results: In the phantom measurement, we found out appropriate thickness was 2 mm of shielding board. In the
RTP, when using 2 mm shielding the pacemaker will be absorbed 11.5~38.2 ¢Gy and DVH is 77.3 cGy. In the first
day of the therapy, 4.3 cGy was measured so 120.4 cGy was calculated during total therapy. The patient was free
from any side effects, and the machine also normally functioned.

Conclusion: As the report of association which have public confidence became superannuated, there is lack of
data about new machine. We believe that radiation therapy to thiese kind of patients could be done successfully
with co-operation, patient-suitable planning, accurate QA, frequent in-vivo dosimetry and monitoring.

Key words: pacemakers, breast cancer, shielding, radiotherapy
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