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ABSTRACT

Background. As deep brain stimulation (DBS) and radiation therapy (RT) have become established treatments for movement 
disorders and malignancies respectively, patients being treated with both simultaneously are becoming more frequent. 

Objectives. Literature regarding the safety of RT in patients with implanted DBS is scarce, and there are no clear guidelines on 
how to manage them.

Methods. We present a follow-up of two Parkinson’s Disease (PD) patients with DBS undergoing RT in the context of previous 
literature. 

Results. No adverse events nor malfunctioning of the DBS system were observed. This was in line with previous reports. 

Conclusions. Since there are no clear safety guidelines for RT in DBS patients, it is important to document experience in this 
field. A combined approach involving multidisciplinary discussions between neurosurgeons, radiotherapists, clinical oncologists 
and neurologists is recommended. 
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Introduction

Since DBS became an effective treatment of PD and other 
movement disorders, more than 150,000 devices have been 
implanted worldwide [1]. On the other hand, 14 million people 
are diagnosed with malignancies every year, and half of them 
will require RT in the course of their disease [2, 3]. Therefore, 
to consult a patient with DBS who requires RT is becoming 
more frequent. We looked for biomarkers of good outcome 
after surgery. The question of neoplastic disease in remission 

as an indication for potential DBS therapy in advanced PD 
remains unclear [4]. Unfortunately, literature on the safety of 
radiation therapy in patients with implanted DBS is scarce, and 
there are no clear guidelines on how best to manage them [5].

Methods

We followed up two PD patients with implanted DBS who 
required RT due to various malignancies in the context of 
previous reports of such a coincidence.
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Results

Patient 1 was a 67-year-old male with a diagnosis of PD 27 
years earlier. He underwent left-sided pallidotomy in 2002, 
with a significant improvement which lasted for about eight 
years, and again in 2012 at the age of 65. Due to disabling peak 
L-dopa dose dyskinesias and motor fluctuations, he was qua-
lified to bilateral subthalamic nucleus deep brain stimulation 
(STN-DBS). Two-stage neurosurgical implantation of a St 
Jude Libra DBS system was done without any complications. 
Improvement after STN-DBS was measured with UPDRS. 
Improvement in UPDRS was 27% one year after surgery. Re-
duction of LEDD at 43% throughout a two-year observation 
resulted in significant improvement of dyskinesias. At the 
time of qualification for DBS, he was diagnosed with prostate 
cancer during hormonotherapy, and was stable on urological 
examination and biochemical markers (PSA). Nevertheless, in 
November 2013 local progression of the disease was diagnosed 
and pelvic RT with 30 Gy in 10 fractions without any compli-
cations was performed. Three months later, he was admitted 
to the Neurology Department due to a first-in-life incident of 
generalised seizures. CT brain scan showed two lesions in the 
left hemisphere, one of them near the DBS electrode (Fig. 1), 
with further local progression of cancer with metastases to 
retroperitoneal lymph nodes. The patient was qualified for pal-
liative RT of the brain metastatic tumours with 6 MV photons 
and a dose of 20 Gy in five fractions. Estimated maximal dose 
for brain DBS electrodes was 21 Gy. Neurostimulation was ON 

during the whole RT procedure. After treatment, regression of 
tumours was observed in MRI. No complications for patient 
or the DBS system were seen for the next six months. Unfor-
tunately, due to disease progression and urosepsis, the patient 
died in May 2015. An autopsy was not performed.

Patient 2 was a 68-year-old female who had suffered from 
PD for 29 years. In 2010, due to motor fluctuations and very 
severe peak levodopa dose dyskinesias, she was qualified for 
bilateral DBS-STN (Medtronic Soletra). At the time of qualifi-
cation, she had a history of left-sided mastectomy due to breast 
cancer. At the 7 years follow up, a motor improvement in UPD-
RS of 40% and a reduction of LEDD of 51%, with a significant 
decrease of dyskinesias, were observed. In 2015, left IPG was 
replaced with Medtronic Activa SC. In 2016, local recurrence 
of breast cancer close to the IPG was diagnosed and she was 
qualified to RT. In September 2016, radiation therapy of the 
left supraclavicular and subclavian area with 15 MV photons 
and dose of 20 Gy in five fractions was carried out. Maximal 
estimated dose for left IPG was 1.7 Gy. Neurostimulation was 
ON during the whole RT procedure. Immediately after RT 
and during the last control (February 2017), no dysfunction 
of the DBS system was observed, with oncological remission.

Discussion

Experience of the use of RT in patients with DBS is scarce. 
Nutt et al. published an example of very serious consequences 
of diathermy for DBS [6]. Similarly, full body coil MRI might 
be harmful for DBS patients [7]. 

These arguments prompted us to seek to determine the 
safety guidelines for other procedures such as RT in conjun-
ction with DBS. The leading DBS manufacturer has stated 
that “the DBS system may be affected by, or adversely affect,… 
radiation therapy.” [8]. There are only two previous case reports 
detailing the safety of irradiation of a pulse generator device, 
and two reports on the safety of cranial RT in a patient with 
an implanted DBS. In the report by Mazdai et al. [9], a patient 
being treated with DBS for severe PD underwent radiation 
therapy to the head and neck. In this case, the estimated dose 
to the device was 7.5 Gy. In a similar report by Borkenhagen 
et al. [10], a patient with bilateral DBS devices implanted for 
the treatment of PD underwent radiation therapy to a left up-
per lung tumour directly underneath the location of the IPG. 
The mean dose to the device was 5.53 Gy, and the maximum 
dose was 48.12 Gy. Follow-up interrogation of IPG revealed 
no changes in its settings or evidence of malfunctioning. In 
both cases, the IPGs were found to be in good working order, 
despite receiving a radiation dose exceeding typical pacemaker 
tolerances (3–5 Gy) [11]. In the third case, a patient who had 
a DBS implanted for the treatment of severe PD underwent 
a course of hypofractionated radiation therapy (21 Gy in three 
fractions of 7 Gy per fraction delivered over seven days) for 
the treatment of two brain metastases using stereotactic dy-
namic intensity modulated arc therapy [12]. In this case, the 

Figure 1. Two metastatic brain tumours, one near DBS electrode, 
in left hemisphere of Patient 1 (CT scan)
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electrodes received less than 1 Gy and the pulse generator 
received less than 0.01 Gy. Regarding the fourth patient, the 
IPG was well outside the field of radiation therapy and received 
a nominal dose of only 6.1 cGy/fraction (61 cGy total), but 
the electrodes received a maximum of 33 Gy [13]. Data from 
these previous four case reports and from our two patients is 
set out in Table 1. Much larger experience with pacemakers 
and implantable cardioverter defibrillators (PM/ICD) shows 
that patients undergoing RT with electrons or kV photons 
do not need supplementary device evaluations in the PM/ 
/ICD clinic. Because the impact of RT on a device depends on 
the beam energy rather than the total dose of radiation, it is 
recommended to limit photon beam energy to ≤ 10 MV when 
possible. The frequency of pacemaker malfunction is about 
3%, and mainly consists of device resets and, exceptionally, 
replacements [14]. 

To minimise IPG exposure to RT, especially when the 
device is located very close to a tumour, surgical relocation 
of IPG using a longer extension should be considered [15]. 
Maintaining cardiostimulation during radiation therapy, espe-
cially for patients who also have an implanted ICD, is crucial. 
Similarly, in patients with movement disorders, turning off 
the neurostimulation makes the RT procedure impossible to 
perform due to involuntary movements. Thus, turning off the 
stimulation during RT is in fact not recommended because 
in the majority of reported cases IPGs were turned on, and 
procedures were safe. Radiotherapy is an established therapy 
method in oncology, so it is important to suggest that manu-
facturers consider a built-in ‘safe RT’ approach in the devices. 
Furthermore, we believe it would be sensible to report all cases 
of DBS patients undergoing RT and to create a web-based 
registry of such coincidences. 

Conclusions

As the number of patients with DBS continues to rise, the influ-
ence of RT on those patients should be analysed. It is important 
to document the experience of DBS patients simultaneously 
receiving RT. We believe that all previously reported cases add to 
the argument for adopting a combined approach for patients, with 
multidisciplinary discussions between neurosurgeons, radiothe-
rapists, clinical oncologists and neurologists. Drawing on the 
analagous experience of cardiologists in the field of implantable 
pulse generators, safety guidelines will be established in the future. 
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Table 1. Data on radiation therapy in previously reported cases and our two patients

Author and year 
of publication 

(number of pts)

Indication 
for DBS

DBS 
system

Tumour 
localisation 

(radiation dose)

Beam 
energy

Radiation 
dose for IPG

Radiation 
dose for 

electrodes

Clinical 
consequences

Mazdai et al. 2006 
(n = 1)

PD Medtronic Head and neck 
(66 Gy — 33 frac.)

4 MV 
photons

7.5 Gy (total) – None for DBS system

Brokenhagen et al. 
2014 (n = 1)

PD Medtronic Lung close to IPG 6MV 
photons

Mean 5.53 Gy

Max. 48.12 Gy

NA Three years follow-up 
(tumour cured). None 

for DBS system

Guy et al. 2014 
(n = 1)

PD – Lung (brain meta-
stases –21 Gy 

— 3 frac.)

– < 0.01 Gy < 1 Gy None for DBS system

Kotecha et al. 2016 
(n = 1)

Tremor Medtronic, 
lead model 

3389

Brain metastases 
(WB-RT, 30 Gy 

— 10 frac.)

6 MV 
photons

0.61 Gy (total) Mean 28 Gy

Max. 33 Gy

None for DBS system

Patient 1 PD St. Jude 
Medical 

Libra

Brain metastases 
(WB-RT, 20 Gy 

— 5 frac.)

6 MV 
photons

– Mean 9.9 Gy

Max. 21 Gy

None for DBS system

Patient 2 PD Medtronic 
Activa

Breast cancer 
(20 Gy — 5 frac.)

15 MV 
photons

Mean 0.6 Gy

Max. 1.7 Gy

– None for DBS system
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