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 In the USA 63,000 cases of head and neck cancer will be diag-
nosed annually (excluding skin cancers) [1]. Of these, 78% are likely 
to have radiotherapy as part of their treatment [2]. Coinciding with 
this are an estimated five million artificial cardiac pacemakers world-
wide [3] and over 70,000 people with Deep Brain Stimulators (DBS) 
for a variety of reasons [3,4].

 Case reports and in vitro studies have highlighted potential clinical 
consequences of delivery of ionising radiation to these devices. Lim-
ited evidence exists in the literature to guide safety assessments when 
prescribing radiotherapy that may cause electromagnetic disturbance 
to these devices.

 A previous case reported a patient with severe Parkinson’s disease 
and DBS requiring radiotherapy for larynx squamous cell carcino-
ma with bilateral lymphadenopathy and extracapsular extension. To 
control the tremor, device settings were switched to maximal during 
each fraction. There were no deleterious effects on the device from 
scattered dose of 7.5Gy over 33 fractions [5].

 Guy et al., reported a case of palliative radiotherapy to metastatic 
frontal cerebral lesions. A hypofractionated scheme delivered 21Gy 
in 3 fractions over one week using dynamic intensity-modulated ra-
diotherapy [6]. Less than 1Gy and less than 0.01Gy were observed on 
the electrodes and on the generator respectively [6]. No changes were 
made to the devices during delivery of radiotherapy.

 More recently successful delivery of whole brain radiotherapy in 
a patient with deep brain stimulators was reported [7]. In this case the 
first three fractions were delivered whilst the DBS remained turned 
on and the subsequent seven fractions with the device switched off 
after manufacturers advice. No difference in patient symptoms was 
reported.

Case Report
 A 52-year-old man presented with a malignant atypical fibrox-
anthoma, since renamed dermal pleomorphic sarcoma, on his right 
forehead. Histology revealed a high mitotic rate and perineural inva-
sion. Subsequent palpable masses in the parotid were resected by su-
perficial parotidectomy and modified right neck dissection. Histology 
confirmed metastases with positive margins in the parotid, strongly 
indicating radiotherapy.

 The DBS electrodes had been implanted in the sub-thalamic nuclei 
bilaterally as seen in figure 1a three years prior to this cancer diag-
nosis, along with bilateral leads going down the neck to Implanted 
Pulse Generators (IPGs) in the chest. Advice from DBS manufactur-
ers Medtronic was to switch the device off before each fraction using 
a Medtronic DBS control unit (Table 1). Voltage was slowly reduced 
to zero bilaterally. A physician was on hand during each treatment, 
after which the bilateral DBS were switched on and voltage increased 
gradually back to usual parameters.
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Abstract
Background: Head and neck radiotherapy in people with deep brain 
stimulation is going to be an increasing concurrence. There is very 
little guidance as to how to manage this.

Methods: A man with severe Parkinson’s Disease dependent on 
deep brain stimulators required high dose radiotherapy for a pleo-
morphic dermal sarcoma or malignant fibrous histiocytoma. The con-
tra-lateral Implantable Pulse Generator (IPG) received a low dose 
(2.93Gy) from divergence and the uni-lateral lead the full dose (60Gy 
superiorly and 54Gy inferiorly). We received advice from the manu-
facturer and the very limited literature.

Results: The device was safely turned off for each of 30 fractions. 
The patient has remained free of cancer for 4 years and the deep 
brain stimulator leads and IPGs remain functional.

Conclusion: It is possible to give a low dose of radiation to a deep 
brain stimulator IPG and a high dose to a lead with minimal effect.
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 In the post-operative period before beginning radiotherapy, our pa-
tient began to have increased symptoms from his Parkinson’s disease 
such as dysphagia and dysphonia, motor in coordination and rigidi-
ty. During radiotherapy symptoms continued to worsen, prompting 
a recommendation for the voltage to be increased slightly. Increased 
voltage from 3.6 to 3.7mV in the last few days of radiotherapy dou-
bled the current, while impedance was unaffected (Table 2). His Par-
kinson’s symptoms improved considerably.

 Radiotherapy delivered 60Gy in 30 fractions to the 95% volume 
covering the right frontal, temple and parotid areas and 54Gy to the 
right lower neck (Figures 1a, b). It was planned using IMRT with a 
6MV beam. The deep brain stimulator casing was protected with lead 
shielding over the chest. The patient was monitored via CCTV during 
the treatments. The treatment was completed without any immediate 
complications although has expected the usual radiation effects oc-
curred requiring daily dressings.

 The left chest IPG received 2.93Gy from divergence. The right 
neck lead received 60Gy superiorly and from level 3 inferiorly 54Gy 
as it was within the Planning Tumour Volume (PTV) (Figure 1b). The 
electrodes in the sub-thalamic nuclei received virtually no dose.

 Our patient remains free of cancer 4years post-radiotherapy. Two 
years after radiotherapy, the electrodes moved and were replaced in 
the sub-thalamic nuclei, however the IPGs and leads have lasted at 
least 4 years without problems. His Parkinson’s symptoms have not 
changed over the last 10 years. He is still able to live independently in 
his own home.

Discussion
 Described as a rare primary cutaneous sarcoma, pleomorphic der-
mal sarcoma locoregional cutaneous metastases are reported to occur 
in up to 10% of cases [8]. However, the reporting of radiotherapy and 
post-operative radiotherapy is sparse despite the reported rate of loco 
regional disease. This was clearly a malignant disease with metasta-
ses to the right parotid and a positive margin at resection, therefore 
post-operative radiotherapy was recommended.

 Planning envisaged two problems. Radiation-induced IPG dam-
age and cerebral side effects on ON/OFF switching of the DBS de-
vice.

 Radiation damage to DBS may be due to similar processes that oc-
cur in pacemakers. Titanium casing offers minor protection [3]. Pace-
maker malfunction during radiotherapy is a consequence of damage 
to hardware and software [3]. Susceptibility to radiation is either due 
to destruction of electrical components (often with direct irradiation) 
or effects on the random access memory (secondary to scatter radi-
ation or electromagnetic interference) [6]. Abnormal current flows, 
changes in threshold voltage and alteration of stimulation threshold 
due to thermal damage at electrode tips can occur [3]. The metal ox-
ide semiconductor circuitry used in cardiac pacemakers is sensitive to 
radiation effects and therapeutic stimulation thresholds can be altered 
due to thermal damage at the stimulating surfaces of pacemaker elec-
trodes [9].
 

Figure 1a: Planning Computerised Tomography (CT) images showing part 
of Planning Tumour Volume (PTV) (red for 60Gy and light blue for 54Gy) 
and deep brain stimulator devices in chest and leads in neck and brain.

Figure 1b: Lateral view of radiotherapy plan showing.

yellow=primary site with wax bolus on surface
red= high-dose volume 60Gy
pink= moderate dose volume 54Gy
light green= left sided stimulator unit
dark green= right sided stimulator unit
purple=spinal cordMEDTRONIC additional guidance

Electromagnetic radiation has the potential to:
• Generate enough interference to change or reprogram the neurostimulator parameters
• Turn the neurostimulator on or off
• Induce or conduct excessive current in the lead or extension systems causing tissue 

damage

Guidelines recommend that the neurostimulator should be turned off to reduce patient dis-
comfort, overstimulation effects and tissue damage (MEDTRONIC unpublished guide-
lines correspondence 2012).

Table 1: MEDTRONIC information on using radiation therapy and possi-
ble risks with deep brain stimulators.
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 The potential damage to DBS systems and leads by Magnetic Res-
onance Imaging has been explored in greater detail than radiotherapy 
induced damage. This has been particularly so with CNS MRI imag-
ing which is used to confirm placement post implantation. MRI heat-
ing of the electrodes has been shown to induce significant temperature 
changes at the electrode tip and local tissue damage. This damage has 
been described as oedema and local haemorrhage [10]. Although a 
single case report, delivery of whole-brain radiotherapy by Kotecha et 
al., did not report side effects within their patient with no discernible 
damage to leads or electrodes. It could be expected that local effects 
of radiation on the lead in our patient would occur but the dose to 
electrodes was negligible.

 Little exists in the literature regarding turning the DBS device ON/
OFF so frequently. Our patient had his device switched ON/OFF thir-
ty times over a period of 6weeks. Daily recordings of the parameters 
showed no change in current or impedance until the voltage was in-
creased. Alteration of DBS can lead to clinical manifestations such as 
pathological crying, transient apathy, depression, anxiety and invol-
untary laughter [11,12]. Deep brain stimulation can worsen speech 
and gait in some patients, requiring stimulation parameters to be ad-
justed [13].

 Patients with DBS have been reported to have an increased rate of 
suicide14but this is disputed as reviewed by Faggiani and Benazzou-
za et al., [14,15]. Our patient felt happiness when DBS was switched 
on again and the voltage was increased. It is unclear if the temporary 
worsening of Parkinsonian symptoms in our patient was due to fre-
quent switching ON/OFF, but his symptoms improved when voltage 
was slightly increased. Extensive and high-dose head and neck radio-
therapy can be expected to cause temporary worsening of mobility 
and strength even without Parkinson’s disease.
 

Conclusion
 This case highlights the limited understanding of the hazards of 
radiation therapy in patients with DBS. The published literature now  
sets out the delivery of various dose fractionation schedules and dose 
exposures to the DBS device that have resulted in limited consequenc-
es for the patient. However, in some cases this may require direct 
radiotherapy to the implanted device and have greater potential for 
device malfunctions than have been documented in our and previous 
case reports. This may even require position changes of IPGs. A clear 
outline of the risks, potential clinical problems and a pre-determined 
management plan need to be formulated before commencement of ra-
diation therapy (Table 3). Communication of the risks with the patient 
and colleagues is key but unfortunately in most cases the seriousness 
of the underlying cancer is warrant enough to continue with radiation 
treatment.

Table 2: Impedance and current before and after each fraction of radiotherapy.

S No Factors to consider before starting therapy

1 Availability on daily basis of Nursing staff, Physicist, and Oncologist 

2 Direct irradiation to the casing and scatter radiation

3 Severity of symptoms with device turned off

4  Access to equipment to turn DBS On/OFF

5 Setup of radiation room and availability of CCTV to monitor patient

6 Pre-existing symptoms

7  Previous radiotherapy and exposure of DBS

8  Specialist Neurology input

9 Access to Psychiatric support

Table 3: Planning considerations to address prior to beginning therapy for 
patients with DBS.
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