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The efficacy of deep brain stimulation (DBS) can be limited by stimulation-induced side
effects, occurring when current spreads to adjacent brain structures (1). Directional
electrodes were designed, in part, to overcome this issue. Segmented contacts allow
horizontal and vertical current steering to spatially refine the stimulation field, increasing
the therapeutic window (2). We describe a patient with Parkinson Disease (PD) who
experienced right peri-electrode oedema and behavioural changes four years post-
implantation, coinciding with a period when high density current was delivered through a

single segment on a directional lead in the relevant hemisphere.

A 50-year-old male was diagnosed with idiopathic PD including DaTSCAN imaging
demonstrating a left presynaptic dopaminergic deficit. He responded well to levodopa for

approximately five years.

At age 59, severe motor fluctuations and dystonic left leg posturing developed. His UPDRS-
Il was 31 OFF-medication and 10 ON-medication (68% improvement), cognitive
examination was satisfactory, and brain MRI showed moderate small vessel disease.
Medication comprised co-beneldopa 200/50mg five times a day, co-beneldopa controlled
release 100/25mg nocte, entacapone 200mg five times a day, rasagiline 1mg, and rotigotine

6mg/24 hrs.

Subthalamic nucleus DBS (STN-DBS) was performed in 2018, at age 60 (Vercise Gevia DB-
1200 and Cartesia Directional Leads, Boston Scientific). Inmediate post-operative MRI
revealed excellent lead location within the STN without radiological complications. Initial

stimulation parameters employed ring-mode (left STN contact 2-, 3-, 4-, 1.3mA, 60us,
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130Hz; right STN contact 1-, 1.2mA, 60us, 130Hz). Delayed ON-stimulation induced
dysarthria was managed by the combined use of short pulse width (30us), low frequency
stimulation (60Hz), and directional steering. In 2019, stimulation was further adjusted with
current steering in the right STN directed through a single segment (left STN contact 2-

(75%), 4- (25%), 6.1mA, 30us, 60Hz and right STN contact 2- (100%), 5.8mA, 30us, 60Hz).

Four years after implantation (2022), he was involved in a minor road traffic accident
followed by severe neck and shoulder pain. Facial numbness and jawline dysesthesia were
reported, but he was systemically well. A brain MRI 6-weeks later, revealed significant
increase in T2 signal with mass effect, around the right STN electrode tip that appeared to
track along white matter pathways, suggestive of vasogenic oedema (Figures 1A & B). Minor
degenerative changes, noted on cervical spine MRI, were not considered relevant to his pain
(controlled using opiates and pregabalin). Somatosensory evoked potential studies were

unremarkable. Electrode impedances were within normal limits.

It emerged that significant hypersexuality and secretive extra-marital liaisons had occurred
over the past 2-4 years. The rotigotine patch 6mg/24 hrs was withdrawn and we explored
whether high current density contributed to the oedema and behavioural changes. The right
STN stimulation parameters were modified to contact 2- (54%), 3- (23%), 4- (23%), 5.5mA,
30us, 60Hz. He continued to take co-beneldopa 200/50mg six to seven times a day and co-
beneldopa controlled release 100/25mg nocte. No other treatment or intervention for the
oedema was administered. A brain MRI 6-months later showed complete resolution of the
signal abnormality (Figures 1C & D). This coincided with a significant improvement in

impulsive behaviours and pain, without the need for further analgesia.
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Peri-electrode oedema is now considered a common post-operative complication of DBS
(3,4). It typically develops within three months post-implantation and most patients remain
asymptomatic. It may be caused by mechanical trauma during surgery, accumulation of
cerebrospinal fluid in the surgical tract or immunological hypersensitivity to implant

materials (3).

To our knowledge, we are the first to report a case of non-infectious peri-electrode oedema,
discovered four years post-implantation. This could potentially reflect either a detection
delay (since interval imaging following the immediate post-implant MRI was not available)
or a chronic inflammatory reaction to the materials used (5,6). It is theoretically possible
that the traumatic oedema was also caused by the accident. An excessive electrical charge
concentration through a single directional contact could have further exacerbated oedema

in tissue that was already made fragile.

We feel that the subsequent temporal sequence of events, however, renders these
speculations unlikely. The observed signal change resolved after DBS parameter
modification to allow reduction in current density with distribution across all three contacts
at one level. The behavioural changes, whether associated or not, also resolved within this
period. While this could be related to withdrawing from the dopamine agonist, stimulation
related psychiatric effects have been reported within the literature (7,8). They are
attributed to involvement of limbic structures, provoked by stimulating anteromedial
neurons within the STN (7). Reducing stimulation intensity or shifting to a more superior and

lateral electrode contact is known to minimise this issue (9).
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Further investigation is needed to fully understand whether these clinical and imaging
abnormalities were a side effect of high current density during unidirectional stimulation.
Peri-electrode oedema could be an intermediate state occurring prior to permanent tissue
damage caused by exceeding charge density (10), which has important implications for DBS

programming.
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Figure Legend

Figure 1

Top Row: T2 weighted MRI during single contact stimulation (activated contact in pink on
far left of figure). A and A’. Image through midbrain. B and B’. Image through anterior
commissure — posterior commissure (AC-PC) plane. High signal denotes oedema that
involves the area between right STN and red nucleus with medial displacement of the red
nucleus and third ventricle wall. Oedema also extends posteriorly towards the medial
lemniscus, anteriorly into the ansa lenticularis, laterally through the lenticular fasciculus, and
encases the posterior limb of the internal capsule. Bottom Row: T2 weighted MRI during
stimulation across all three contacts at one level (activated contacts in pink on far left of
figure). C, C’: images through midbrain. D and D’: Image through AC-PC plane. Oedema has
resolved. Subthalamic nucleus (green); lead (orange); orientation of the activated directional
contact derived from fused post implantation CT images (small orange arrow); simulated

stimulation field (red).
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