BRIEF COMMUNICATIONS

An Unusual Inflammatory Response to Implanted

Deep Brain Electrodes

Peter S. Hughes, Jerry P. Krcek, Douglas E. Hobson, Marc R. Del Bigio

Can. J. Neurol. Sci. 2011; 38: 168-170

Since the late 1980s, deep brain stimulation (DBS) has gained
increasing popularity in the treatment of movement disorders
and other conditions. The U.S. Food and Drug Administration
approved DBS of the thalamus for the treatment of Parkinson’s
disease and essential tremor in 1997, and DBS of the
subthalamic nucleus and the globus pallidus internus for patients
with Parkinson’s disease in 2002!. Deep brain stimulation has
also found a role in the management of dystonia, Tourette
syndrome and obsessive-compulsive disorder’. By the end of
2007, more than 35,000 patients worldwide had undergone DBS
therapy?.

Despite the large number of procedures, fewer than 50
autopsy reports have documented brain changes associated with
the electrodes. In general, the placement of DBS electrodes and
other types of invasive hardware into brain tissue is thought to
induce only minor changes in the surrounding parenchyma,
typically consisting of mild astroglial and microglial responses®.
Here we report the autopsy findings of a man who underwent
DBS for treatment of dystonia and at the time of death was found
to have dense lymphocyte collections surrounding the electrodes.

CASE DESCRIPTION

This man suffered from a generalized dystonic tremor,
principally involving his upper extremities, with mild dystonia in
his right leg. The symptoms had begun when he was 12-years-
old, but had not interfered with his daily activities until he was in
his 30’s. Two other family members reported similar symptoms.
Despite trials of several medications (including propranolol,
topiramate, acetazolamide, lorazepam, levodopa and
gabapentin), the dystonia and tremor progressed, eventually
interfering with eating, writing, and carrying out his work as a
farmer. At age 52 years, he underwent placement of a Medtronic
Kinetra stimulator (Model 7428; Medtronic, Minneapolis MN)
with bilateral quadripolar electrodes (Medtronic model 3387) in
the ventro-intermediate thalamic nuclei. The stimulating
electrodes are platinum-iridium and the wire leads are coated
with 80A urethane’, which is a polytetramethylene glycol-based
polyurethane elastomer catalyzed with dibutyltin dilaurate®. He
reported a substantial improvement in his tremor and dysarthria,
and was able to function without any medication. During the
entire treatment period the active electrodes bilaterally were the
proximal (+) and penultimate proximal (-) electrodes. The initial
parameters were pulse width (60usec), rate (130Hz), impedance
(right 614 ohms and left 793 ohms), and current (right 70 A and
left 354 A). Two years later the rate was increased to 160Hz and
the right side current was increased to 105uA. One year later the
left side current was increased to 70pA. Ten months prior to
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death the settings were restored to the original levels; at that time
impedance was ~1050 ohms bilaterally. Two months later (eight
months prior to death), the impedance remained stable. Shortly
thereafter the battery was replaced without complication. Seven
months later, at the age of 56 years, the man collapsed and could
not be resuscitated from ventricular fibrillation. No neurological
changes had been reported in the months prior to death. The
autopsy revealed a single focus of active myocarditis and
multiple foci of myocardial fibrosis consistent with healed
myocarditis, which may have caused an arrhythmia. Myocarditis
due to viral infection is a well-recognized cause of sudden
death’.

Except for the electrode wires entering the frontal lobes, the
brain (1,545g) was grossly normal. Coronal sections through the
cerebral hemispheres confirmed the electrode position within
both thalami, terminating at the upper margin of the subthalamic
nuclei (Figure A). Microscopic examination of brain tissue
surrounding the lead paths showed mild loss of neurons, a thin
collagen sheath, rare reactive astrocytes (demonstrated by glial
fibrillary acidic protein (GFAP) immunostaining), and small
collections of perivascular lymphocytes. Along the middle one
cm of the right electrode array, likely corresponding to both
active and inactive electrodes, multiple foci of perivascular
lymphocytes were present. There were no multinucleate giant
cells and no refractile material evident on polarized illumination.
In the left thalamus a 1.5cm electrode array site was evident.
Inflammation was most prominent in the dorsal region,
corresponding to active electrode sites (Figure B). On polarized
illumination very rare multi-nucleate giant cells with streaks of
refractile material (possibly polyurethane debris) were identified
near the electrode tip in the ventral thalamus. These cells were
surrounded by collagen with no lymphocytes in the immediate
vicinity (Figure C). Immunostaining showed roughly equal and
intermingled populations of CD3 positive T-lymphocytes (CD4
greater than CDS8) and CD20 immunoreactive B-lymphocytes.
Immuno-staining for human leukocyte antigen (HLA-DR)
demonstrated rare monocytes among the lymphocytes and
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Figure: A. Photograph of coronal section through left thalamus showing electrode in situ, The two most dorsal electrodes were the active ones {arrow),
B. Photomicrograph (hematoxylin and eosin stained section) showing dense collection of lymphocytes (arrow) adjacent ro the dorsal electrodes on the
left side. C. Photomicrograph (hematoxylin and eosin stained section, polarized light) showing a multinucleate giant cell that contains refractile
material (arrow), There are no lymphocytes in the immediate vicinily of this cell, which was near the ventral electrode tip. Bar = 400um for B and 20um

Jor C.

microglial activation extending ~300 microns beyond the
electrodes. Inflammation was negligible along the wire path.
There was no evidence for meningitis or generalized encephalitis
except for a single small focus of perivascular lymphocytes in
the right caudate nucleus head. There was no microscopic
evidence of disease that would explain the dystonia and tremor.

Discussion

The perioperative risks associated with DBS are well
documented, and include intracranial hemorrhage and infection
at the implantation site!°. Less clear, however, is the way in
which brain tissue responds to chronically implanted hardware.
Tissue reaction to stimulating electrodes could impair current
delivery into the surrounding brain tissue''. The cellular
mechanisms through which brain tissue responds to the
introduction of a foreign body and the matter of electrode
'biocompatibility' have been reviewed'2. Several animal studies
have demonstrated that electrodes chronically implanted into
brain tissue induce a transient localized microglial reaction. This
is accompanied by a more sustained astrocytic reaction, which
leads to the formation of an “insulating” sheath around the
foreign body'. A chronic inflammatory response may be the
driving force behind these histological changes, and it appears
that the effect is related to the presence of a foreign body, rather
than the trauma associated with electrode insertion'.
Continuously active electrodes appear to cause a more marked
reaction than intermittently active electrodes or electrodes
through which no current is passed'>. A few experimental reports
caution that focal necrosis can occur with the application of an
unbalanced monophasic current'®, Other animal studies have
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suggested that the damage depends on the electrode material
(e.g. stainless steel is more irritating than platinum-iridium) and
possibly the charge density!”.

Autopsies have been reported on fewer than 50 human
subjects who died with DBS electrodes in place. These have
revealed histological changes similar to those reported in the
animal models. The largest study documented findings in the
brains of eight Parkinson’s disease patients whose electrodes had
been operating for up to 70 months. Mild reactive astrogliosis
was evident around the electrode lead tracks, but the surrounding
neural parenchyma was well preserved. In two of the cases there
was slight microglial activation and rare (“foreign body type™)
multinucleated giant cells'™. A review of 37 published
autopsies®, as well as single case reports not covered in the
review!? 2, documented comparable features as well as
collagenous encapsulation of the wire track. Only scattered
lymphocytes in the vicinity of the electrode tracks have been
reported® . In addition to the case reported here, we have
examined an autopsy case of a 73-year-old man with Parkinson
disease in whom tremor was treated with bilateral subthalamic
stimulators for four years, The minor histological changes were
similar to those previously reported in literature. One post-
mortem study used electron microscopy to examine fragments of
brain tissue attached to 21 explanted DBS electrodes. The
authors  speculated that electron-dense inclusions in
macrophages were fragments of polyurethane®,

This case stands out from previously published cases by
virtue of the intense lymphocytic infiltrate at the electrode sites.
There are several possible explanations for this. First, this might
simply represent an extreme of the body’s response to platinum-
iridium electrodes or polyurethane degradation products.

169


https://doi.org/10.1017/S0317167100120840

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

However, our observation that the foreign body giant cells with
refractile material were not associated with lymphocytes argues
against this point. Second, this could represent a response to
small quantities of residual dibutyltin dilaurate in the
polyurethane coating of the wire leads, although there is no
evidence in the toxicology literature to support such an
inflammatory response®'**, Third, the reaction could represent a
local exacerbation of foreign body inflammation in the setting of
a systemic viral illness. Such a phenomenon has been suggested
in the dermal implant literature™. Supporting this hypothesis is
the fact that this man had evidence of similar focal inflammation
in the heart. Furthermore, within a few weeks of the reported
case, three other autopsy cases with incidental mild focal
encephalitis were encountered. A variety of common, usually
benign, seasonal enteroviruses are capable of causing
myocarditis and encephalitis®. To what extent the brain
inflammation contributed to this man’s death is unknown.
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