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Abstract

A 59-year-old Caucasian man with a past history of Parkinson's Disease(PD) status post bilateral
Subthalamic Nucleus(STN) deep brain stimulation(DBS), who also had treatment-resistant(TR)
obsessive-compulsive disorder(OCD), and treatment-resistant depression(TRD), presented for
further evaluation and management of his TR OCD. After an unsuccessful attempt to treat his
OCD by reprogramming his existing STN DBS, he was offered bilateral ventral capsule/ventral
striatum(VC/VS) DBS surgery. In addition to the expected improvement in OCD symptoms, he
experienced significant improvement in both PD-related apathy and depression along with
resolution of suicidal ideation. Furthermore, the patient's festinating gait dramatically improved.
This case demonstrates that DBS of both the STN and VC/VS appears to have an initial signal of
safety and tolerability. This is the first instance where both the STN and the VC/VS DBS targets
have been implanted in an individual and the first case where a patient with PD has received
additional DBS in mood-regulatory circuitry.
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BACKGROUND

In the treatment of PD, the STN DBS target is quite effective in reducing core symptoms of
PD, but has been associated with worsening or de novo neuropsychiatric symptoms in PD
patients[1]. For TR OCD, DBS of the limbic (ventromedial) portion of the STN as well as
the ventral capsule/ventral striatum (VC/VS) have both shown initial promise[1, 2]. VC/VS
DBS has also shown some initial promise in exerting anti-depressant effects in idiopathic
TRD[3], although a large formal randomized control trail failed to show efficacy [4].

Depression as a consequence of PD appears to be pathophysiologically related to
mesocortical/mesolimbic degeneration, which induces a hypodopaminergic state[5]. Along
with the neuropathological evidence, PD depression has been shown to robustly respond to
dopamine agonist therapy[6]. Parkinsonian apathy is also a hypodopaminergic state and has
been shown to respond to levodopa therapy[7]. The festinating gait has been associated with
limbic and cognitive dysfunction in Parkinson's disease[8, 9] and gait disorders have been
shown to respond to antidepressant interventions[10].

CASE REPORT

A 59 year-old Caucasian male with a history of PD status post bilateral STN DBS, TR OCD,
and TRD presented to the psychiatric brain stimulation clinic requesting evaluation for
further management of OCD and TRD. He was diagnosed with tremor predominant PD ten
years prior. Five years prior, he was evaluated at an academic medical center for DBS for
uncontrolled PD tremor while on levodopa (1600mg daily). Three years prior he underwent
bilateral STN DBS with significant motor improvement, and eventually was able to stop
levodopa.

The onset of the patient's OCD symptoms began when he was ten years old while his
depressive symptoms began in his mid twenties. Additionally, he had been hospitalized five
times for suicidal ideations (SI), without any history of attempts. His most recent
hospitalizations were six years prior and approximately twenty years prior, when he received
electroconvulsive therapy (ECT). He noted no noticeable change in his OCD symptoms
following STN DBS implantation. His OCD symptoms included ruminations over
cleanliness, fear of contamination, and compulsive bathing rituals (hand washing up to 200
times per day). He also manifested prominent neurovegetative symptoms including poor
appetite, low energy, and poor sleep. The patient had failed all standard of care anti-OCD
medications and behavioral therapy.

Due to the previously reported success of limbic STN DBS treatment for OCD in a patient
with PD[11], the team changed his current STN DBS programming to not only address
motor, but to also potentially address his OCD symptoms. Therefore, the contact settings
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were changed from C+, =2 (monopolar) only to C+, —2/-0 (double negative) bilaterally.
During these programming sessions, his motor improvements were maintained with keeping
-2 contacts activated, while additionally attempting to stimulate the limbic STN with the
deep contact (-0). This deep contact has consistently been shown to elicit behavioral change
because it is typically in or close to the ventromedial STN (limbic) and has a greater
proximity to the medial forebrain bundle. We then attempted interleaving contacts 0/2 with
the same contact configuration and stimulation parameters. This change resulted in only
minimal effects on his Yale Brown Obsessive Compulsive Scale (YBOCS), but worsened his
mood, leading to new onset suicidal ideation. Therefore, his settings were restored to their
previous values, and the team decided to switch strategies.

As a result of the recent success of the VC/VS DBS target in managing treatment-resistant
OCD[1], the patient elected to receive (through the Food and Drug Administration
humanitarian device exemption) VC/VS DBS implantation primarily to treat his TR OCD.
For this procedure, Medtronic version 3391 leads were implanted bilaterally in the VC/VS.
Affect changes were noticeable starting at 3V; the final setting was 6V, both contact 0 & 1
(-), case (+) 210us, 130Hz bilaterally (Figure 1). No adverse effects occurred during
implantation or programming.

Several clinical scales were utilized pre- and post-procedure to assess severity and degree of
change in the subject's Major Depressive Disorder (MDD) and OCD symptoms (Table 1).

The Hamilton Depression Rating Scale -17 Item (HAMD-17) was reduced from
categorically severe to remission. His YBOCS score dropped from the extreme range to
mild. The Apathy Scale (AS) score also decreased to mild. Finally, the Scale for Suicidal
Ideation (SSI) indicated complete resolution of his suicidal ideation.

An additional and unpredicted benefit of the VC/VS DBS implantation was a marked
improvement in the patient's gait. His festinating gait largely disappeared per his wife. At 7
months post-operation, his DBS battery required replacement and his festinating gait
returned and was so much worse that he even required a walker. He was implanted with
bilateral Medtronic Activa RC (model 37612) pulse generators and all therapeutic benefit
returned (OCD, mood, apathy, and gait). After two weeks of stimulation post battery
replacement, he no longer required the walker and returned to his post VC/VS DBS baseline.

DISCUSSION

Depression

This case is the first report of VC/VS DBS implantation in a patient with Parkinson's
disease. Additionally, this procedure demonstrates that DBS implantation in the VC/VS can
be safe alongside bilateral STN DBS.

Although the VC/VS DBS target has been shown to exert anti-depressant effects in
idiopathic TRD [1, 3], a large formal randomized control trial failed to show efficacy. It is
worth noting, however, that this trial specifically excluded all patients with comorbid
psychiatric or neurodegenerative conditions [4]. In contrast, the results of the current study
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alongside the other literature on the subject may suggest a potential interaction between
comorbid psychiatric or neurodegenerative conditions and TRD that allow VC/VS DBS to
have a greater effect in these patients than in the population with only TRD. No DBS target
has been shown to significantly improve depression comorbid with PD prior to this report[1,
12]. These findings are particularly notable when considering that depression related to PD
is rated as the most disabling symptom[12]. In our patient, TRD pre-dated the development
of PD; however, there is no pathophysiologic reason to expect a different response in those
whose TRD develops secondary to PD. This is an area that warrants further study. Presently,
PD-related depression poses a significant hurdle for clinicians as STN DBS can be
associated with stimulation-associated depression and suicidality[1]. Furthermore, DBS of
the ventral striatum has been shown to increase ventral striatal dopamine release[13]. Given
that reduced dopamine release is speculated to be the pathophysiological cause for PD
depression[5], VC/VS DBS may be an intervention for enhancing dopamine transmission in
the ventral striatum and mood regulatory circuits of PD patients. The VC/VS DBS target
could represent a new and promising option for the management of TRD comorbid or
resulting from PD.

The patient benefitted from VC/VS DBS in a manner that was consistent with the current
literature [1, 2]. From the current evidence, this finding most likely directly relates to the
patient's lifelong idiopathic OCD. With that said, there is equal reason to expect that this
treatment would be beneficial in patients with OCD or Impulse Control Disorders that
occurred secondary to PD. This is a valid area for further study.

The implantation of bilateral STN DBS did not provide any noticeable relief or change in
OCD symptoms. While this is in clear contrast to the findings of Fontaine et a/.(2004), who
successfully treated a patient's PD and OCD symptoms simultaneously using bilateral STN
DBS[11], the disparity in outcomes is likely due to differences in the relative position of
DBS electrodes. While Fontaine et a/.(2004) targeted the limbic STN, our patient's
electrodes were placed in the sensorimotor (dorsolateral) STN[12]. This is currently the only
other study to our knowledge that utilized the STN placement for OCD. Additionally, the
DBS stimulator was not set to the deepest contact during initial motor programming. When
the deepest contact was activated, the patient experienced a worsening in mood. Short-term
changes in mood have been documented in other cases of STN DBS[14], and more research
into the mechanism behind this phenomenon is recommended.

A novel finding of this report is that DBS of the VC/VS appears to have positive effects on
PD-related apathy. Similar to PD-related depression, apathy is a frequent and significant
comorbidity of PD and can be exacerbated by STN DBS[15]. These changes have been
associated with ventral striatal (specifically nucleus accumbens-NAc) volume, where in
severe parkinsonism NAc volume decreases[16] and atrophy of this region is associated with
increased apathy[17]. Disease-related atrophy occurs independent of age, possibly multi-
factorial with neuronal loss, neuronal shrinkage, and a reduction in synaptic
connections[16]. As previously mentioned, VC/VS DBS has been shown to increase striatal
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dopamine activity[13] and it may be that the positive effect of VC/VS DBS on PD-related
apathy is related to restoration of NAc function to normal levels.

Prior to treatment, the patient exhibited a festinating gait commonly seen in patients with
advanced Parkinson's; however, with DBS of the VC/VS his festinating gait resolved, only
returning when his battery needed replacement. In a study of nigrostriatal and mesocortical
changes in dopamine during movement, significant differences in striatal dopamine activity
were found between PD patients and healthy patients[8]. Furthermore, a connection between
PD gait and affective state has been established[18]. It should be noted that this study did not
utilize an objective measurement of the patient's gait at his pre-operative baseline, as the
observed postop improvement was entirely unexpected. This effect was only identified via
subjective observation so only limited conclusions should be drawn and more study of this
effect is certainly needed. Further exploration of the therapeutic effects of neurostimulation
on mood circuits for improvement of gait, as well as the mechanism underlying this effect, is
certainly warranted particularly as it relates to VC/VS DBS.

In conclusion, this case presents many new and significant findings in the effects and
possible applications of VC/VS DBS to the Parkinson's population. This case represents the
first time VC/VS DBS has been used alongside STN DBS, and that it is feasible to perform
simultaneous stimulation of both targets in individuals with Parkinson's disease. Importantly,
the findings of this case illustrate that this approach is safe in PD patients, and may
conceivably be extended to the population of patients with PD-related depression. This is
feasible given our success treating a patient with comorbid idiopathic TRD and PD. As
expected, the implantation of VC/VS DBS provided significant relief to the patient's OCD
behaviors, and lead to improvements in comorbid apathy, depression as well as festinating
gait.
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Figure 1.
Dual implantations in the STN and VCVS. [To view this figure in color, please see the

online version of this Journal.]
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Table 1

MDD and OCD Symptom Severity: Clinical Scores over Time

Time Baseline 2Months 5Months 7Months 9 Months
SSI 5 0 0 12 0
HAMDY 30 10 7 29 6
AS 22 7 9.5 37 13
Y-BOCS 32 12 11 32 10

SSlI, Suicide Severity Index; HAM D17, 17-1tem Hamilton Rating Scale for Depression; AS, Apathy Scale; Y-BOCS, Yale-Brown Obsessive
Compulsive Scale
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