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A B S T R A C T   

Neuropsychiatric adverse events have been previously reported following deep brain stimulation (DBS) for Parkinson’s disease (PD). Most cases described have 
involved DBS of the subthalamic nucleus (STN). We report a unique case of acute-onset and reversible psychosis, suicidality, and depressive symptoms following DBS 
of the globus pallidus internus (GPi) and review the relevant literature.   

1. Background 

Parkinson’s disease (PD) is a neurodegenerative disease character-
ized by motor-related symptoms that primarily affects older adults [1]. 
While there is no cure for PD, pharmacologic therapy may treat certain 
symptoms of the disease. The surgical treatment options for medication- 
resistant tremor, motor fluctuations, and levodopa-induced dyskinesias 
include deep brain stimulation (DBS), a care-standard in appropriately 
selected individuals. DBS modifies the irregular neuronal activity of a 
region of the brain via chronic delivery of electrical stimulation, with the 
most common targets for DBS in PD being the subthalamic nucleus 
(STN) and globus pallidus internus (GPi) [2]. High-frequency stimula-
tion has been associated with a variety of neuropsychiatric adverse ef-
fects [3]. Transient and reversible development of STN stimulation- 
induced psychosis has been previously reported [4]. Psychosis from 
STN DBS lead placement associated micro-lesioning effect has also been 
seen prior to initiation of stimulation [5]. We report a case of acute-onset 
stimulation-related psychosis with suicidality induced by GPi DBS. 

2. Case report 

The patient was a 61-year-old man with a 16-year history of PD 
(Hoehn and Yahr stage 3). His PD course was notable for disabling 
medication-resistant motor fluctuations and dyskinesias. Additionally, 
he had a remote history of impulse control disorder symptoms related to 
higher-dose dopamine agonist therapy, but no other prior or current 
psychiatric symptomology. Formal neuropsychological evaluation 
showed that cognitive functioning was within normal limits in all do-
mains and generally strong. On self-report mood questionnaires, he did 
not report any current symptoms of mood disturbance (BDI-II = 0) and 

denied experiencing any anxiety during the evaluation or in general 
(STAI-State = 20: STAI-Trait = 20). 

An uncomplicated awake stereotactic micro-electrode recording 
guided implantation of bilateral GPi DBS quadripolar 3387 leads 
(Medtronic, MN, USA) was performed. The lead contacts were numeri-
cally designated 0–3 on the right side and 7–10 on the left. Postoperative 
micro-lesioning effects were not observed and stimulation was initiated 
3 weeks after surgery. Additionally, postoperative MRI confirmed that 
the electrodes were well-placed bilaterally (Figs. 1, 2). PD medications 
were carbidopa/levodopa IR 25/100 mg TID, pramipexole 0.5 mg BID, 
amantadine 100 mg BID, and rasagiline 1 mg daily. No reductions or 
other changes were made in symptomatic PD medications post- 
operatively or at initiation of stimulation therapy. 

During the initial in-clinic stimulation survey, testing was performed 
at all contacts with a pulse duration of 60 us and frequency of 130 Hz. 
The patient experienced ill-defined emotional changes described as 
‘unwell’ and ‘down’ at amplitudes above 3.0 V at the right 2 contact and 
at 2.5–3.0 V at the 3 contact in monopolar stimulation settings. Robust 
anti-parkinsonian clinical benefits were achieved at <2.5 V and with 
escalated pulse duration to 90 us at the 2 contact, without acute adverse 
effects. Final monopolar stimulation was programmed at right 2 contact 
with the following settings: amplitude 2.2 V/pulse duration 90us/fre-
quency 130 Hz. Two hours later, the patient reported acute onset severe 
paranoia and depressive symptoms, with persistent thoughts that his 
spouse would violently cause his demise and wished him harm, thoughts 
of fatal self-harm, and continuous ‘morbid thoughts’ with associated 
feelings of intense sadness. All psychiatric symptoms ceased abruptly 
with stimulation discontinuation specifically to the right lead, and they 
returned immediately with supervised re-initiation in the clinic. With 
avoidance of stimulation at the right 2 and 3 contacts, these symptoms 
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have remained absent for 11 years. The distal edge of the zero contact 
was placed at the placement target of the ventral border of the GPi. 
Measuring from the MRI-visualized distal edge of the 0 contact, the 
distal (ventral) edge of the 2 contact was measured at 6 mm above the 
stereotactic target and ventral border of GPi (Fig. 1b, d). 

3. Discussion 

DBS is a highly effective intervention in treating the symptoms of 
advanced PD, with the most common targets being the STN and the GPi. 
Unfortunately, unwanted psychiatric symptoms have been described 
following stimulation of both these regions. We report the first case of 
acute-onset psychosis with suicidality induced by GPi stimulation. 
Although devastating, this appears to be a rare adverse effect. 

Postoperative suicide is one of the most important and potentially 
preventable risks for mortality following STN DBS for PD, with the risk 
being significantly elevated in the first postoperative year and remaining 
elevated as far out as the fourth year [6]. Furthermore, a recent meta- 
analysis that examined data from 18 unique studies on suicidality in PD 
patients who underwent STN DBS showed a high pooled rate of suicidal 

ideation in these patients (4 %), while the pooled rates of attempted and 
completed suicide were both 1 % [7]. 

Of note, two isolated cases, one of suicide and one of suicidal idea-
tion following GPi stimulation have been reported. However, in contrast 
to the case of our patient in which the psychosis and suicidality devel-
oped immediately following DBS, both of these scenarios occurred one 
to three years following GPi DBS [3,8]. It remains unclear why the risk of 
suicidality is increased following stimulation of the STN in PD patients, 
but has rarely been documented with GPi DBS. While controlled trials of 
STN vs GPi DBS, such as Weaver et al., have shown similar motor out-
comes, STN remains the more favored target in clinical practice 
providing comparatively less investigation and practice-based reported 
outcomes using GPi DBS [9,10]. 

There is also a neuroanatomical basis that could account for the 
differential reporting of suicidality. In general, it is thought that changes 
in mood and cognition that happen during stimulation of these nuclei 
may be caused by spread of current to non-motor, namely associative 
and limbic, portions of the GPi and STN as well as to adjacent pathways 
mediating non-motor functions [11]. Indeed, both nuclei have motor 
and non-motor regions that project to cortical areas associated with 

Fig. 1. Post-operative 1.5 T T2-weighted MRI in the 
axial (A), reconstructed sagittal (B), coronal planes 
(C) and magnified coronal (D) visualize the right lead 
well-placed in GPi. The ventral edge of the right 2 
contact is visually estimated to be 6 mm dorsal to the 
ventral edge of the 0 contact (approximating the 
ventral border of GPi superior to the optic tract). The 
orange dashed line represents pre-operative opti-
mized planned targeting well-aligned with the post- 
operative visualized lead in all planes. (For inter-
pretation of the references to color in this figure 
legend, the reader is referred to the web version of 
this article.)   
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mood and cognitive function. One important difference between targets 
is that, unlike GPi, STN carries an anticipated dose lowering in dopa-
mine replacement therapies that may unmask symptoms such as 
depression, or apathy. Another major difference between the two nuclei 
is their size, with the STN (158 mm3) being smaller than the GPi (478 
mm3) [11]. This may partially explain the higher incidence of cognitive 
and behavioral adverse effects as stimulation of the smaller STN may 
lead to more spreading of current from the intended sensorimotor area 
to unwanted associative and limbic regions of the nucleus. In a similar 
manner, it is possible that an undesired part of the GPi was stimulated in 
our patient, as the right DBS was placed several millimeters dorsal to the 
optimal target [12]. Immediately adjacent to the GPi is the globus pal-
lidus externus (GPe) and it is possible that current overflow may have 
led to an off-target effect. It has been proposed that increased ventral 
GPe inhibition on GPi neurons projecting to the magnocellular portion 
of the mediodorsal thalamus may lead to enhanced ventral frontal in-
hibition of the dorsolateral prefrontal cortex, resulting in depression 
[13]. This could in part explain our patient’s suicidality following GPi 
DBS. Finally, our patient had a history of impulse control disorder with 
higher doses of dopamine agonists pre-operatively, leading to the pos-
sibility of an underlying vulnerability of their mesolimbic pathways, 
although he had no current or ongoing psychiatric issues at the time of 
surgery. 

4. Conclusion 

Though previously reported with STN DBS, this is the first report of 
GPi stimulation producing acute-onset psychosis, suicidality, and 
depressive symptoms in a PD patient. A review of the lead placement 
and MRI localization, relevant anatomy, and pertinent literature are 
reported. The information on stimulation-related effects of GPi is scarce 
in the literature, and further research is needed to clarify this phenom-
enon, as it is important to understand the widespread influences of deep 
brain stimulation. It is also clinically important to be aware of this po-
tential severe and reversible side effect to facilitate discussion with pa-
tients and allow for appropriate adjustments to location and DBS 
settings. 
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