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The basal ganglia (BG) have long been considered a purely
motor region of the brain. However, over the last couple of decades
it has progressively become clear that BG are central components
of different cortical-subcortical circuits, described on a basic level
as ‘motor’, ‘oculomotor’, ‘associative’ and ‘limbic’, according to the
function of the cortical regions involved [1]. In turn, each circuit
encompasses multiple, functionally and anatomically distinct
subcircuits. Dysfunction within these segregated circuits has been
shown to cause BG disorders. Specifically, Parkinson disease (PD)
and dystonia, are thought to arise from disturbances within the BG-
thalamo-cortical motor circuitry, whilst Tourette syndrome (TS)
and obsessive-compulsive disorder (OCD), seem to be related to
abnormalities within the limbic circuitry [2]. There is also a degree
of overlap between the motor and behavioural sides of BG disorders,
as conditions like PD and TS are characterised by both movement
disorders and neuropsychiatric symptoms [3].

The limitations in terms of both efficacy and tolerability of
medications and other therapeutic modalities used to treat BG
disorders, alongside the progression in the understanding of the
pathophysiological basis of BG disorders, has led to a rekindled
interest in functional neurosurgery for the treatment of these
conditions, particularly the use of deep brain stimulation (DBS). DBS
therapy involves chronic electrical stimulation of specific subcortical
areas, selectively modifying activity at the level of specific targets,
whilst avoiding uninvolved circuits and thus widespread adverse
affects. In BG disorders, traditional ablative neurosurgical procedures
have largely been superseded by DBS due to its less invasive, reversible
and modifiable nature [4].

DBS has been shown to be a highly effective and generally safe
treatment strategy for a variety of BG disorders [5,6]. Following its
introduction in the 1990s, DBS is now commonly used in patients
with advanced PD, especially in the presence of persistent severe
tremor or disabling drug-induced complications. Stimulation of
different brain areas produces different clinical effects in patients with
PD, with the subthalamic nucleus (STN) and the internal portion of
the globus pallidus (GPi) being the most commonly targeted regions
[7].

DBS of the BG is also being investigated for severe, refractory
neuropsychiatric disorders, although its use for the treatment of
these conditions is at an earlier stage compared to PD. Over the past
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decade, the use of DBS for patients with severe, treatment-resistant
TS has been investigated with increasing attention. Although initial
findings are encouraging mainly in terms of tic severity outcomes,
the majority of research is limited to case reports or small open-label
trials [6]. A larger 18-patient study showed that all patients responded
well to DBS [8], with no adverse effects reported. A follow up study
at 2 years also reported a 53% improvement in tic severity, as well
as continued improvements in other co-morbid symptoms and
health-related quality of life [9]. A recent double-blind crossover
trial demonstrated that thalamic DBS improved tic severity, despite
a high incidence of adverse effects, including low energy in all
patients [10]. Interpretation of results on this topic is complicated
by the symptomatic heterogeneity across patients, differences in BDS
targets (different components of the fronto-striato-thalamo-cortical
loop) and outcome measures. The lack of adequate study design,
including low statistical power and uncontrolled variables, further
complicates the interpretation of these early findings. Consistently, a
recent review concluded that at this stage it is not possible to identify
optimal targets for DBS (BG/thalamus) in patients with TS due to
the variability across studies in target confirmation, symptomatic
outcome measures used and follow-up duration [11].

Results from several case reports and small case series indicate
that DBS targeting the anterior limb of the IC in patients with OCD
produces sustained symptomatic improvements, with few reported
adverse effects [7]. More recently, alternative brain areas have been
targeted for the treatment of OCD. A large double-blind crossover
trial involving 16 patients showed that OCD severity was significantly
lower after DBS targeting the limbic-associative area of the STN
than after sham surgery [12]. Preliminary research has also been
undertaken investigating the effects of DBS in refractory depression
(targeting limbic BG areas) and addiction (targeting the nucleus
accumbens, a critical structure of the reward system), with overall
positive results [6].

In conclusion, DBS has been shown to be an effective treatment
for BG disorders affecting movement. Preliminary research has
hinted at its potential for the treatment of severe, refractory
neuropsychiatric disorders, although the evidence is not vyet
conclusive in this emerging field. A possible reason for the relative
lack of research in this area may be that the DBS targets complicated
and multifaceted symptoms in neuropsychiatric disorders, in
contrast to the relatively straightforward and easily measurable
symptoms in movement disorders. The vulnerability of patients
with severe psychiatric disorders and the potential modification of
personality that neurosurgery involves also raises pertinent ethical
issues surrounding the use of DBS in neuropsychiatric conditions [6].
Future research is clearly warranted to determine the best anatomical
targets and exact mechanism of action, to construct a robust evidence
base for its indication and - perhaps most importantly - to determine
the effects on patient’s health-related quality of life. International
collaborations in large, multicentre randomised controlled trials are
likely to be central for the development of this fascinating field within
functional neurosurgery.
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