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Technical Note

Target-specific deep brain stimulation of the ventral capsule/
ventral striatum for the treatment of neuropsychiatric disease
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Abstract: Deep brain stimulation (DBS) is a well-established therapy for Parkinson’s disease and other 
movement disorders. An accumulating body of evidence supports the extension of DBS application for the 
treatment of refractory psychiatric disorders. The ventral capsule/ventral striatum (VC/VS) is the most common 
anatomical target for obsessive-compulsive disorder (OCD), addiction, and depression. However, no specific 
electrode is available for the clinical targeting of these areas for DBS. According to the anatomical features of the 
VC/VS, a novel electrode was developed for simultaneous and independently programmed stimulation of the 
nucleus accumbens (NAc) and the anterior limb of the internal capsule (ALIC). This VC/VS-specific electrode 
has the potential to enhance stimulus intensity, provide independent and flexible target stimulation.
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Introduction

Deep brain stimulation (DBS) involves neurosurgical 
implantation of a nerve stimulator device that delivers 
electrical signals to a specific brain area. DBS is primarily 
used to address motor symptoms in the treatment of 
movement disorders or emotional and behavioral symptoms 
in the treatment of intractable mental disorders (1,2). The 
clinical efficacy of DBS in movement disorders disease is 
well established, whereas its implementation in mental 
disorders has produced mixed results (3,4). DBS is applied 
to different targets for various conditions using a straight 
quadripolar electrode with 1.5-mm contacts and an inter-
space of 0.5 or 1.5 mm between contacts irrespective of the 
target; identical stimulation parameters must be applied at 
each contact of one electrode, with both electrodes using 
the same frequency. The ventral anterior limb/ventral 
striatum (VS) is the most common target of neurosurgery 
for DBS in the treatment of obsessive-compulsive disorder 
(OCD) and depression (5-9). For this target area, the more 
ventral portion of the anterior limb is associated with a 

greater therapeutic benefit (10-12). Thus, the electrode 
configuration for DBS should be specifically tailored to 
the geometry and properties of this target area (12,13). We 
therefore developed a configuration of the SceneRay 1242 
according to the anatomy of the ventral capsule (VC)/VS  
to deliver stimulation at an increased intensity and density, 
allowing independent stimulation parameters while 
maintaining a consistent safety profile.

Materials 

The SceneRay 1242 electrode

The SceneRay 1242 (Figure 1) electrode was designed to have 
a diameter of 1.27 mm and 4 contacts. The contact length 
is 3.0 mm and the spacing between the ventral and dorsal 
contacts is 2, 4, and 4 mm, with a total length of 22.5 mm  
(3+2+3+4+3+4+3 and 0.5 projecting from the electrode tip). 
The electrode material, that is, the stimulating contacts 
and the inner spring wire, is a platinum-iridium alloy; 
the insulating material is polyurethane. Regarding the 
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mechanical properties with chronic implantation, after 
implantation the electrode lead can withstand a variety 
of twisting forces that may occur in the human body, and 
the entire electrode is resistant to cracks. The electrode 
wire can withstand tension above 2 N such that it does not 
break and there is no damage to the connection, joints, or 
insulating layer. The electrodes were designed to enable 
independently programmed stimulation after implantation, 
spanning from the anterior limb of the internal capsule 
(ALIC) to the nucleus accumbens (NAc), with two ventral 
contacts located within the ventral NAc and two dorsal 
contacts located within the ALIC.

The electrode contact size was set to 3 mm for several 
reasons, and primarily based on anatomical studies 
suggesting that the human NAc is approximately 8 mm in 
length. Thus, a 3-mm contact length combined with a 2-mm 
contact interval should completely cover the NAc (14,15). 
Moreover, under the same stimulation parameters, the 
electric field distribution increases as the electrode contact 

length increases, such that a larger contact interval enables 
a greater electric field distribution. However, if the contact 
gap is too large, the surrounding scope of the electrode is 
effectively activated and can lead to off-target effects (16,17). 
Considering the size of the NAc, we hypothesized that 
an electrode contact length of 3 mm with a 2-mm contact 
interval would be optimal for NAc stimulation. Additionally, 
these parameters allow for two stimulating contacts within 
the NAc with independent stimulation parameters, and thus 
provide additional options for optimization (Table 1).

The total length of the electrode is 22 mm, based on 
the stereotactic coordinates of the NAc and ALIC. That is, 
the distance from the ventral edge of the ALIC to the NAc 
ventral margin is approximately 13 mm. For the ventral 
electrode, 4 mm was used for the second and third spacing 
(ventral to the lower edge of the third contact space, 12 mm)  
so that the third electrode contacts would be located in the 
fuselage of the ALIC. A total ventral-to-dorsal length of 
22 mm positioned the fourth contacts in the medial and 

Table 1 Stimulating program of each contact

Left brain Right brain Brain region Programing group

Contacts 0 4 NAc Stimulating program 2

1 5

2 6 ALIC Stimulating program 1

3 7

NAc, nucleus accumbens; ALIC, anterior limb of the internal capsule.

Figure 1 Electrode and stimulation program setting.

A B

Nucleus

accumbens

4.0 mm × 2

2.0 mm

3.0 mm × 4

Stimulation programme 1 Stimulation programme 2



Annals of Translational Medicine, Vol 5, No 20 October 2017 Page 3 of 6

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2017;5(20):402atm.amegroups.com

Figure 2 Medtronic 3387 and 3391 versus SceneRay 1242.

lateral third of the ALIC, which is a common target for 
capsulotomy. Therefore, the design of the electrode contact 
length was consistent with human anatomy and facilitated 
dual target stimulation of the NAc and ALIC.

The Medtronic electrodes

The Medtronic 3387 electrode is commonly used for 
ALIC stimulation in OCD, while the 3391 electrode was 
used in early studies as well as in studies conducted under 
humanitarian device exemption (18). The main differences 
between the SceneRay 1242 and the Medtronic 3391 
electrodes are as follows: (I) the spacing of the two ventral 
contacts differs by 2 mm, which takes into account the 
anatomical size of the NAc; (II) the 3391 is used as a contact-
type electrode positioned entirely within the NAc, whereas 
the SceneRay 1242 electrode in the present study positions 
two contacts within the NAc, and allows for a choice 
between the stimulation contacts; and (III) the SceneRay 
1242 electrode in the present study was designed with 
consideration of the impulse generator (IPG) so that the two 
ventral and two dorsal contacts can be programmed with 
different stimulation parameters, i.e., voltage, pulse width, 
and frequency (Figure 2).

Discussion

The DBS method described here is widely used to treat 
Parkinson’s disease, essential tremor, dystonia, and other 
movement disorders, as well as treatment-resistant 
depression (TRD), OCD, and drug addiction. DBS is a less 

invasive, reversible, safe, and effective option, but its exact 
mechanism of action has yet to be elucidated. Given the 
mixed results of DBS for the treatment of refractory mental 
illness, serious efforts should be made to fully explore 
its therapeutic utility and improve its effectiveness (19). 
Modern DBS for psychiatric indications was pioneered in 
1999 for intractable OCD, when the initial target was the 
ALIC (20). Since then, DBS targets for OCD have evolved 
to include the VC/VS and specifically the NAc (21). From 
its inception for use in movement disorder surgery, the 
chief benefit of DBS over ablative neurosurgery has been 
the ability to perform bilateral procedures in motor areas 
of the basal ganglia and thalamus, with a reduced risk of 
affecting speech, swallowing, cognition, and balance as  
off-target effects. However, the rationale for DBS of non-
motor subcortical areas in psychiatric disorders is less clear, 
except for its advantage as a non-ablative and therefore 
reversible therapy. Unlike the use of DBS versus ablative 
surgery for movement disorders, anterior capsulotomy has a 
better outcome than anterior capsule DBS, albeit with more 
side effects (20). Among potential target regions, the VC/VS  
is especially interesting because of its major involvement in 
the pathophysiology of numerous psychiatric indications, 
particularly OCD and TRD (22,23).

DBS targeting first emerged as a treatment for Parkinson’s 
disease. Although conventional DBS stimulation systems 
can stimulate multiple contacts simultaneously, only one 
set of stimulation parameters (e.g., stimulation frequency, 
pulse width, and amplitude) can be implemented. Taking 
into account the neuronal composition of the NAc versus 
the white matter tract composition of the ALIC, different 
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stimulation parameters may be required to achieve efficacy. 
Thus, the ability to stimulate two brain areas according to 
two different sets of parameters is an important advantage, 
particularly to synchronize the effects within the ventral 
anterior limb/VS. Given the limitations of single electrode 
stimulation of an independent single functional area, 
and taking into account the contact hypothesis of neural 
networks in various diseases’ loop structures, the ability 
to influence two or more brain regions with DBS may be 
beneficial in the regulation of psychiatric symptoms (19).  
An important measure of DBS optimization is the total 
electrical energy delivered (TEED) (24). TEED is 
determined by the programmed parameters of stimulation 
and the measured system impedance. In theory, optimized 
DBS settings will generate maximal clinical benefit at the 
lowest possible TEED, resulting in fewer stimulation-
related complications and longer battery life. Voltage is 
the only factor that is exponentially related to TEED. The 
novel electrode described in this case report, which has 
bigger contacts compared to conventional contacts, has 
lower impedance and accordingly can provide a wide range 
of TEED. High voltages 3.5–5.5 V) are often reported in 
OCD DBS cases, which is beyond the voltage range used 
for movement disorder stimulation (2.0–3.5 V). Thus, use 
of a more target-appropriate electrode as in the present case 
study may be appropriate in future OCD DBS research.

The failure of the St. Jude trial (25) in which DBS of the 
subcallosal cingulate cortex (SCC) was applied in TRD may 
be explained, in some part, by over-reliance on structural 
images and a lack of fiber tract analysis during surgical 
planning. Fibers of passage rather than a gray matter 
target such as the subthalamic nucleus (STN) may mediate 
the therapeutic effects of DBS. Pre-operative diffusion 
tensor imaging data were acquired in a cohort with TRD 
to produce patient-specific white matter tractography 
maps (26). Post-operative field modeling analysis based on 
diffusion tensor imaging has shown that the DBS activation 
volumes of all responders to SCC DBS affect a particular 
combination of fiber bundles. Non-responders, in contrast, 
consistently share this association between activation 
volume and fiber connections. In addition, in OCD, 
structural connectome mapping in healthy subjects has been 
used to characterize high levels of variability in fiber tracts 
in the VC/VS, and combined with preoperative diffusion 
imaging to guide target selection in an OCD patient (27). 
Another group has investigated tractography activation 
patterns in a cohort of six patients with OCD who received 
VC/VS DBS. They created computational models to 

simulate the activation of fiber tracts and to identify their 
cortical connections. Modulation of the dorsolateral 
prefrontal cortex was associated with the best clinical 
response (28). The negative results of the VC/VS DBS trial 
for TRD by Dougherty and colleagues warrant the use of 
more stimulation parameter flexibility prior to a randomized 
off phase, and highlight the importance of stimulation of 
specific fiber pathways (22). A recent randomized double-
blind placebo controlled trial demonstrated the efficacy of 
DBS of the ventral anterior limb of the internal capsule 
(vALIC) for TRD with a 52-week open-label titration (29). 
Together, these findings suggest that DBS surgical planning 
may benefit from the consideration of not only more refined 
anatomical coordinates but also fiber pathway activation 
data to help identify optimal lead placement and stimulation 
parameters.

The nerve fibers in the VC/VS form connections with the 
prefrontal cortex, dorsal anterior cingulate, orbital frontal 
cortex, ventral medial prefrontal cortex, and thalamus, 
as well as many other functional areas of the brain (27).  
Thus, implanted electrodes that stimulate the VC/VS 
region affect many different areas of the brain. Effects on 
the limbic system may also be considered in the context of 
depression, OCD, and other neuropsychiatric disorders; 
notably, through the cortico-striato-thalamo-cortical 
(CSTC) loop circuitry (30). Anatomical and functional 
abnormalities in CSTC loops are hypothesized to be the 
neurobiological basis of many neuropsychiatric diseases, 
and stimulation of this circuitry in the short-term produces 
emotional responses, anxiety, panic attacks, euphoria, and 
other relevant symptoms. Additionally, the NAc is the 
brain’s reward center of the CSTC loop, and a hub for 
the regulation of emotion, motivation, and satisfaction. 
DBS stimulation of the NAc therefore has the potential 
to affect reward-seeking behavior, emotional behavior, 
and motivational behavior, which could have a major 
effect on disorders such as depression and drug addiction. 
Some research suggests that combining cingulotomy 
with accumbens stimulation does not yield better results 
than cingulotomy alone (31), as both targets ultimately 
influence the same common pathway where all four 
classical psychosurgical approaches (i.e., bilateral anterior 
capsulotomy, anterior cingulotomy, subcaudate tractotomy, 
and limbic leucotomy) converge in their effects (32).  
However, this idea is based on observations in a small 
number of patients, and dismisses the possibility of a 
theoretically effective target that should be defined by its 
relative prominence, its functional, effective, and structural 
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connectivity, and its role within a circuit driving the target 
behavior or symptoms. Stimulating neuronal populations 
and elements to alter pathological baseline activity, and 
thereby influence local, regional, and up- and downstream 
projections, is the central unifying principle of DBS 
treatment, regardless of the clinical indication. Multiple 
targets with flexible stimulation parameters might be helpful 
for either driving activity in underperforming circuits or 
reducing activity in overactive or ‘‘error signal generating’’ 
regions, possibly leading to clinical improvements. 

The effects of DBS on abnormal neural connectivity 
in the CSTC circuit of OCD patients could explain why 
stimulation in different brain regions can produce a similar 
improvement across patients. Stimulation of the STN has 
been reported to decrease activity in the orbital frontal 
cortex, medial prefrontal cortex, and anterior cingulate 
cortex, while stimulation of the ALIC has similarly been 
associated with decreased activity in the orbital frontal cortex, 
subgenual anterior cingulate cortex, and right dorsal lateral 
prefrontal cortex. Interestingly, although STN stimulation 
does not significantly alter comorbid depressive and anxiety 
symptoms, striatal stimulation produces a significant and 
quick improvement in mood and anxiety preceding changes 
in OCD severity. Future studies should address the local 
and distant effects of DBS of these areas, and the distinct 
mechanisms of action in order to optimize implantation 
and stimulation in patients based on illness presentation. 
Importantly, the electrode developed in the present study 
can be used in future work to more clearly distinguish the 
therapeutic effects of NAc versus ALIC stimulation.

We anticipate that the new stimulation method described 
here will improve the application of DBS for OCD, 
depression, drug addiction, anorexia, and other intractable 
mental illnesses, as well as improve the efficacy and safety 
of DBS treatment as a whole. We plan to use this electrode 
in China for a range of neuropsychiatric diseases within the 
next few years. Moreover, optimization of programming 
flexibility and electrophysiological recording with our 
new electrode design has the potential to increase our 
understanding of VS/VC DBS therapy.
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