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Introduction
Psychosurgery was first introduced in 1930s by Moniz with the 

prefrontal leucotomy, a surgical method that disrupted afferent/efferent 
pathways of the frontal lobe and this method was further developed 
in the transorbital frontal lobotomy by Freeman. Operation was crude, 
associated with high mortality and led to unacceptable adverse effects. 
With discovery of psychotropic drugs (Lithium, Chlorpromazine, 
MAO e TCAs) in 1950s and their broad application, interest for surgery 
declined rapidly. Improvement in knowledge of “neurophysiology 
of emotion” and development of stereotactic methodology allowed 
to identify new targets for psychosurgery and to reach those targets 
precisely with minimal lesions and minimal side effects. Several ablative 
techniques were used for treatment of Major Depression (MD) such 
as anterior cingulotomy, anterior capsulotomy, subcaudate tractotomy 
and limbic leucotomy [1,2]. 

Chronic Deep Brain Stimulation (DBS) has been introduced 
in neurosurgical practice by Benabid for treatment of movement 
disorders; observation of induced psychiatric side effects in patients 
with DBS for movement disorders gave impulse to try DBS also for 
psychiatric illness. Functional imaging has also played significant role 
in the diffusion of DBS. Another incentive was the fact that effective but 
irreversible ablative interventions could be emulated using DBS with a 
focused, fully reversible and treatable technique [3]. In 1999 there was 
the first report of use of DBS for a psychiatric disorder (anterior capsule 
DBS for OCD) [4].

MD is a common and heterogeneous psychiatric disorder affecting 

approximately 1.5% of the general population at any one time and is a 
significant source of worldwide disability. It is defined as a state of extreme 
sadness or melancholia that affects person’s activities in daily life as well 
as social functioning. Currently, antidepressants and/or psychotherapy 
are the mainstay of treatment, along with electroconvulsive therapy, 
which is reserved for treatment-resistant individuals. In fact 8-13% of 
patients becomes refractory to these treatments at long-term follow-up 
(treatment-resistant depression or TRD) [5]. Lately DBS has emerged 
as potential treatment for unremitting treatment-resistant depression [1,6]. 

Brain target selection for DBS in TRD has been guided tractography 
of older ablative techniques and by neuroimaging studies identifying 
neuroanatomical structures within putatively dysfunctional neural 
circuits modulating different aspects of MD via connections to limbic, 
cortical and subcortical areas [7]. In the contrary to neurological 
diseases, there is not a single pathological structure in psychiatric 
illness; several brain structures presumably play different roles in the 
development as well as in the maintenance of symptoms, some targets 
are in close anatomical or functional relationship (neural networks) and 
an overlap of effect is plausible. At last different target might manipulate 
the pathological network at different nodes. The primary purpose of 
this article is to conduct a review concerning DBS in treatment of TRD 
with particular attention to the used targets and their clinical results.

Depression Neuroanatomy
Depression is not the result of dysfunction in a single brain region 

or of a single neurotransmitter system. The symptoms of depression are 
not simply the result of one or more of these pathways not functioning 
appropriately, but also a failure of the other components of the system 
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Abstract
Chronic Major depression is one of the most debilitating psychiatric disorders ; 8-13% of patients are treatment 

resistant. DBS has been applied to the following targets: Subcallosal cingulate gyrus (Brodmann 25a), Ventral Capsule 
and Ventral Striatum (VC/VS), Nucleus Accumbens (NA), Inferior thalamic Peduncle (ITP) Rostral Cingulate Cortex. In 
the contrary to neurological diseases, for major depression there is not a single pathological target structure; several 
brain structures presumably play different roles in the development as well as in the maintenance of symptoms; some 
targets are in close anatomical or functional relationship (neural networks) and an overlap of effect is plausible; different 
target might manipulate the pathological network at different nodes. This overview summarizes research on the 
mechanisms of brain networks with respect to psychiatric diseases and highlights the role of the reward system in DBS 
for patients with treatment-resistant depression.
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to maintain homeostasis in times of increased stress to the organism. 
Neurobiological correlates of depressive illness can be grouped into the 
following three main components: cortical, subcortical, and limbic

The cortical component appears to give rise to the psychomotor and 
cognitive aspects of depressive symptoms and consists of the prefrontal 
cortex, the dorsal portion of the anterior cingulate gyrus, and areas of 
the premotor cortex. This cortical component has access to the striatum 
and then creates a feedback loop via the thalamus.

The subcortical component involves the affective experiencing of 
depressive symptoms, including anhedonia and sadness. This aspect 
of the neural circuit includes, among others, the subgenual anterior 
cingulate (Brodmann’s area 25), the orbitofrontal cortex, and limbic 
structures in the brain involved with negative emotions, including the 
nucleus accumbens and amygdala. This component also interacts with 
the striatum and subsequently the thalamus to create a loop. 

The modulatory component seems to regulate the cortical and 
subcortical circuits and includes the critical neuroendocrine aspects 
of depressive symptoms. This “modulating pathway” involves the 
amygdala, pregenual anterior cingulate cortex, and the hypothalamic-
pituitary-adrenal axis. It is hypothesized that it mediates the cortical 
and limbic circuits via inhibitory projections to these circuits [7,8].

Review of the Literature
In literature DBS for treatment of TRD has been applied to the 

following targets: Subcallosal cingulate gyrus (SCG/Brodmann 25a), 
Ventral Capsule and Ventral Striatum (VC/VS), Nucleus Accumbens 
(NAcc), Inferior Thalamic Peduncle (ITP), Lateral Habenula and 
Medial Forebrain Bundle (MFB) although Rostral Cingulate Cortex 
(Brodmann 24a) is also potentially efficacious DBS targets.

DBS of Subcallosal cingulate gyrus (SCG / Brodmann 25a)

The subcallosal cingulate gyrus (area Cg25) has critical projections 
to and from ventral striatum, NAcc and limbic cortical loop confirmed 
by diffusion tractography in humans. This area is involved in cognitive, 
visceromotor and vegetative physiology.

Based on a preliminary report of Mayberg of 6 patients implanted 
bilaterally in area Cg25 [9], Lozano et al. enrolled 14 new patients for a 
total of 20 patients. The electrodes were implanted in the white matter 
of the SCG with 3-6 V, 90 microsec, 130 Hz stimulation parameters and 
contact monopolar.

The authors studied the percentage of patients who achieved a 
response (50% or greater reduction in the HAMD-17) or remission 
(score of 7 or less in the HAMD-17) after DBS.

The mean total HAMD-17 score was significantly improved at 
all time points examined 1 months or longer after DBS at baseline. 
Concerning early but transitory benefits 40% of patients were 
responders after 1 week of stimulation and one patient was in remission: 
these results were due to the micro-lesion effect of electrode. Authors 
observed a progressive improvement with chronic DBS: at one month 
after surgery, 35% of patients met criteria for response with 10% of 
patients in remission; at six months after surgery, 60% of patients were 
responders and 35% met criteria for remission; these benefits were 
largely maintained at 12 months.

The number of serious adverse effects was small with no patient 
experiencing permanent deficits. DBS of SCG was also associated 
with specific changes in the metabolic activity localized to cortical 
and limbic circuits implicated in the pathogenesis of depression. PET 

studies showed a decrease in limbic - striatal cerebral blood flow and 
increase in dorsal cortical after stimulation of area Cg25. At baseline 
FDG-PET showed elevated Cg25 metabolism (seen in responders 
and non-responders) and decreased PF9/46 metabolism; later FDG-
PET repeated at 3 and 6 months after DBS showed a decreased 
Cg25 metabolism, increased PF9/46 metabolism (only responders), 
decreased Hypothalamus, Anterior Insula, and PF10 metabolism (only 
responders) [10].

Kennedy et al. successively published the data about the follow-up of 
these 20 patients after 3 to 6 years. The average response rates 1, 2, and 3 
years after DBS implantation were 62.5%, 46.2%, and 75%, respectively. 
At the last follow-up visit (range = 3–6 years), the average response 
rate was 64.3%. Functional impairment in the areas of physical health 
and social functioning progressively improved up to the last follow-up 
visit. No significant adverse events were reported during this follow-up, 
although two patients died by suicide during depressive relapses [11].

Holtzheimer et al. assessed the efficacy and safety of SCG DBS in 
patients with TRD with both major depressive disorder (ten patients) 
that bipolar II disorder (seven patients). Stimulation parameters were 
frequency 130 Hz, amplitude 6.0 V, pulse width 91 microsec., contact 
monopolar. Patients received single-blind sham stimulation for 4 weeks 
followed by active stimulation for 24 weeks and then entered a single-
blind discontinuation phase. Patients were evaluated for up to 2 years 
after the onset of active stimulation. Significant decrease in depression 
and increase in function were associated with chronic stimulation. 
Remission and response were seen in 3 patients (18%) and 7 (41%) after 
24 weeks (n=17), 5 (36%) and 5 (36%) after 1 year (n=14), and 7 (58%) 
and 11 (92%) after 2 years (n=12) of active stimulation. No patient 
achieving remission experienced a spontaneous relapse. Efficacy was 
similar for patients with major depressive disorder and those with 
bipolar disorder. Chronic DBS was safe and well tolerated, and no 
hypomanic or manic episodes occurred. A modest sham stimulation 
effect was found, likely due to a decrease in depression after the surgical 
intervention but prior to entering the sham phase [12].

Puigdemont et al. published a study aimed to confirm the efficacy 
and measure the impact of discontinuation of DBS. It represents the first 
6-month double-blind, randomized, sham-controlled crossover study
on five implanted patients with previous severe TRD who experienced
full remission after chronic stimulation. For each the following
stimulation parameters were maintained: frequency 130-135 Hz,
amplitude 3,5-5 V, pulse width 120-240 microsec., contact monopolar.
After more than 3 months of stable remission, patients were randomly
assigned to 2 treatment arms: the ON-OFF arm, which involved active
electrode stimulation for 3 months followed by sham stimulation for 3
months, and the OFF-ON arm, which involved sham stimulation for
3 months followed by active stimulation for 3 months. The primary
outcome measure was the difference in the 17-item Hamilton Rating
Scale for Depression (HAMD-17) total score between sham and active
stimulation. At the end of active stimulation, depression was remitted
in 4 of 5 patients and none of them had experienced a relapse, whereas
at the end of sham stimulation, 2 patients remained in remission,
2 relapsed and 1 showed a progressive worsening without reaching
relapse criteria [13,14].

DBS of Ventral Capsule/Ventral Striatum (VC/VS)

Malone et al. published 17 patients with MD, including a patient 
with bipolar disorder, received open-label DBS at three collaborating 
clinical centers [15,16]. Electrodes were implanted bilaterally in the VC/
VS region (ventral anterior limb of the internal capsule and adjacent 
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ventral striatum). Stimulation parameters used were maintained: 
frequency 127 Hz, amplitude 6.7 V, pulse width 113 microsec.,contact 
monopolar. Significant improvements in depressive symptoms were 
observed. Mean % change in MADRS and in HDRS scores was 
significant (55% for MADRS and 57% for HRDS) with response rates 
of 53% at 12 months and 71% at the last follow-up (14-67 months with 
average of 37.4 months) [15,16].

DBS of Nucleus Accumbens (NAcc)

Schlaepfer et al. reported three patients with TRD implanted with 
bilateral DBS electrodes in the NAcc in which stimulation parameters 
(frequency 145 Hz, amplitude 4.0 V, pulse width 90 microsec., contact 
monopolar) were modified in a double-blind manner. Clinical ratings 
improved in all three patients (mean % change of 42% in HDRS and 
31% in MADRS) in on-stimulation and worsened in all three patients 
in off-stimulation. Effects were observable immediately and no side 
effects occurred. FDG-PET study showed increase in metabolism 
after stimulation in NAcc, amygdala, dorsolateral and dorsomedial 
prefrontal cortex, decrease in metabolism in medial prefrontal cortex 
and caudate [17,18].

Bewernick et al published long-term outcomes of a larger series of 
11 patients with % change of 31% in HDRS and 33% in MADRS [19]. 
In this series stimulation parameters were frequency 130 Hz, amplitude 
5.0-8.0 V, pulse width 90 microsec, contact monopolar.

DBS of Inferior thalamic peduncle (ITP) 

Jimenez et al. reported one patient with TRD and Obsessive-
Compulsive Disorder (OCD) treated with bilateral DBS of ITP. Inferior 
thalamic peduncle is a bundle of fibers connecting the orbito-frontal 
cortex with the non-specific thalamic system in a small area behind the 
fornix and anterior to the polar reticular thalamic nucleus; both ITP 
and orbito-frontal cortex have proven to be hyperactive in depression, 
phenomenon that reverses with effective pharmacological treatment.

After 8 months of stimulation (frequency 130 Hz, amplitude 3.0-
5.0 V, pulse width 450 microsec, contact bipolar) the patient entered in 
a double-blind protocol with stimulation off. During the stimulation-
ON there was a global improvement in HDRS, function and 
neuropsychological scores, while during stimulation-OFF spontaneous 
fluctuations of symptoms were reflected by HDRS without return to 
pre-implanted scores [20].

DBS of Lateral Habenula

Sartorius et al., based on their hypothesis of an overactivation of 
the habenula in human major depressive episodes, reported one case of 
DBS of the Lateral Habenula with an amplitude of 10.5 V. The procedure 
resulted in a sustained full remission of depressive symptoms after 60 
weeks of stimulation [21].

DBS of Medial Forebrain Bundle (MFB)

Schlaepfer et al. performed DBS of the supero-lateral branch of 
the Medial Forebrain Bundle (slMFB) in seven patients with highly 
refractory depression with the following parameters of stimulation: 
frequency 130 Hz, amplitude 2.4-3.5 mA left and 2.3-3.1 mA right, 
pulse width 60 microsec, contact bipolar. Six patients had a rapid 
response and mean MADRS of the whole series was reduced by 50% at 
day 7 after onset of stimulation. At last observation (12–33 weeks), six 
patients were responders; among them, four were classified as remitters. 
Social functioning (Global Assessment of Functioning) improved in 
the sample as a whole from serious to mild impairment [22]. 

Discussion
DBS is an unique, very promising and “ultima ratio” therapy 

for the treatment of therapy-resistant psychiatric patients. Current 
neurocircuitry models of depression are largely based on neuroimaging 
findings in depressed vs normal subjects [23,24]. These findings, 
acquired with fRMI and PET, include hypermetabolism of the subgenual 
cingulate cortex in the depressed vs remitted state, hyperreactivity 
of the amygdala [25] to negative stimuli and hypometabolism of the 
dorsolateral prefrontal cortex and striatum [3,26,27]. DBS results in 
modulation and regulation of the abnormal brain networks and it is 
believed that high-frequency stimulation has inhibitory effect while a 
low-frequency stimulation has excitatory effect [28]. In DBS multiple 
targets along nodes in a circuit may lead to treatment but with variable 
effect. It is probably due not only to illness heterogeneity, individual 
neuroanatomical variability and variable time courses of the therapeutic 
effects of stimulation but also to psychosocial support, personality and 
temperament [6,29]. For this reason the combination of functional 
neuroimaging with specific biomarkers could be helpful in identifying 
biologically distinct phenotypes within the TRD spectrum [17,30]. 
Besides DBS may become a therapeutic alternative for the long-term 
management of severe and chronic TRD as it does not seem to produce 
cognitive side effects [15,16]. The SCG has been demonstrated to be an 
important node in the mood regulation circuitry [7,9,12,14,15,31-34]. 
DBS of SCG carries the benefit of treating both unipolar and bipolar 
depression [12] while appearing not to have the risk of mania seen with 
other depression targets [34]. 

The Mayberg group demonstrated an initial response rate of 41%-
66% at 24-26 weeks, increased to 64%-92% at two-to-six years. DBS 
applied to the NAcc demonstrated response and remission rates at 12 
months of 50% and 45% respectively and at 24 months of 30% and 9% 
respectively [19,35]. DBS applied to VC/VS demonstrated at 6 months 
a response rate of 40% and a remission rate of 20% and 71% and 35% at 
14-67 months follow-up [15,16]. DBS applied to MFB seems to be a very 
promising neuromodulation procedure for its robust antidepressant 
effect that reaches a full remission of the symptoms at short-term 
follow-up. Its efficacy may be due to the close functional and anatomical 
relationship with NAcc [36]. In all examined studies it is observed the 
use of high amplitudes of stimulation; the need of considerable amount 
of electrical current delivered raises the problem of battery exhaustion 
and the opportunity to use rechargeable devices.

As a result, DBS is to be possibly offered to the most refractory cases 
of MD, trying to limit the enormous costs associated with management 
of chronic TRD [37,38]. At first sight, there is no need for specific ethical 
criteria for DBS in psychiatric disorders, but the same criteria as for DBS 
in movement disorders as for any other biomedical intervention can 
be applied: a) DBS has to benefit the patient (principle of beneficence), 
b) DBS do no harm to the patient (principle of non maleficence) and 
c) DBS reflects individual patient preferences (principle of respect of 
autonomy) (Table 1).

Conclusion
DBS for TRD is a promising therapy. The two most investigated 

targets found in the literature are SCG and VC/VS but several other 
targets are being used. Some studies suggest that DBS applied to the 
SCG is potentially efficacious and acceptable for treating chronic and 
severe TRD both in the short and in the medium to long-term but larger 
and more representative series should be included. 

However until today the most appropriate targets, the optimal 
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stimulation parameters and the long-term effects and efficacy remain 
uncertain. Much efforts are needed to develop more appropriate 
selection criteria for determining which patients would benefit from 
DBS, taking into account the justified political and psychiatry-critical 
dimensions of psycho-neurosurgical operations and to publish more 
randomized controlled trials of DBS in treatment resistant depression.
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