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Chapter 4

Neuroimaging deep brain

stimulation in psychiatric disorders

Martijn Figee, Pepijn van den Munckhof,
Rick Schuurman and Damiaan Denys

Chapter in: Deep Brain Stimulation:
A New Frontier in Psychiatry. Berlin;

Heidelberg: Springer, 2012, p. 225-239

Neuroimaging may help to understand the mechanism of action of deep brain 

stimulation for psychiatric disorders at existing targets and to explore future 

targets. To this end, we will discuss structural and functional imaging studies of 

obsessive-compulsive disorder, major depressive disorder, Tourette syndrome 

and addiction, and the neuro-anatomical changes in these disorders induced 

by DBS.

Introduction
Until the 1990’s, psychosurgery almost exclusively employed ablative lesions. 

Targeting was based on anatomic studies and animal experiments, and further 

developed by correlating clinical effects to autopsy findings (Moniz 1936; 

Talairach et al. 1949). In 1999, Vandewalle et al. and Nuttin et al. introduced 

deep brain stimulation (DBS) as an experimental treatment for, respectively, 

Tourette syndrome (TS) and obsessive-compulsive disorder (OCD) (Vande-

walle et al. 1999; Nuttin et al. 1999). The TS target in the thalamus was based 
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on the thalamotomy target from Hassler and Dieckman (1970), whereas the 

OCD target in the anterior limb of the internal capsule (ALIC) was based on 

the capsulotomy target for treatment-refractory OCD (Bingley et al. 1977). 

Meanwhile, neuroimaging of psychiatric disorders evolved from basic struc-

tural computer tomography (CT) and magnetic resonance (MR) imaging 

techniques to more sophisticated functional modalities, including positron 

emission tomography (PET), functional MR imaging (fMRI) and diffusion 

tensor imaging (DTI). These techniques have greatly expanded our knowledge 

of the pathogenesis of psychiatric disorders, and helped us to understand the 

therapeutics of DBS. Neuroimaging may also serve to identify potential new 

DBS targets for psychiatric disorders. This chapter discusses the neuroimag-

ing studies of OCD, major depressive disorder (MDD), TS and addiction, and 

DBS-related brain changes in these disorders.          

Obsessive-compulsive disorder

Neuroimaging of OCD pathology
Numerous structural and functional imaging studies have related OCD to 

pathology of the cortical-striatal-thalamic-cortical network (CSTC) (Whiteside 

et al., 2004; Menzies et al., 2008; Radua et al., 2010). The most consistent struc-

tural imaging findings are increased gray matter volume of the basal ganglia, 

particularly the caudate nucleus and putamen, in association with decreased gray 

matter volume of the anterior cingulate cortex (ACC) and orbitofrontal cortex 

(OFC) (Radua et al., 2010; Menzies et al., 2008). DTI revealed white matter tract 

abnormalities in the medial frontal cortex (MFC) and in the corpus callosum 

(Bora et al., 2011), and in the ACC and ALIC, suggesting disrupted cortical-

cortical connections (Lehman et al., 2011), and frontal cortical - ventral striatal 

connections (including the nucleus accumbens (NAc)), thalamus and brain-

stem (Lehman et al., 2011). Functional imaging studies identified hyperactivity 

in the head of the caudate nucleus and OFC during resting-state (Whiteside et 

al., 2004) and during OCD symptom provocation, along with hyperactivity of 

the thalamus, dorsolateral prefrontal and parietal cortex, ACC and limbic areas 

(Rotge et al., 2010). Improvement of OCD symptoms following treatment with 

selective serotonin reuptake inhibitors (SSRI) or cognitive behavioral therapy 
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(CBT) is related to a decrease of hyperactivity of the OFC and caudate, and 

the functional correlation between these structures (Saxena and Rauch, 2000). 

This latter finding suggests that OCD is not only related to hyperactivity of 

CSTC nodes, but also to increased functional coupling between these nodes. 

This view is supported by more recent evidence from resting-state fMRI studies 

that revealed excessive coupling between CSTC nodes, especially between the 

ventral striatum and the OFC (Harrison et al., 2009; Sakai et al., 2010), of which 

the latter is correlated with symptom severity (Harrison et al., 2009). Increased 

coupling was found also between the dorsal and ventral striatum, which is 

thought to underlie compulsive drug seeking as well (Belin & Everitt, 2008). 

Both OCD and addiction have been related to NAc dysfunction during reward 

processing (chapter 2, Figee et al., 2011, Hommer et al., 2011). Activation of 

the prefrontal cortex and ventral striatum is related to healthy reward process-

ing (Knutson et al., 2001), whereas the dorsal striatum contributes to habitual 

control of behavior (Tricomi et al., 2009). Increased coupling between frontal 

and striatal regions and between ventral and dorsal striatum may thus reflect a 

shift from healthy goal-directed behavior towards compulsive habits. 

In summary, neuroimaging studies in OCD confirm dysfunction in all CSTC 

nodes: structural abnormalities and hyperactivity in the OFC, ACC, basal 

ganglia and thalamus, in association with dysfunctional white matter connec-

tions and functional connectivity between these nodes. 

Neuroimaging and DBS for OCD
Current DBS targets for treatment-refractory OCD are all located within the 

CSTC network (de Koning et al., 2011): the anterior limb of the internal capsule 

(ALIC), the ventral striatum/ ventral internal capsule (VS/VC), nucleus accum-

bens (NAc), subthalamic nucleus (STN) and the inferior thalamic peduncle 

(ITP). How effective are these targets, and how does DBS modulate CSTC brain 

dysfunction in OCD? 

ALIC & VC/VS

Bilateral DBS targeted at the ALIC and VC/VS results in 45% symptom 

improvement, with a responder rate (defined as >35% symptom improvement) 

Neuroimaging DBS in psychiatry
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of 19 out of 31 patients (de Koning et al., 2011). Two studies mapped functional 

brain changes related to acute ALIC stimulation, when no clinical effects had 

occurred yet. High frequency ALIC stimulation of the 10 days after electrode 

implantation in one OCD patient induced blood-oxygen-dependent (BOLD) 

activation of the bilateral striatum, pons and frontal, temporal and occipital 

cortex (Nuttin et al., 2003). High frequency VC/VS stimulation two weeks after 

implantation in six OCD patients induced 15O-CO2 PET activation of the dorsal 

striatum (putamen), ventral globus pallidus, thalamus, subgenual ACC (sgACC) 

and medial OFC (Rauch et al., 2006). Low-frequency stimulation elicited no 

activation patterns that differed from non-stimulation, supporting the widely 

held hypothesis that only HF DBS is effective for psychiatric disorders. Of note, 

acute changes in putamen and OFC following bilateral VC/VS stimulation were 

right-sided, which is puzzling because the right side of the ALIC contains less 

and wider bundles than the left side (Axel et al., 1999). Exact stimulation locali-

zations were not mentioned in these two acute DBS imaging studies, but it 

could be inferred from related clinical data (Greenberg et al., 2006) that ventral 

striatal/NAc as well as more dorsal internal capsule electrode contacts were 

stimulated, in both unipolar and bipolar modes. Clinical response of chronic 

ALIC DBS was related to decreased PET activity in the OFC in two OCD patients 

after three to six weeks of stimulation (Abelson et al., 2005) and in two OCD 

patients after 3 months of continuous stimulation (Nuttin et al., 2003). In the 

latter study, OFC deactivation was also noted in a non-responder and seemed 

to occur irrespective of monopolar or bipolar stimulation, high voltage (9V) 

or low voltage (4V and 5.5V), and white matter stimulation only (2 patients) 

or stimulation of NAc gray matter as well (1 patient). Six OCD patients were 

scanned with glucose PET preoperatively and after 3-26 months of continuous 

ALIC stimulation (van Laere et al., 2006). Chronic ALIC DBS decreased activity 

in the sgACC (Brodmann area 32), right dorsolateral prefrontal cortex and right 

anterior insula. The ALIC connects frontal cortical areas with basal ganglia, 

thalamus and brainstem, which are all activated by ALIC stimulation initially. 

However, chronic and therapeutic ALIC DBS seems to specifically inhibit 

frontal cortical areas and normalize OFC hyperactivity. 
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Nucleus Accumbens (NAc)
Bilateral DBS targeted at the NAc resulted in 51% symptom improvement with 

a responder rate of 11 out of 19 patients, whereas unilateral DBS targeted at the 

right-sided NAc resulted in only 21% symptom improvement with a responder 

rate of only one out of 10 patients (de Koning et al., 2011). Functional brain 

changes related to NAc DBS in OCD patients have not been published yet. 

However, ALIC stimulation in the Belgian studies (Nuttin et al., 2003; van 

Laere et al., 2006) likely involved NAc stimulation as well, since they used large 

quadripolar electrodes (model Pisces Quad 388 (Medtronic) with contact points 

3 mm long and separated from adjacent contacts by 6 mm) and high voltages 

(up to 10.5V) at several electrode contact points, including the most ventral 

contact located in the NAc. OCD patients in this study displayed bilateral NAc 

hyperactivity before implantation of ALIC electrodes, which normalized after 

chronic stimulation (van Laere et al., 2006). 

Subthalamic Nucleus (STN)
Bilateral DBS targeted at the STN resulted in 31% symptom improvement with 

a responder rate of 12 out of 16 patients (Mallet et al., 2008), but the responder 

criterion was less stringent than in the ALIC, VC/VS and NAc studies (25% 

versus 35% symptom-improvement, respectively). Although there is no neuro-

imaging evidence for direct STN involvement in OCD pathology, STN DBS may 

be effective for OCD by normalizing frontal hyperactivity through the indirect 

inhibitory CSTC pathway. Indeed, Le Jeune et al. (2010) found decreased ACC 

activity during STN DBS in 10 OCD patients, as measured with glucose PET 

imaging and, similar to the ALIC findings, therapeutic effects correlated with a 

decrease of OFC hyperactivity.

Inferior Thalamic Peduncle (ITP)
Bilateral ITP DBS resulted in 49% symptom improvement, with a responder 

rate of five out of five patients (Jiménez-Ponce et al., 2008). ITP DBS is likely 

to alter OFC activity because the ITP is a major connecting point between the 

thalamus and OFC (Axer et al., 1999), though there are no functional imaging 

data of ITP DBS available in OCD.  

ch 4
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  In summary, the current DBS targets for treatment-refractory OCD, which 

are all located within the CSTC network, result in 44% symptom improvement, 

with a responder rate of 47 out of 71 patients. DBS targeted at the ALIC, VC/

VS and STN induces local and global functional changes within the connected 

CSTC network, and clinical responses are related to normalization of OFC 

hyperactivity. DBS targeted at the NAc seems to normalize disease-related NAc 

hyperactivity, which restores its local reward function and decreases excessive 

frontostriatal coupling. 

Major depressive disorder

Neuroimaging of MDD pathology
The symptomatology of MDD and its underlying brain circuitry is less consist-

ent and more heterogeneous compared to OCD, involving brain systems that 

regulate mood and emotions, reward processing and motivation, attention and 

memory, stress responses, energy, sleep, appetite and libido (Drevet et al., 2008). 

Cortico-limbic systems subserving these various processes in MDD have been 

characterized by a dorsal motor and sensory circuit that involve premotor,

temporal and sensory cortices, and a ventral reward and emotion regulating 

circuit that includes the ventral ACC, OFC and the ventral striatum, hippocam-

pus and amygdala, extending into a visceral network with hypothalamus and 

brainstem (Drevets et al., 2008). 

 Structural MRI studies have consistently related MDD to volumet-

ric deficits within the cortico-limbic circuit, e.g. reduced volume of the OFC, 

sgACC, superior temporal gyrus, basal ganglia, and volumetric reductions of 

amygdala and hippocampus that may have developed secondary to the illness 

(Lorenzetti et al., 2009, Drevet et al., 2008). Resting-state fMRI and PET findings 

reveal hypoactivity of dorsomedial and dorsolateral prefrontal cortices, along 

with hyperactivity of the ventral cortico-limbic circuit. Hyperactivity is particu-

larly found in the sgACC, which is related to depression severity and can be 

reversed by pharmacotherapy (Sacher et al., 2011). Both increases and decreases 

of functional connectivity have been found between limbic and cortical struc-

tures (Hasler & Northoff, 2011, de Kwaasteniet et al., 2013). DTI studies report 

dysfunctional white matter tracts between frontal and temporal cortices, as 
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well as in ACC fibers (Maller et al., 2010). 

 The anhedonia of depression could be viewed as a state of reduced 

motivation to seek rewards and to engage with all aspects of the world (Alcaro 

& Panksepp 2011). In accordance, attenuated ventral striatal responses to 

reward and dysfunctional mesolimbic dopaminergic neurotransmission often 

have been observed in MDD (Pizzagalli et al., 2009; Robinson et al., 2011; 

Nestler & Carlezon, 2006). Dysfunction of the brainstem, ventral striatum and 

limbic system may lead to the characteristic hedonic-emotional disturbances 

of MDD, with hyperactive sgACC reflecting impaired modulatory control over 

pathological limbic responses.

 In summary, neuroimaging studies of MDD reveal pathology in the 

cortico-limbic network: reduced volumes and hyperactivity in sgACC, orbito-

frontal and temporal cortices, amygdala and hippocampus, and hypoactivity in 

dorsal cortical regions. Dysfunctional white matter connections and functional 

connectivity are found between cortical and limbic structures and between 

frontal and temporal cortices. 

Neuroimaging and DBS for MDD

Two of the three currently used DBS targets for MDD are located in the ventral 

cortico-limbic network, the NAc and the VC/VS. The subcallosal cingulate 

gyrus (SCG) connects with both dorsal and ventral networks. 

Nucleus Accumbens (NAc)
Bilateral DBS targeted at the NAc resulted in a 36% MDD symptom improve-

ment after one year with a responder rate (50% reduction) of five out of ten 

patients (Bewernick et al. 2010). Similar to OCD patients, MDD patients have 

blunted NAc responses during reward processing (Pizzagalli et al., 2009), 

which may reflect anhedonia. One week of acute stimulation at the lowest two 

contacts in the NAc core and shell did not produce subjective antidepressive 

effects, however in a descriptive case study, one patient reported the sudden 

urge to visit the famous Cologne Cathedral, and another patient wished to take 

up her old bowling hobby again (Schlaepfer et al., 2008). These acute hedonic 

improvements were accompanied by increased PET metabolism in the NAc 
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compared to pre-surgery. Acute NAc DBS also increased metabolism in the 

connected amygdala and decreased activity in medial and dorsal cortical areas. 

Following 6 months of chronic NAc stimulation in seven MDD patients, local 

changes of NAc metabolism were no longer observed. However, metabolism 

across its connected ventral network seemed to have normalized with decreased 

metabolism in the OFC, sgACC and thalamus, and in the amygdala in respond-

ers compared to non-responders (Bewernick et al. 2010). Metabolic decreases 

were found in the posterior ACC and caudate nucleus, and increases in the 

precentral gyrus. In parallel with the neuroimaging findings of DBS for OCD, 

acute stimulation of the NAc seems to restore its local function, seemingly 

reducing excessive activity in the connected frontostriatal and limbic network.  

Ventral striatum/ ventral internal capsule (VS/VC)
In an open study, bilateral VC/VS DBS resulted in 47% symptom improvement 

after 1 year with a responder rate of 7 out of 15 MDD patients (Malone et al. 

2009). Since therapeutic VC/VS stimulation in OCD modulates frontal cortical 

areas, basal ganglia, thalamus and brainstem and also improves mood, it may 

affect similar brain regions in MDD. However, there are thus far no functional 

imaging data of VC/VS DBS in MDD. 

 

Subcallosal cingulate gyrus (SCG)
Bilateral DBS targeted at the SCG (which includes sgACC) resulted in a 

49% symptom improvement after 1 year with a responder rate of 22 out of 

49 MDD patients (Lozano et al., 2008 and 2011; Puigdemont et al., 2011). The 

SCG connects with all cortico-limbic network nodes that are involved in MDD 

pathology, including the sgACC, ACC, OFC, NAc, hypothalamus, amygdala, 

and brainstem. In addition, the SCG contains cortico-cortical fibers to dorso-

lateral prefrontal, temporal and parietal cortices. Accordingly, SCG DBS was 

found to modulate brain activity in all of these nodes. Mayberg et al. (2005) 

confirmed (15O-H2O) PET hyperactivity in the sgACC and decreased activity 

in dorsal cortical regions in five MDD patients compared with matched healthy 

controls. In three patients that were subsequently implanted with electrodes at 

the SCG, therapeutic DBS decreased sgACC hyperactivity and increased dorsal 

prefrontal hypoactivity. The authors replicated this finding with 18F-FDG-PET 
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in a second sample of eight SCG DBS responders (Lozano et al., 2008). However, 

in this study, DBS not only decreased SCG gray matter metabolism, but also 

increased activity in the adjacent white matter, which suggests that SCG DBS 

may either inhibit or excite gray matter network nodes through direct activation 

of local white matter. SCG DBS also reduces activity in the OFC, medial frontal 

cortex, anterior insula and hypothalamus, and increases metabolism in anterior 

and posterior cingulate, premotor, and parietal regions (Mayberg et al., 2005; 

Lozano et al., 2008).

 
Medial Forebrain Bundle (MFB)
Coenen et al. (2009) used DTI to explore the mechanism of transient hypoma-

nia after STN stimulation in Parkinson’s disease. Hypomania was related to 

stimulation of the STN electrode contact that had white matter connections 

with the medial forebrain bundle (MFB). Based on this observation, and the 

fact that the MFB is connected to the dopaminergic ventral tegmental area and 

to all effective DBS targets for MDD, the authors recently proposed the MFB as 

a potential DBS target for MDD treatment (Coenen et al., 2011). 

In summary, DBS for treatment-refractory MDD has been targeted at the 

ventral cortico-limbic network (NAc and VC/VS), which resulted in a 42% 

symptom improvement and a responder rate of 12 out of 25 patients. DBS at 

both dorsal and ventral networks (SCG) induced 48% symptom improvement, 

with a responder rate of 22 out of 49 patients. NAc DBS may induce acute 

hedonic improvement in MDD by restoring NAc function, which is followed 

by normalization of excessive activity in OFC, sgACC, thalamus and amygdala. 

Similar to NAc DBS, stimulation of SGC white matter normalizes MDD hyper-

activity of the OFC and sgACC, however additional changes are found in the 

hypothalamus. Furthermore, SCG DBS uniquely stimulates cortico-cortical 

fibers, which normalizes hypoactivity in DLPFC and parietal cortex. 
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Figure 1: Brain changes related to therapeutic DBS in OCD and MDD                
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Addiction

Imaging studies in addicted subjects suggest that excessive drug use is associ-

ated with increased dopaminergic activity in the NAc and ventral tegmental 

area (Koob & Volkow, 2010). Decreased activity in these reward regions may 

be responsible for the anhedonic withdrawal effects that drive compulsive drug 

taking, in association with disrupted activity of DLPFC, OFC and ACC reflect-

ing impaired inhibitory control and impulsivity. Although all of these brain 

structures could be potential DBS targets for addiction, only the ALIC/NAc 

has been actually targeted in a total of seven addicted humans (Luigjes et al., 

2011; Sun & Liu, 2012). In addition, beneficial effects of STN DBS on addictive 

behaviors are reported in the treatment of Parkinson’s disease (Luigjes et al., 

2011). No imaging studies are available that have investigated the mechanism 

of therapeutic DBS in addicted patients. As reported elsewhere in this chapter, 

NAc DBS may normalize dysfunctional activity in the NAc and in connected 

frontal areas (Bewernick et al., 2010), which may be therapeutic for addiction 

by reducing craving, increasing salience of natural reinforcers and improving 

inhibitory control. Finally, SCG DBS might be effective for addiction based 

on its role in emotional control and findings of increased sgACC metabolism 

after intravenous methylphenidate in addicted subjects compared to controls 

(Volkow et al., 2005). 

Tourette syndrome

Neuroimaging of TS pathology
TS is hypothesized to be caused by a failure of inhibition of the somatosensory 

‘premonitory urges’ and associated motor enactments that constitute tics (Mink, 

2001). Structural MRI studies reported reduced caudate nucleus volumes in 

children and adults with TS, and reduced putamen en globus pallidus volumes 

in TS patients with comorbid OCD (Peterson et al., 2003; Bloch et al., 2005). 

However, high-precision surface-based diffeomorphic MRI techniques in 

drug-naïve TS adults failed to show volume differences in the basal ganglia or 

thalamus (Wang et al., 2007). Recent voxel-based brain morphometry in adult TS 

patients showed reduced grey matter volumes in the medial OFC, ACC, ventro-
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lateral PFC, operculum, amygdala and hippocampus, whereas the volumes of 

the primary somatosensory cortex, putamen and right dorsal premotor cortex 

were increased (Draganski et al., 2010). Although these cortical grey matter 

changes were not associated with comorbid OCD, a negative correlation was 

detected between ventral striatal volume (NAc) and OCD-symptom severity. 

DTI analysis revealed white matter tract abnormalities in the corpus callosum, 

the anterior and posterior limb of the internal capsule, and long association 

fiber pathways such as the superior longitudinal fascicle (Draganski et al., 2010; 

Neuner et al., 2010). 

 FMRI imaging studies identified TS-related hyperactivity in brain 

regions that are thought to represent features of the premonitory urges, such 

as the somatosensory and posterior parietal cortices, putamen, amygdala and 

hippocampus (Wang et al., 2011). Furthermore, hyperactivity was observed 

throughout the motor pathway, including the primary motor cortex, PFC, 

supplemental motor area, the posterior part of ACC, putamen, globus pallidus, 

thalamus and substantia nigra (Bohlhalter et al., 2006; Wang et al., 2011). 

In contrast, CSTC network nodes that exert top-down control over motor 

pathways, such as the caudate nucleus and the anterior part of ACC, were 

shown to be hypoactive (Wang et al., 2011).

 In summary, recent fMRI studies in TS patients have identified patho-

logical activity in the CSTC circuits, the preceding sensory premonitory urge, 

and the failed inhibition of both phenomena. The conflicting structural MRI 

results on basal ganglia volumes may be explained by the use of different 

measuring techniques or, alternatively, may reflect the parallel existence of both 

hyperactive premonitory urge/tics and hypoactive inhibitory CSTC circuits.

Neuroimaging and DBS for TS
To date, four DBS targets have been used for treatment-refractory TS: the 

medial part of the thalamus, the internal part of the globus pallidus, the 

external part of the globus pallidus, and the ALIC/NAc (for review see Acker-

mans et al., 2012). Reported symptom improvement varied between 24% and 

95%. Thus far, only one group used neuroimaging to investigate brain changes 

of therapeutic DBS in TS (Vernaleken et al., 2009; Kuhn et al., 2012). Three TS 

patients who showed good responses to 6 months of medial thalamic DBS were 
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scanned during DBS on and off with [18F]fallypride PET to measure striatal 

and extrastriatal dopamine D2/3-receptor binding. With DBS on, D2/3-receptor 

availability of TS patients was higher then matched healthy controls in the 

thalamus, temporal cortex, caudate nucleus and putamen, which could reflect 

D2/3-receptor upregulation as a result of chronic DBS. When DBS was switched 

off for one hour, thalamus D2/3-receptor availability decreased by 7 to 18% 

in two bilaterally stimulated patients, suggesting increased dopaminergic 

transmission after DBS discontinuation. D2/3-receptor binding in one left side 

stimulated patient decreased with 6.4% in the left thalamus but increased with 

28% in the contra-lateral right thalamus. Conversely, putamen D2/3-receptor 

availability increased during DBS off in the patients with bithalamic DBS, but 

decreased in the patients with unilateral thalamic stimulation. These results 

suggest that therapeutic thalamic DBS in TS modulates dopaminergic trans-

mission in the motor striatal circuit: bilateral thalamic stimulation causes local 

dopamine decrease in the thalamus and an increase in the putamen, whereas 

opposite changes are reported after unilateral stimulation. 

Conclusions and future perspectives

Structural and functional neuroimaging studies have revealed dysfunction of 

cortico-striatal-limbic networks in OCD, MDD, addiction and TS. Functional 

imaging studies that investigated the mechanism of action of therapeutic DBS 

are limited, and have mainly focused on OCD and MDD (Figure 1.1-4). DBS 

of the ALIC, VC/VS and NAc normalizes frontostriatal coupling and excessive 

activity in the OFC and ACC, which may be therapeutic for OCD and MDD 

by restoring goal-directed behavior and improving emotional, cognitive and 

behavioral control. DBS-induced restoration of local NAc activity seems related 

to acute hedonic and motivational changes in OCD and MDD. Similar to these 

ventral striatal DBS targets, SCG DBS in MDD normalizes OFC and sgACC 

hyperactivity, although its specific antidepressant effects may also be linked to 

reversal of hypoactivity in dorsal and parietal cortical areas and to its effects 

on hypothalamus metabolism. Thalamic DBS for TS modulates dopaminergic 

transmission in motor striatal areas. Although there are no imaging data of DBS 

for addiction, NAc DBS may be the best choice because it normalizes activity 
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in the ventral striatal reward system and in frontal inhibitory control areas. 

Stimulation of the SCG has never been tried for addiction but might normalize 

sgACC hyperactivity in response to compulsive drug taking.  Despite the recent 

advances in the field of psychiatric neuroimaging, most current psychiatric 

DBS targets have not been based on neuroimaging results. Only the SCG was 

defined on fMRI and PET imaging findings in MDD patients. Recently, the 

MFB was proposed as a new MDD target based on fiber tracking imaging of 

mood changes following STN DBS in Parkinson’s disease. The elucidation of 

the mechanism of action of current DBS targets and the search for better brain 

targets would profit from more studies reporting on baseline/preoperative 

activity of the diseased network, the exact neuroanatomical location of active 

electrode contacts and stimulation parameters, and DBS-induced changes of 

both the diseased network and concomitantly modulated networks (which 

may explain DBS-related side-effects). The combination of neuroimaging and 

DBS offers a unique research tool to understand brain networks of psychiatric 

diseases and how to effectively modulate them.  


