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Abstract

Objectives—Deep brain stimulation (DBS) has been established as a safe, effective therapy for
movement disorders (Parkinson’s disease, essential tremor, etc.), and its application is expanding
to the treatment of other intractable neuropsychiatric disorders including Depression and
Obsessive-Compulsive Disorder (OCD). Several published studies have supported the efficacy of
DBS for severely debilitating OCD. However, questions remain regarding the optimal anatomical
target and the lack of a bedside programming paradigm for OCD DBS. Management of OCD DBS
can be highly variable and is typically guided by each center’s individual expertise. In this paper,
we review the various approaches to targeting and programming for OCD DBS. We also review
the clinical experience for each proposed target, and discuss the relevant neuroanatomy.

Methods—A PubMed review was performed searching for literature on OCD DBS and included
all articles published before March 2012. We included all available studies with a clear description
of the anatomical targets, programming details, and the outcomes.

Results—Six different DBS approaches were identified. High frequency stimulation with high
voltage was applied in most cases, and predictive factors for favorable outcomes were discussed in
the literature.

Conclusion—DBS remains an experimental treatment for medication refractory OCD. Target
selection and programming paradigms are not yet standardized, though, an improved
understanding of the relationship between the DBS lead and the surrounding neuroanatomical
structures will aid in the selection of targets and the approach to programming. We propose to
form a registry to track OCD DBS cases for future clinical study design.

Keywords

Deep Brain Stimulation; Obsessive Compulsive Disorder; Ventral Capsule/Ventral striatum;
Subthalamic nucleus; Inferior thalamic peduncle

Introduction

Obsessive Compulsive Disorder (OCD) is a potentially disabling neuropsychiatric illness
with a lifetime prevalence of 2.3%. 1 In recent years, attention has been given to a novel
treatment approach, deep brain stimulation (DBS), for those with chronic and severe
treatment-refractory OCD. While DBS has been established as a safe and effective treatment
for movement disorders such as Parkinson’s disease and essential tremor, 2 its use in treating
neuropsychiatric disorders is still experimental. The first report of DBS in patients with
OCD was described by Nuttin and colleagues, 3 who selected their target, the anterior limb
of the internal capsule, based on the anatomical target used in the ablative technique, the
anterior capsulotomy. Following this initial study, the use of DBS in patients with treatment-
refractory OCD was examined in four controlled studies. 4~/ In addition to a multitude of
various neuroanatomical targets, the number of possible bedside programming combinations
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is so large, that patient’s cannot in practicality, be tested on all settings. We will review the
published approaches to neuroanatomical target selection, and discuss the hypotheses of
aberrant neurocircuitry in OCD. We aim to use the anatomical information as a springboard
to propose potential DBS programming paradigms for OCD.

Various hypotheses have been proposed to explain the pathophysiology of OCD. Many of
these theories are based on phenomenology and include dysfunctions in cognitive
flexibility, 8 reversal learning, 2 reward processing 10: 11 and error recognition, emotion and
motivation. 12 However, other theories, based on imaging studies and surgical experience,
seek to describe the role of aberrant neuroanatomical circuitry in OCD. Perhaps the most
widely accepted of these theories describes the role of the cortico-striato-thalamo-cortical
(CSTC) circuit. Alexander and colleagues proposed thalamo-cortical loops with different
functions. 13 14 Several authors have since expanded on this in describing the potential
pathophysiology in OCD. 15-19 Despite the variations in hypotheses, there appears to be a
consensus that the orbitofrontal cortex, thalamus, caudate nucleus, and the anterior cingulate
cortex appear to play central roles. Several authors posit that the basal ganglia circuits may
be involved in the pathophysiology of OCD, 19 20 while others have implicated the cortico-
thalamic loops and Papez circuit as having important roles. 21

Neuroimaging studies using computed tomography (CT) scans, 22-24 magnetic resonance
imaging (MRI) scans, 25-28 magnetic resonance spectroscopy (MRS), 29-32 functional MRI
(fFMRI), 10: 33-36 gjngle-photon emission computed tomography (SPECT) 3741 and positron
emission tomography (PET) 42 43 have been performed in an effort to develop circuit
hypotheses and while the results have been somewhat inconsistent, there does seem to be an
association of the orbitofrontal cortex (OFC), the thalamus and the caudate nucleus with
OCD pathophysiology.

Currently, neurosurgical procedures for the treatment of OCD aim to modulate a pathway in
the aberrant circuit, rather than addressing a single area that could be responsible for
etiology. 2! In the past decade, there have been six different anatomical targets used in deep
brain stimulation for the treatment of OCD. These include the anterior limb of the internal
capsule (ALIC), ventral capsule/ventral striatum (VC/VS), nucleus accumbens (NAcc),
ventral striatum, and subthalamic nucleus (STN), and inferior thalamic peduncle (ITP). We
review the theory underlying these various targets and will discuss methods for DBS
programming based on the area in which the DBS electrodes are placed.

A PubMed review was performed searching for literature on OCD DBS and included all
articles published before March 2012. We used keywords including “obsessive compulsive
disorder”, “deep brain stimulation”, “anterior limb”, “internal capsule”, “subthalamic
nucleus”, “inferior thalamic peduncle”, and “psychosurgery”. We included all available
studies with a clear description of the anatomical targets, programming details, and the

outcomes (n=20), and the results are summarized in Table 1. 4-7- 44-59
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Neuroanatomical Considerations

ALIC, VC/VS—The ALIC is comprised of several components including frontopontine
fibers, thalamic peduncles, and possibly the medial forebrain bundle (MFB). 60 The
frontopontine fibers project from frontal cortex to the pons, and thalamocortical fibers
(anterior and inferior thalamic peduncles) connects the medial and mediodorsal (MD) nuclei
of the thalamus to the frontal cortex. In the ALIC region, the frontopontine fibers are located
lateral to the anterior thalamic peduncle. The target for DBS to treat OCD which was
reported by Nuttin and colleagues was identical to the area targeted in gamma

capsulotomy. 3 61 In a subsequent report, the same group reported that they implanted the
DBS electrode in the ALIC and/or the adjacent ventral striatal region. 59

Greenberg and colleagues targeted the ventral capsule/ventral striatum (VC/VS). 53 This
VC/VS stimulation procedure was also utilized concomitantly for co-existing Tourette’s
syndrome (TS) cases with OCD, however the efficacy has been inconsistent. 48: 56, 58, 62
Greenberg reported that favorable outcomes in OCD increased as the target migrated toward
a more posterior target. 32 It is important to be aware that this “modified” VC/V'S trajectory
utilized in recent series may result in stimulating not only the NAcc and ALIC, but also
adjacent structures, including the diagonal band of Broca, stria terminalis, and nucleus
basalis. Denys and colleagues utilized the VC/VS trajectory with the smaller lead
configuration, and the efficacy was carefully evaluated in a double-blind crossover study. ’
This group utilized the identical target to the capsulotomy, and in these cases the tip of the
electrodes were located at the dorsal border of the NAcc. ’

NAcc—The NAcc has two different areas (shell and core), and these two regions are
assumed to have different functions. 63 64 The shell region in the human brain has been
assumed to be located in the caudal (posterior) area of the NAcc. 5 A human study revealed
that the shell region has more dense |1 receptors, and possibly this may be the explanation
that there are associated drug rewards. 5 The NAcc stimulation is based on the theory that
the OCD may be due to reward processing and behavioral addiction. ” However, the spread
of the electric current to the ventral capsule cannot be excluded as a potential mechanism to
the effect on the OCD symptoms in these cases. It remains unclear whether it is more
advantageous to target the shell or the core of the NAcc. Franzini and colleagues argued that
stimulation of the core region was more effective than the shell stimulation based on the
anatomical location of the DBS leads. 51 However, Strum and colleagues found favorable
improvements when the shell region of the NAcc was targeted. 8 Another study reported on
two cases in which the ventral striatum including the NAcc and the ventral part of the
caudate nucleus were stimulated. 46: 47 Interestingly, it was discovered that caudate nucleus
stimulation addressed depressive symptoms but not symptoms of OCD. 46: 47

There has been argument regarding the use of unilateral stimulation in patients with
neuropsychiatric disorders. 6 66-68 There have been two reports from Germany concerning
unilateral NAcc procedures passing through the dorsal area of the NAcc and ventral
capsule. 8 68 The electrode was implanted unilaterally on the right side in both studies. In
addition, the tip of the electrode seemed to be located in the nucleus basalis, posterior to
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NAcc and ventral to the AC. 8 This unilateral procedure seems to be largely based on the
first experience with a patient who benefitted from right unilateral stimulation, but not from
left unilateral stimulation. Lippitz and colleagues found that the volume of the capsulotomy
lesion in the right hemisphere influenced clinical outcomes. 61 These authors observed that
when the lesion was located at the level of AC-PC plane, the outcomes were more favorable;
however, the location of the lesion in the left hemisphere did not affect the outcomes. Other
observations have not been able to establish laterality for OCD DBS, and the laterality issue
remains inconclusive with most groups performing bilateral operations.

Most of the aforementioned procedures are quite similar in that they cover the NAcc and the
ventral capsular region (Figure 1). However, it is possible that outcomes could be improved
with more meticulous and accurate target selection.

STN—The STN is made up of limbic, associative and motor territories. 70 It receives input
from the orbitofrontal-striato-pallido-thalamo-cortical circuit. 7 There have been four DBS
studies that have targeted the STN for treatment of OCD. 4 49.50. 57 Thjs approach was
initially reported by Mallet et al. who treated two patients with Parkinson’s Disease (PD)
and OCD. 57 Mallet and colleagues targeted the limbic area of the STN, and interestingly
stimulation in this region resulted in an improvement in obsessive behavior, and also in the
symptoms of PD. The target was 2 mm anterior, and 1 mm medial to the STN target that
was previously reported in PD cases. /2 Subsequently, Fontaine and colleagues reported
another case of OCD also with PD who underwent STN DBS with substantial improvement
12 months following surgery. °0 Based on these initial favorable results, Mallet and
colleagues performed a crossover, randomized multicenter study, with favorable outcomes. 4

Inferior thalamic peduncle (ITP)—The ITP contains fibers connecting the mediodorsal
(MD) thalamic nucleus with the orbitofrontal, insular and temporal cortices as well as the
amygdaloid complex. Jimenez and colleagues reported that inferior thalamic peduncle (ITP)
could be a potential target in DBS for OCD. It is hypothesized that this approach will disrupt
the thalamo-orbitofrontal system. Jimenez’s reported outcomes of ITP stimulation for OCD
were considered positive, though the case series was small. % 55 Jimenez-Ponce and
colleagues reported favorable results from one case and also five responders in an open case
series, >4 55 however, a controlled trial for DBS in the ITP to address OCD has not been
performed. A better and more controlled study protocol will be needed to assess the true
efficacy of ITP DBS.

Programming Considerations

General Concepts—A logical first step in optimizing DBS programming is to define the
lead location and to establish the lead configuration (the size of the contacts and the distance
between them). Lead configuration can differ according to the specific target selected. While
DBS leads with larger distances between contacts and larger contact sizes (ex. Medtronic
model 3387 IES) were more likely to be used for earlier studies of VC/VS stimulation, 52 53
those with relatively smaller configuration (i.e. Medtronic model 3389) have been used for
STN and in more recent VC/VS cases. 4 %0 The bedside programmer should be aware of the
lead type and configuration when planning treatment. Postoperative imaging can be useful in
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this context. The electrode configurations utilized in each published study is summarized in
Table 1.

The basic concept utilized in DBS programming was first documented in Nuttin’s early
study, ° and in several other subsequent studies. 5253 According to Nuttin, the first step
was to identify the threshold levels (how much voltage was required to induce a side effect
or a benefit) for mood changes at each combination, at each of the active contacts. The
frequency and pulse width were then purposely kept steady while the programmer changed
the amplitude (voltage) at each of the contacts. The investigators then would choose the
contacts or contact with the lowest intensity for achieving a beneficial effect without a side
effect; or alternatively one with only a transient side effect.

This concept has been also used widely in movement disorders, 73 and could be theoretically
applied for all DBS targets. However, there is one potential flaw to using this strategy.
Favorable responses may not always be encountered in the acute phase of stimulation, and
some patients may experience transient mood changes (such as worsened anxiety). In a
recent study using an active and sham stimulation programming design, approximately two
thirds of the contacts did not have acute beneficial effects with VC/VS stimulation. 74 On
the other hand, Nuttin et al. reported that the OCD symptoms were likely to improve in the
first week of the stimulation, and to be aggravated a few days after the stimulation was
discontinued. 3° As shown in Table 1, majority of the OCD DBS studies followed patients at
least six months, therefore, it might be reasonable to follow-up the patient every month for
stimulation adjustment at least for the first six months, though more data will be needed.
There is an urgent need for some expert consensus on the best approach to acute and long-
term programming of OCD DBS devices.

High frequency DBS (typically >100 Hz) may inhibit neural elements. Interestingly, in
tremor, low frequency (< 60 Hz) stimulation usually drives essential tremor while high
frequency stimulation suppresses it. 7> 76 However, the effects of electrical stimulation are
much more complex than can be explained by simply stating they are excitatory or
inhibitory; they also involve astrocytes, a propagating calcium wave, neurotransmitter
release, and changes in blood flow. 77 The effects seem to heavily depend on the site of
stimulation, and also the neural elements affected. For example, high frequency stimulation
of the motor fibers in the internal capsule may induce a tonic contraction, rather than
paresis. /8 Although all of the OCD DBS studies applied high frequency stimulation, the
parameters across studies were highly variable (Table 1). In the following sections, we will
focus on the site of stimulation and programming for OCD DBS.

ALIC, NAcc, and VC/VS—The ALIC, and VC/VS are relatively large DBS targets, and
as a result larger DBS electrodes such as the Medtronic (Minneapolis, MN) model 3387 IES
(diameter = 1.27 mm, each contact length = 3mm, inter-electrode spacing = 4 mm) and
model 3887 (diameter = 1.3 mm, each contact length = 3mm, inter-electrode spacing = 4
mm) have been used in an attempt to cover the relatively wider target areas. 3 52: 53,59
Recently, relatively smaller electrodes with closer inter-contact distances have been
implanted to stimulate the NAcc and the ventral capsule specifically. 6 7- 66 Additionally,
the target for gamma capsulotomy has provided guidance for DBS placement and
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programming as it has been noted that the more ventral portion of the ALIC seemed to be
associated with greater benefit. 33 61 Based on the literature and on experience, many
experts concluded that the location of active contact seems an important factor in
outcome. 47: 52

In the VC/VS stimulation procedure when employed with the 3387 IES leads, the most
ventral contact (0) usually is placed in a configuration to stimulate the ventromedial region
of the NAcc, and the middle contacts (1 and 2) are placed to stimulate the ventral portion of
the ALIC, which is a similar target to the ventral capsulotomy region. With the modified
VC/VS trajectory which is located posterior to the original VC/VS trajectory, the most
ventral contact is located close to the border between the NAcc and nucleus basalis.

The active contacts for OCD DBS have a strong tendency to be selected symmetrically in
most studies, as is shown in the Table 1, and we would posit that this method would be best
if both contacts were located in exactly the same place, which is not common in all
indications for DBS. In bilateral DBS cases, bilateral independent programming is important
as there is no guarantee that the leads are placed in exactly the same location in each
hemosphere. The data in DBS support that the notion that clinicians should program each
electrode independently in order to optimize outcome. In bilateral Parkinson’s disease and in
bilateral tremor cases, the same parameters are not typically used on both brain

hemispheres. 73 Since the lead location may be slightly different between the left and right
sides, we would advocate independent programming of the devices to obtain maximal
benefit.

The frequency applied to most cases of OCD DBS has been high frequency (100-145 Hz),
with no reports of the use of low frequency. Several groups reported the efficacy of
unilateral VC/V'S stimulation with a fixed frequency and pulse width, © but the effects of
different parameters remain inconclusive until more data can be obtained and reported.

Voltage levels are a potentially important factor, particularly with reference to mood
changes. A recent study showed that higher voltage levels were associated with mood
aggravation, and the lower voltage levels could be associated with positive mood changes,
though this is a broad generalization. 7 Pulse widths greater than 210 psec have been
associated with more physiological responses such as nausea, cold sensation, fear and
panic. " Only one patient was identified in a chronic study of OCD in the literature with a
higher pulse width (450 psec) and high voltage (10.5 volts), 5% and no beneficial effect was
observed in that patient. There are cases reported where very high pulse widths and current
densities have been used to treat patients with OCD as shown in Table 1. There is some
concern that high voltage stimulation may result in the tissue damage though there is a lack
of data on this point, and clinical outcomes to date have been positive. More research and
perhaps post-mortem data may be helpful in clarifying this issue.

Intraoperative test stimulation of the ALIC region can induce mirthful laughter. 59 74. 79,80
Smile induced by electrical stimulation was observed contralateral to the side to the
stimulation, with rapid spread ipsilaterally. This phenomenon is not considered to be a
simple motor response as it is frequently accompanied by a euphoric sensation. It is reported
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that this phenomenon may be a predictive factor of favorable outcomes in OCD DBS. 7® In
bilateral DBS cases, this phenomenon may be useful for clinicians to program each
electrode independently. If a favorable response is not observed during the first clinical visit,
it is sometimes helpful to try the contact that resulted in an intraoperative smile response.
Caution should be exercised when programming this contact or any contact eliciting
euphoria, as hypomania may result.

In VC/VS stimulation, temporary stimulation-related adverse events including muscle
tightness associated with dysarthria, olfactory hallucinations, and gustatory sensations have
all been reported. 53 80 Qlfactory and gustatory responses have been reported to be
associated with the activation of the most ventral (deep) contacts, /4 and this observation
may be explained by the stimulation of the medial olfactory stria. In addition, temporary
mood changes such as hypomania, anxiety, and fear have been reported, and these adverse
events have been also associated with the activation of the ventral contacts, 74 81 and are
thought to be related to current spread to the hypothalamus, autonomic circuitry and
possibly the amygdalo-fugal pathways. "4 Huff and colleagues reported difficulties in
concentration in their patients who underwent unilateral VC/VS surgery, and stimulation of
the nucleus basalis may be one hypothesis for this side effect 6.

Some stimulation-related adverse events will be temporary and not require a change to the
stimulation parameters. 53 The differences in observed phenomena may be explained by the
differences in lead locations, fiber bundle locations, and anatomical variations even if the
same targeting method was utilized. The most worrisome side effect from programming this
target has been delayed hypomania or frank mania. Patients and caregivers should be
counseled about potential symptoms that may emerge and given information on what to do
if this side effect emerges.

STN—Completely optimized STN stimulation parameters seem to require relatively lower
charge densities when compared to other OCD targets. Recent studies have reported that
adjustment of the voltage is typically performed with a fixed frequency (130 Hz) and pulse
width (60 psec). 4 42 Examination of these studies revealed that selection of the active
contacts with immediate clinical benefits was best determined based on the anatomical
position as defined by a postoperative imaging study. 4 4°

Various stimulation-related AE’s have been reported in STN DBS for OCD and include
anxiety, obsessions, manic symptoms, depressive symptoms, and suicidal ideation. 4
Chabardes and colleagues reported that mood changes, especially hypomania, were
commonly observed in the acute phase of stimulation, and that mood changes seemed to
wane over time. 4% Motor contractions were reported in a recent study following chronic
STN stimulation and were explained by the authors as most likely related to the location to
the internal capsule. 4° In Parkinson’s disease, the STN is a small target with dense
connectivity, and this has been hypothesized to contribute to cognitive impairment,
especially when compared with the GPi target, which is a larger target that may be more
forgiving with current spread, 82-84 however this point has not been studied in OCD DBS. In
addition, mirthful laughter due to STN DBS has been reported in PD cases. 8° This
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phenomenon occurs less frequently than the VC/VS target. The smile response has not been
documented or studied in detail for STN DBS.

ITP—AIthough the ITP is a relatively small target, high voltage has typically been required
to address OCD symptoms. The ITP lies adjacent to the fornix and the hypothalamus, and
stimulation of this region may induce AE’s. Jimenez-Ponce et. al. applied bipolar
stimulation as a strategy to concentrate the electric current within a small area, and to avoid
current spread and side effects. °° Regarding ITP DBS, Jimenez-Ponce and colleagues
reported transient confusion when the dorsal (upper) contacts were activated, and reported
that anxiety was accompanied by autonomic symptoms when the ventral (lower) contacts
were stimulated. °# 95 There are currently few publications available to guide ITP DBS.

Conclusion

DBS remains an experimental treatment for medication refractory OCD due to the mixed
outcomes and the lack of standardized patient selection methods. Though there are several
trials available, they are all small research trials, and more information will be needed to
move this therapy beyond a FDA Humanitarian Device Exemption (HDE). Target selection
and programming paradigms are not yet standardized, though, an improved understanding of
the relationship between the DBS lead and the surrounding neuroanatomical structures will
aid in the selection of targets and the approach to programming. Recent studies have
illuminated DBS programming pearls and pitfalls, and many of these issues have been
strongly tied to the anatomical location of the DBS lead. Ongoing studies investigating the
neurocircuitry of OCD, along with an improved and evolved understanding of the
mechanisms of action of DBS, will be important to direct future work in this area. However,
since OCD DBS is still not considered a standard of care, the ethics concerning this
experimental procedure should be addressed by employing strict informed consent and a
risks versus benefits analysis. Additionally, patients should be carefully vetted by trained
and experienced DBS multidisciplinary teams.

The formation of a registry to track OCD DBS cases will be critical, because of the small
number of cases reported worldwide, and the need to monitor safety and improve outcomes.
Key variables to be recorded would likely include 1) clinical characteristics such as OCD
subtypes and response to all past treatments, 2) intraoperative findings (e.g. microelectrode
recording data, smile response etc.), 3) the coordinates and the detailed anatomical area
where the active DBS contact(s) is/are located; along with detailed post-operative imaging,
4) detailed postoperative DBS setting data, 5) clinical outcomes utilizing validated
measures, and 6) tracking of adverse events. This registry approach may potentially help to
direct investigators and programmers in refining DBS as a potential treatment for
medication refractory OCD.
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Figure 1. Anterior view of coronal sections of deep nuclear areas of the left hemisphere showing
five different approachesfor OCD DBS

Left. Electrode placement in ALIC (A) for deep brain stimulation. Middle. Electrode
placement targeting NAcc through ALIC utilizing three, different trajectories (B, C, and D).
Right. Modified VC/VS trajectory (E)

A: The ALIC trajectory (Anderson and Ahmed (2003) and Abelson et al. (2005)). B: Medial
trajectory through the caudate nucleus to the nucleus accumbens (NAcc) utilizing Medtronic
model 3387 electrode (each contact length = 1.5 mm, inter-electrode spacing = 1.5 mm) by
Aouizerate et al. (2004, 2007). C: VC/VS stimulation trajectory through the ALIC to the
NAcc using a shorter length of stimulating electrode (Medtronic model 3389: each contact
length = 1.5 mm, inter-electrode spacing = 0.5 mm) by Denys et al. (2010). D: VC/VS
trajectory through ALIC to the NAcc using a longer length of stimulating electrode
(Medtronic model 3387 IES/3887: each contact length = 3 mm, inter-electrode spacing = 4
mm) by Greenberg et al. (2006). E. VC/VS trajectory through ALIC to the NAcc using a
longer length of stimulating electrode (Medtronic model 3387 IES/3887: each contact length
= 3 mm, inter-electrode spacing = 4 mm) by Greenberg et al. (2010).

ACA = anterior cerebral artery, ALIC = anterior limb of the internal capsule, AN = anterior
nucleus of the thalamus, AntCom = anterior commissure, BN = bed nucleus, CC = corpus
callosum, CL = claustrum, CN = caudate nucleus, DiaBd = diagonal band of Broca, EC =
external capsule, EX = extreme capsule, GP = globus pallidus, LOS = lateral olfactory stria,
MCA = middle cerebral artery, MFB = medial forebrain bundle, MD = mediodorsal nucleus
of the thalamus, MOS = medial olfactory stria, NA = amygdala, NAcc = nucleus
accumbens, OpCh =Optic Chiasm, Pu = putamen, Sep = septum pellucidum, SN = septal
nucleus, STN = subthalamic nucleus
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