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An update on deep brain stimulation

for treatment of psychiatric conditions

Abstract

In 2006, the scientific world celebrated 70th
anniversary of publication of the first scientific
paper by Dr. Moniz on results of small series of
leucotomy patients — an event that marked birth
of the modern psychiatric neurosurgery. Over the
last few decades, this field of functional
KoNSTANTIN Stavin, MD neurosurgery witnessed widespread popularity,
almost complete disappearance, and, recently,
resurgence of interest supported by the progress
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In this paper, we review current literature and
clinical experience in attempt to provide an
overview and update on the use of deep brain
stimulation in the treatment of the obsessive
compulsive disorder and other medically
intractable psychiatric conditions. Detailed search
of current scientific literature was performed on
topics of psychiatric surgery and deep brain
stimulation (DBS). The information obtained was
then critically reviewed.

Review indicates that there is a growing body of
literature documenting successful treatment of
certain psychiatric conditions with DBS. Modern
physiological and metabolic imaging appears to
be useful in choosing appropriate surgical
targets. Based on this review, it appears that DBS
is gaining popularity in the treatment of medically
intractable psychiatric disorders and one may
expect significant growth in further research and
clinical applications of DBS for psychiatric
indications.
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Historical background

Little more than 70 years ago, based on observation
of improved aggressiveness after undercutting of
frontal fiber tracts in monkeys by Dr. John Fulton @,
Portuguese neurologist Egas Moniz together with
neurosurgeon Almeida Lima started similar operation
in humans (the first surgery reportedly took place on
November 12, 1935). The results of the first several
procedures were first reported in 1936 in Paris @,
Even though surgical operations for psychiatric
conditions have been performed prior to this by many
others (Gottlieb Burckhardt in Germany, William
Macewen in Britain, Ludwig Puusepp in Estonia, and
others) 39, Moniz' work became widely known and
therefore 1935 and 1936 are considered birth-years
of modern neurosurgery. With refinement of surgical
techniques and procedural indications, the psychiatric
neurosurgery gradually shifted from large-scale
lobotomy and leucotomy to more focused and pre-
cise stereotactic interventions, and by the end of 20th
century, four distinct procedures have remained as
an option for most severe and medically intractable
psychiatric conditions. These four procedures were
M cingulotomy, targeting the cingulum and cingulate
gyrus; @ anterior capsulotomy, focusing on the ante-
rior limb of the internal capsule; ¥ subcaudate
tractotomy, aiming at the white matter tracts beneath
the head of caudate nucleus; and® limbic leucotomy
that combined the targets from cingulotomy and
subcaudate tractotomy. Many papers have been
published to summarize the progress and current
state of these destructive procedures with excellent
overview of the procedural details and outcomes 719,

The means of cortical and white matter destruction
changed over the years - the initial approach of
alcohol injection was substituted with mechanical
fiber cutting or direct excision / transection, and
eventually replaced with radiofrequency thermal
ablation, mainly due to predictability of
radiofrequency lesions and lower risk of associated
hemorrhagic complications. In addition to this, two
distinct directions have developed in the last 60
years in the field of psychiatric neurosurgery: one
was aimed to limit the damage of frontal structures
by avoiding surgical penetration of the skull by
means of stereotactic radiosurgery (starting with
Lars Leksell in 1953) ", and the other used deep
brain stimulation (DBS) instead of destruction
(started as early as 1948 by J. Lawrence Pool) 2. In
this paper, we concentrated on DBS use only and
performed analysis of the literature trying to provide
overview of recent developments in the application
of DBS for psychiatric conditions.

Materials and Methods

We performed search of Medline and multiple
abstract databases (including online and printed
proceedings of major national and international
meetings) for the last 10 years as well as reference
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lists of the published articles on topics of psychiatric
neurosurgery, psychosurgery, major depression,
obsessive compulsive disorder (OCD), Tourette
syndrome, deep brain stimulation (DBS), and their
combinations. All reports that covered the use of
brain stimulation for OCD and other psychiatric
indications were analyzed and summarized in order
to define the current state of affairs and possible
implications for future developments. Instead of
repeating previously published thorough reviews,
we concentrated on the newest data and relevant
research and clinical studies.

Paucity of published information did not allow us
to perform any kind of meta-analysis. The findings
presented below reflect the information published
and presented on the topic recently and the
conclusions drawn are based on this limited
experience. The purpose of this paper is not to review
the indications or patient selection but rather
concentrate on reported details of DBS use in
treatment of psychiatric disorders.

Current indications for psychiatric
neurosurgery

Although initially psychiatric interventions were
used for treatment of psychotic states, mood and
personality disturbances, aggressiveness and
schizophrenia, the indications over the years
narrowed down to primarily three specific
conditions.

The two most commonly treated disorders are
medically intractable (treatment-resistant)
depression and OCD 7813 Another condition that
is treated with neurosurgical intervention - Giles de
la Tourette syndrome — combines psychiatric and
neurological symptoms (4,

Due to major concerns associated with indiscriminate
use of psychosurgical interventions in the 1950-s
and 1960-s, a major emphasis is now placed on
appropriate patient selection that includes, along
with the medical intractability, ability to sign
informed consent, voluntary nature of the treatment,
disability associated with the disease, chronicity of
the symptoms, and appropriate review of
indications by independent medical practitioners
and ethicists >'®. Multiple research projects that
include all necessary safeguards have been initiated
in many countries to determine the safety and
efficacy of various interventions.

Recent deep brain stimulation
experience in treatment of OCD

Within last several years, there were at least 20
clinical publications regarding application of DBS
for the treatment of psychiatric conditions. Most of
them used same targets that were clinically tested
with destructive procedures in the past.
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Based on extensive experience with anterior
capsulotomy, capsular DBS series from Belgium (8
patients)!'7-19), University of Michigan (4 patients)@?,
Loyola University in Maywood, lllinois, (1 patient)
@Y and a multi-center study led by Cleveland clinic
(10 patients) ?24 investigated patients with OCD.
Shell of the nucleus accumbens was a target of DBS
in a series of 4 patients from Cologne ?* and in a
patient from Florida ?®, the inferior thalamic
peduncle was targeted in a series of 4 DBS patients
from Mexico @728, and the ventral caudate nucleus
was stimulated in a patient from Bordeaux ??. Two
separate reports described significant improvement
of OCD symptoms in Parkinson patients treated with
subthalamic nucleus DBS %3 All together, we
found reports of 33 patients that underwent DBS
surgeries specifically for OCD (Table 1).

DBS for other psychiatric conditions

In regard to the treatment of intractable major
depression, another multi-center study evaluated
DBS of the anterior limb of the internal capsule (6
patients) ¢? while another study with similar
methodology is currently underway. Inferior
thalamic peduncle was used as a target of
stimulation in a case from Mexico City reported few
years ago ?7333%, and the stimulation of the ventral
caudate nucleus improved depressive symptoms as
well @9 With a different rationale, based on results
of functional imaging, subcallosal cingulate gyrus
(Brodman area 25) was chosen as a target for DBS
in a series of 6 patients in University of Toronto
with excellent results ©®. Interestingly enough, the
same subgenual cingulate area showed decrease
in metabolism in response to anterior capsular DBS
in OCD patients 7. A theoretical rationale was
subsequently proposed for another cingulate
region (Brodman area 24a) as a target for DBS in
treatment of depression @9,

As for the surgery for Tourette syndrome, a study
from Netherlands included 3 patients with DBS of
medial thalamic nuclei @*4Y; similar target was used
in a patient from Case University in Cleveland “#?
and another one in Chicago “?. Anterior internal
capsule was target of DBS in Tourette’s patient
operated on in Massachusetts General Hospital “4;
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internal segment of the globus pallidus (GPi) was
stimulated by a group from Luxembourg “; and in
Paris, the patient with Tourette experienced
improvement from both bilateral thalamic and bi-
lateral GPi stimulation “#®. Another study is on the
way evaluating effects of bilateral external pallidal
(GPe) DBS in Tourette patients in Brazil “7.

Also, the use of DBS has been described in a patient
with «refractory drug addiction;» the target for
stimulation was the nucleus accumbens, similar to the
lesioning target presented in the same clinical series “9.

Deep brain stimulation benefits and
limitations

Even though there are multiple limitations related
to the DBS approach, this is so far the only non-
destructive surgical alternative to both open and
radiofrequency lesioning, as well as to SRS that has
been used in few centers worldwide. Among its
other major benefits are adjustability, reversibility
(at least theoretical) of action, and testability of the
effect prior to permanent implantation.

The pitfalls of the DBS are related to its price,
invasive nature of the electrode insertion, need in
general anesthesia for permanent implantation,
risks of infection and hemorrhage, and relatively
high incidence of re-operations (related to device
malfunction, leads placed in suboptimal location,
wire and connector breakage) “>*%. In addition to
that, so far, most clinical series reported relatively
high voltage requirements in DBS (192949 which in
turn translates into fast exhaustion of generator
batteries that requires frequent device replacement
that is done through yet another surgical
intervention with its risks and additional expenses.
A separate set of problems arises with unexpected
battery exhaustion as the patients may experience
acute return of their psychiatric symptoms.

On a positive side, however, is the current possibility
of appropriate research associated with DBS in
psychiatric conditions. It is possible that this
research will yield information that will predict
success of certain intervention or would allow
individualizing treatment based on the patient’s
metabolic and physiological profile.
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