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Neurosurgery for mental disorders:
a review
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Abstract

Neurosurgical interventions date back to ancient civilization, 5100 BC through a practice known as trephination. Due to past abuse
and ethical considerations, neurosurgical interventions in psychiatry remain a controversial issue. This article aims to review the
different surgical techniques and their current application in the treatment of psychiatric disorders. The U.S Food and Drug
Administration (FDA) gave its approval for vagal nerve stimulation (VNS) for the management of treatment-resistant depression
in 2005 and deep brain stimulation (DBS) for refractory obsessive-compulsive disorders (OCD) in 2009. These invasive but non

destructive techniques represent the future of neurosurgery for mental disorder.
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Introduction

The term “psychosurgery” was coined by Egas Moniz in
1937.! However, the first reported surgical intervention for
psychiatric diseases was by Burkhardt in 1891. The latter
described the use of bilateral cortical excision for the
treatment of demented and aggressive patients.? Moniz
performed prefrontal leucotomies on patients with chronic
mental illness through the injection of absolute alcohol
following Fulton and Jacobson's report of frontal lobotomy in
primates.!® In spite of the lack of documented data regarding
success of this method and partly due to lack of effective
treatment options at that time, Moniz was awarded the Nobel
Prize in Medicine and Physiology in 1949. Prefrontal lobotomy
was introduced in the United States in 1942 by Freeman and
Watts, following which there was an upsurge in surgical
interventions during the years 1943 to 1954.# More precise
techniques were developed by the late 1940's and included
procedures such as orbital undergryrus cutting, bilateral
inferior leucotomy, bimedial leucotomy and transorbital
leucotomy. Major breakthroughs and development however,
came in the early 1960's. In 1962, Foltz and White described
stereotactic anterior cingulotomy and later in 1964, Knight
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described subcaudate tractotomy.®® Anterior cingulotomy was
proposed by Lars Leksell in 1972.7 One year later Kelley
reported findings from combined techniques form subcaudate
tractotomy and cingulotomy and this procedure was termed
limbic leucotomy.® Other investigators reported case reports
of other techniques such as thalamothomy and amygdalotomy
but with the introduction of chlorpromazine and newer
psychotropic medications psychosurgery lost its popularity as
a treatment modality. Nowadays, due to ethical, moral and
legal implications, psychosurgery can only be found in
selected centres across the globe.

From Psychosurgery to Neurosurgery for Mental
Disorder (NMD)
The World Health Organization in 1976 defined
psychosurgery, also known as functional neurosurgery or
limbic system surgery, as: “The selective surgical removal or
destruction of nerve pathways for the purposes of influencing
behaviour”. °

In modern times, this statement no longer encompasses
the novel techniques that have emerged. A more updated
definition was put forward by Berrios based on 4 criteria: (1)
the direct interference with brain tissue; (2) utilizing an
irreversible procedure; (3) targeting normal brain tissue; (4)
with the goal of alleviating mental illness.!° Due to stigma
attached to the term “psychosurgery”’, many practitioners
prefer the use of the term “Neurosurgery for Mental Disorder
or NMD”. Furthermore as Freeman states, the term
neurosurgery for mental disorders emphasizes the use of
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surgical techniques in the management of specific disorders
such as treatment-resistant depression and obsessive-
compulsive disorders and not as a treatment for aggressive
or anti-social behaviour disturbances.!! The Royal College
of Psychiatrists defines neurosurgery for mental disorder as:
“A surgical procedure for the destruction of brain tissue for
the purposes of alleviating specific mental disorders carried
out by a stereotactic or other method capable of making an
accurate placement of the lesion”.!?

Who benefits from neurosurgery for mental disorder?
Unlike the freehanded practice during the 1940's to early
1950’s, neurosurgical interventions for alleviating mental
disorder is allowed only in specific circumstances and
performed only in few specialized centres across the globe.

Patients meeting the criteria for neurosurgical
interventions are severely afflicted with chronic treatment
resistant mental illnesses. However, in some cases, chronicity
(prolonged period of disease without any period of
symptomatic relief) becomes secondary to severity. All
these patients must have shown treatment failure or been
refractory to pharmacological and psychotherapeutic
treatments. Whenever indicated other treatment modalities
such as behavioural and electro-convulsive therapies must
also have been tried and proved unsuccessful. Severity and
disability are assessed by validated clinical research
instruments. The patient should preferably be an adult
(abovel8 years of age) and both patient and family consent
are required prior to surgery. Family commitment to post-
operative treatment program is essential for a better
outcome.

Nowadays neurosurgery is reserved only for specific
conditions namely severe obsessive-compulsive disorder
and other obsessive-compulsive related disorders (e.g., Yale
Brown Obsessive Compulsive Scale score of > 20), severe
anxiety disorders and severe treatment-resistant depression
(e.g., Beck Depression Inventory score of > 30). When the
cause of affective or obsessional symptoms is as a result of
pervasive developmental disorders, substance abuse,
organic brain lesions or degenerative brain disorders,
neurosurgical interventions are contraindicated. Disorders
such as schizophrenia, personality disorders and anorexia
nervosa have not proved to benefit from neurosurgery for
mental disorder and hence they are not recommended for
neurosurgical interventions.

Techniques in neurosurgery for mental disorder
With a focus on commonly practiced procedures in different
countries, the surgical procedures are summarized below.

Anterior capsulotomy

Anterior capsulotomy also known as ACAPS is a procedure
generating lesion within fibres connecting the ventromedial
and orbitofrontal cortex and anterior cingulate gyrus with
the thalamus, amygdala and hippocampus.!'® The lesion may
be produced by thermal coagulation or focal gamma
radiation and anatomically is located in the anterior one
third of the internal capsule 5mm behind the tip of the frontal
horns and 20 mm lateral to the midline.!* It can be done
under general anaesthesia or local anaesthesia with
sedation.
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Anterior cingulotomy

Anterior cingulotomy or ACING is a procedure that can be
performed under general anaesthesia or local anaesthesia
with sedation. By means of MRI guided stereotactic
thermocoagulation, a lesion of 8-10 mm in lateral diameter
is produced in the anterior cingulate gyrus and cingulate
bundle. This lesion is placed 20-25 mm posterior to anterior
tip of the lateral ventricles and 7mm from midline and
extends 2 mm dorsally from the corpus callosum.!®

Stereotactic subcaudate tractotomy

Stereotactic subcaudate tractotomy consists of division of
fibres connecting the orbital cortex to subcortical and
limbic areas. This procedure is done under general
anaesthesia and though stereotactic guidance. Lesion is
placed 5 mm anterior to the sella, 15 mm from the midline,
and 10-11 mm above the planum in the subcaudate white
matter by radioactive yttrium-90 rods or by
thermocoagulation.'®

Limbic leucotomy

Limbic leucotomy is not commonly used in the UK as
compared to the US. Lesion targets fibres from the anterior
cingulate cortex, the cingulum bundle and
frontostriatolimbic circuits. The techniques employed are a
combination of anterior cingulotomy and stereotactic
subcaudate tractotomy.!®

Vagus nerve stimulation

Vagus nerve stimulation (VNS) consists of subclavicular
implantation of a pulse generator device similar to a cardiac
pacemaker. This procedure can only be carried out on the
left vagus nerve as the right vagus nerve is crucial for
cardiac function. The device consists of a bipolar electrode
which is wrapped around the left vagus nerve in its course
through the neck. The fibres from the vagus nerve connect
with cells in the nucleus tractus solitarius (NTS) which has
projections to the forebrain, hypothalamus, amygdala,
median raphe nucleus and locus coerulus. The stimulator is
typically activated for 30 seconds every 5 minutes but can
be altered by means of a telemetric wand connected to a
palmtop computer.!?

Deep brain stimulation

Deep brain stimulation (DBS) is usually carried out under
local anaesthesia. Under CT or MRI image guidance,
electrodes are implanted bilaterally in the anterior limbs of
the internal capsule or in the white matter projections from
the anterior cingulated.'® This is followed by subcutaneous
abdominal or subclavicular implantation of programmable
generators which connect to the electrodes by
subcutaneous wires.!”!° Low frequency stimulation and high
frequency stimulation offer the possibility to activate or
inhibit neuronal networks.?°

Adverse effects

Surgical techniques generating lesions to brain tissue are
associated with two main types of adverse effects namely
general surgical and procedure specific. The former
comprises of general risks such as high risk anaesthesia
vascular injury (<1%), transient confusional states (< 21
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days), infections (median duration until presentation: 1.5
months), post-surgical epilepsy (< 10% over 10 years) and
surgical mortality rate (<1%).172!

Significant weight gain has been reported in females
following anterior capsulotomy (21%), stereotactic
tractotomy (6.2%) and bimedial leucotomy (12.5%) but not
with cingulotomy.!*!” Little evidence can be traced about
personality changes following leucotomy.!” Surprisingly,
following stereotactic neurosurgery, general intelligence is
preserved or improved in attentional subcomponent
Common adverse effects following VNS include voice
alteration (53-54%), headache (23%), neck pain (13-17%),
dyspnoea (16-17%) and cough (5-13%).1722 These adverse
effects are transient except for voice alteration which might
persist in 21% of patients. Besides skin erosions and
infections, the development of punding can be quite
distressing post DBS. Punding is characterised by repetitive
purposeless activi—ties that are typically very disruptive to
all but the patient.?® Other behavioural changes such as
depression, anxiety, hypomania, hypersexuality, apathy,
personality changes, and aggression might occur following
DBS.2425 Suicide has also been reported following DBS and
since it is independent of symptom improvement, careful
follow-up is mandatory.?® It should be pointed out that
hardware failures or migrations of wire are possible
complications resulting from VNS and/or DBS.

Clinical applications

Obsessive-compulsive disorders (OCD)

Obsessive-compulsive disorder (OCD) is characterized

recurrent intrusive ideas or images in a stereotyped form

(obsessional thoughts) and/or ritualistic stereotyped

behaviours (compulsive acts). It affects 2% of the general

population and 25-40% of patients are refractory to
treatment.?’.2¢ The exact circuitry involved in OCD is
unknown. It is hypothesized that the neural circuitry
involved in OCD is related to the following 3 components:

(1) cortico-thalamic pathway: positive feedback loop from
the orbital and prefrontal cortex through the anterior
limb of the internal capsule;

(2) cortex-striatum-thalamus-cortex loop (CSTC): inhibitory
pathway connecting the orbitofrontal cortex, caudate
nucleus, globus pallidus and thalamus;

(3) portions of the limbic system including the
hippocampus, mamillary bodies and fornix linking to
the thalamus and to the anterior cingulate cortex.?

It is speculated that excessive stimulation of the orbito-
fronto-thalamic circuit or decreased inhibition of the CSTC
loop might lead to OCD symptoms. Thus, the targets for
surgical interventions in OCD include the anterior limb of
internal capsule, the anterior cingulate gyrus and nucleus
accumbens.®®

Ablative surgical procedures such as anterior
capsulotomy and anterior cingulotomy have proved to be
beneficial in 45-65% of patients with intractable OCD.?!
Studies on long term follow-up of patients with OCD have
also shown evidence of not only clinical improvement but
also of cognitive improvement,32-3

Interestingly with the emergence of reversible and non-
destructive methods such as DBS, the treatment of severe
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disabling or intractable obsessive-compulsive disorders
has been elevated to new heights. The US Food and Drug
Administration (FDA) gave its approval for use of DBS in
treatment-resistant OCD as from February, 2009. The most
common surgical target for DBS is the anterior capsule and
it has been proposed that termination of activity at this site
would abolish the pathological circuit which consists of loop
fibres connecting the cortex to the thalamus.?® A fortuitous
observation revealed improvement of comorbid obsessive-
compulsive symptoms after deep brain stimulation of the
subthalamic nucleus.®%%7 This led to the conduction of
another randomized trial in patients with obsessive-
compulsive disorders and it was found that deep brain
stimulation of the subthalamic nucleus significantly
decreased the severity of obsessive-compulsive disorder.®®

Affective disorder

Major depressive disorder (MDD) is a multidimensional
syndrome manifesting as depressed mood and loss of
interest or pleasure coupled with increased fatigability,
excessive guilt or feelings of worthlessness and significant
changes in weight, sleep patterns, psychomotor function.
MDD affects about 10% of the world population and
remission rates on currently available treatments rarely
exceed 30%.%°40 The exact mechanism of depression is
unknown. Based on hypothesized neural circuitry of
depression, 3 components are thought to be crucial. They
are: the cortical component, the subcortical component and
the modulatory component.?® The cortical component
includes the prefrontal cortex, dorsal part of the anterior
cingulate gyrus and areas of the premotor cortex. It also
has access to the striatum and subsequently forms a
feedback loop with the striatum. As for the subcortical
component, it also links with the striatum and then forms a
feedback loop with the thalamus. It is comprised of the
subgenual anterior cingulate, the orbitofrontal cortex, the
limbic structures including nucleus accumbens and
amygdala.The modulatory component comprising of the
amygdala, pregenuate anterior cingulate gyrus and
hypothalamic-pituitary-adrenal (HPA) axis links the cortical
component to the subcortical component via inhibitory
circuits.*! Surgical procedures aim at creating lesions in the
anterior cingulate cortex (cingulotomy), projections from
the orbitofrontal cortex and/or cingulate cortex to the basal
ganglia and medial thalamus (capsulotomy and subcaudate
tractotomy) or a combination of both (limbic leucotomy). A
recent 7 year follow-up study on efficacy of limbic
leucotomy in major affective disorders showed significant
reduction in depressive symptoms, anxiety-like symptoms
as well as negative symptoms.*?

Over the past decade, newer techniques which are less
crude and destructive have emerged. In July 2005, FDA
gave its approval for VNS for treatment-resistant depression.
The response rates to VNS were as follows: 78% in patients
with 2-3 failed antidepressants therapy, 63% in patients with
4-5 failed antidepressants therapy and 25% in those with 6-
7 failed antidepressants therapy.*® Thus, VNS seems to be
more effective in patients with low-moderate antidepressant
drug resistance and who showed some positive response to
electro-convulsive therapy (ECT).** The use of DBS in
depressive disorders is still on an experimental basis.
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Several sites have been targeted such as orbito-frontal
cortex, anterior cingulate gyrus, corpus striatum, globus
pallidus, ventral capsule/ventral striatum,
ventralcapsule/ventral commisure, nucleus accumbens, and
inferior thalamic peduncle.*® Recently, a new model of
depression was proposed and it was postulated that deep
brain stimulation of the white matter in the subgenual
cingulate cortex adjacent to Broadmann area 25 would be
beneficial to treatment refractory depression.¢18 After
clinical trial, 60% of patients showed improvement and 35%
met remission criteria.!®

Bipolar disorder is a complex disorder characterized by
the presence of mania and depression (Bipolar I disorder)
and hypomania and depression (Bipolar II disorder). The
lifetime prevalence of these conditions is estimated at
around 2-4%.474¢ The first technique that was used in
bipolar disorders was leucotomy, with the aim of creating
lesions in the white matter of the frontal lobes. Ablative
surgical procedures in bipolar disorder have generated
mixed results. It should be noted that most studies had
been conducted during the 1950’s and 1960’s. In a more
recent study with a 7 year follow-up, it was found that limbic
leucotomy did not significantly improve mania symptoms in
bipolar disorder as compared to depressive symptoms and
anxiety-like symptoms symptoms.*?

A post-hoc analysis from a large mixed-population trial
on VNS in bipolar disorders suggest possible efficacy as a
treatment modality in refractory cases.*® However, more
randomized trials with large sample size are required to
establish the efficacy of VNS in bipolar disorders. Literature
search revealed no reported trials on application of DBS in
the treatment of bipolar disorders.

Conclusion

Novel neurosurgical interventions characterized by non-
destructive and chronic stimulation of brain tissue are
promising techniques for management of treatment-
resistant depression and OCD disorders. At present VNS is
an approved technique for the management of refractory
depression. Application of DBS in treatment-resistant OCD
has been approved while its usage in depression is still
under trial. Nonetheless, it is essential to have a
multidisciplinary approach with careful regulation and
ethical administration when considering neurosurgical
interventions in mental disorder as the latter are also linked
to cognitive and clinical neurosciences.
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