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Background: A significant percentage of psychiatric patients fail all treatment modalities including drugs, psychotherapy and
electroconvulsive therapy. Modern psychosurgery is a viable option in these patients. Also the history of psychosurgery is
very interesting and still influencing public perception nowadays.
Objective: The surgery aim to improve disabling symptoms of patients with minimal complications.
Material and Method: Medical literatures were reviewed by the authors regarding history, surgical procedures and results.
Results: Once almost extinct, psychosurgery now becomes more important therapeutic role for treatment of psychiatric
diseases. Improved neurosurgical techniques led to significant drop in morbidity and mortality. Although not perfect, better
understanding of pathophysiology also led to more precise target for therapy with hopefully more efficacy. Recently, there is
trend toward reversible neuromodulation instead of ablative procedures. For psychiatric diseases, such as obsessive
compulsive disease and major depressive disorder, substantial numbers of patients fail combination of standard treatments:
drugs, psychotherapy and electroconvulsive therapy which have grave prognosis. The need for effective therapy and advanced
in knowledge in this field will lead to expanded use of psychosurgery in the near future.
Conclusion: History of psychosurgery is reviewed. Principle of pathophysiology, patient selection processes and perioperative
management are described. Surgical procedures both ablative surgery and neuromodulation are demonstrated as well.
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Mental disorders are major health problem
worldwide. The World Health Organization (WHO)
estimates that 5 of the top 10 causes of disability
worldwide are disorder in the mental and behavioral
disorder category and causing 7.4% of global disability-
adjusted life years (DALYs) loss(1). About nearly one-
third of depressive patients and 10% of obsessive-
compulsive patients will become resistant to all
modalities of standard treatments(2,3). These patients
have poor prognosis and leading to seek for novel
treatment. Psychosurgery as a treatment for mental
disorders has a long, interesting history since ancient
time. Once nearly exterminated because of indiscriminate
usage, it is increasingly used worldwide due to
advancement of surgical techniques and understanding
of the diseases.

History
Ancient period

Attempts to treat psychiatric disease were
found since very long time. Trepanation (drilling a hole
through the skull) was found in buried skulls from
Europe, North Africa and South America, dated back to
about 5,000 years ago(4,5). In Greece period, Hippocrates
and Galen mentioned of trepanation. Also, there were
evidences of trepanation in Renaissance period(4,5).

Early period
In the 19th century, knowledge of functional

brain area was developed from clinical cases. Studies
from survivors of brain injuries and brain lesions
helped scientists to understand functions of specific
brain areas. Localization also expanded from
neurophysiolocal studies from animal experiments(4,5).
Based on these ideas, Burckhardt, a Swiss psychiatrist,
performed topectomies on six patients with intractable
psychiatric illness by himself. Most patients had
aggression and response was about half. After bad
criticisms, he stopped his experiment(6). Puusepp,
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Estonian neurosurgeon, tried to disconnect the frontal
and parietal lobe in 3 patients with affective disorders,
but the procedure was not successful(7).

In 1930s, John Fulton, American
neuroscientist, studied the effects of frontal lobe
resection in primates by observation of animals’
behavior after removing parts of the brain. In 1935, at
the Second International Neurologic Congress in
London, Fulton and Jacobsen reported the result of
bilateral frontal lobes resection in two chimpanzees
which showed less emotions and also less anxiety when
failed the experimental tasks(8).

At that time, there were few treatments
available for psychiatric illness. Hospitals and asylums
were overwhelmed with psychiatric patients(4,5). New
promising treatment could be rapidly accepted. In 1935,
Egas Moniz, a Portuguese neurologist, inspired by
Fulton’s work, performed the first frontal lobotomies
along with his neurosurgeon colleague, Almeida Lima.
Initially, they used alcohol injection and laterinvented
the leukotome instrument for more precise operation
and reported series of 20 leukotomies. The term
“psychosurgery” was used first by Moniz(4,5,9).

Inspired by Fulton and Moniz, Walter
Freeman, American neurologist, performed the first
frontal lobotomy in USA at 1936. Freeman and his
neurosurgeon colleague, James Watts, worked
together and reported their first 200 lobotomy cases
which had substantial improvement but also significant
negative outcomes,including deaths(4,5,10). To obliterate
the need for surgeon and anesthetist, Freeman later
developed transorbital technique for lobotomy by
using sharp instrument “ice-pick” orbitoclast(11).
Freeman then traveled across USA and popularized
this technique. About 60,000 lobotomies were performed
in USA and Europe in rather non-specific indications.
This crude technique combined with bad patient
selection led to stigmata of psychosurgery in general
perceptions until nowadays(4,5,12,13).

After the introduction of the first
antipsychiatric drug, chlorpromazine, which rendered
excellent results, along with increasing public concerns
of risks and side effects from frontal lobotomy, led to
nearly extinction of psychosurgery. Only few centers
still performed the procedures until now(4,5).

Modern psychosurgery
Because Freeman’s technique was very crude

and non-selective, other neurosurgeons at that time
tried to develop more selective procedures.Scoville was
the first person who reported selective cortical

undercutting procedure, reflected attempt to localize
the lesioning area(4,5).

After the stereotactic surgical system was
developed in the late 19th century, it was improved to
the level that virtually any area of the brain can be
access in minimally invasive way(14). In 1949, Spiegel
and Wycis performed the first stereotactic dorsomedial
thalamotomy for treatment of mental disorders. In the
same year, Leksell, a Swedish neurosurgeon, developed
a more practical stereotactic system. He and Talairach,
a French neurosurgeon, developed anterior
capsulotomy procedure for treatment of refractory
psychiatric illness which still use nowadays. Other
stereotactic systems such as Cosman-Roberts-Wells
(CRW) system were also developed. These led to
minimal-invasive way of psychosurgery with markedly
reduced morbidity and mortality and truly
revolutionized psychosurgery into modern era(4,5,13,15).

Besides stereotactic ablative surgery,
radiosurgery was used for clinical treatment since 1958
by Leksell. Main procedures were anterior capsulotomy
for psychiatric illnesses and other functional
neurosurgery. Radiosurgery was considered truly
noninvasive ablative procedure and still being used
for treatment of psychiatric diseases(4,5,16).

Rise of neuromodulation
Neuromodulation for treatment of psychiatric

illness was first performed by Robert Health, a
psychiatrist, in 1950s. He used cerebellar vermis as a
target for stimulation but it had little success(4,5).

After 1970s, concepts of deep brain
stimulation (DBS) were used for treatment of movement
disorders with good response. This led to approve of
DBS for treatment of essential tremor by FDA in 1987
and then other movement disorders(17). Concepts of
DBS was soon introduced for treatment of psychiatric
diseases. Results from trials found DBS to be effective
for treatment of obsessive compulsive disorder (OCD),
affective disorders and other indications, such as drug
addiction, anorexia nervosa. DBS for psychosurgery is
now one of the most rapid evolving field in
neurosurgery(4,5,15,18).

On the other hand, concepts of peripheral
stimulation were also developed. Vagus nerve was
founded to have effects on brain due to its large brain
projection.Vagus nerve stimulation (VNS) was
successfully used for treatment of intractable epilepsy.
Evidences suggested that VNS also improved mood of
epilepsy patients, this led to trials of VNS for mood
disorders later(4,5,19).
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Physiology of psychosurgery
Unlike movement disorders, mechanisms

underlying psychiatric diseases are unclear. Most
importantly due to the lack of reproducible animal
models, such as MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) model in Parkinson’s disease(17,20).
Knowledge of psychiatric diseases comes from case
studies, experiences in previous treatment and recently,
functional imagings(4,5,18,20).

The limbic system was first described by Papez
who proposed the reverberating brain circuit
responsible for memory and emotion(21,22). The system
consists of cortical, subcortical and diencephalic
structures. It has a crucial role in emotion,memory,
learning and motivation. Malfunction of the limbic
system is thought to be cause of psychiatric illness so
that the term “psychosurgery” should be called “limbic
system surgery”(4,5,20).

Although less well-defined, various evidences
suggest that major mechanisms of psychiatric illness
is malfunction of neuronal circuits. The cortico-striato-
thalamic circuits are considered to have central role
for pathophysiology of the diseases and also for
considering the treatments, such as brain targets for
lesioning or neuromodulation(18,20,23). In OCD,
multicircuits link between the orbitofrontal cortex,
prefrontal cortex, striatum, thalamus and cingulate cortex
are postulated. Symptoms of OCD occur when there
is an imbalance of activity between these circuits(18,20,23).
In major depressive disorder (MDD) the patho-
physiology is more complex and heterogenous.
Symptoms are considered to be from failure of system
to response with stress, not a single circuit or specific
brain region. This system has many components in
cortical, subcortical and limbic system(18,20).

Patient selection
Patients should be diagnosed according to

the DSM IV criteria. OCD and MDD are major
indications for psychosurgery. Other diseases are
Tourette syndrome, drug addiction, chronic pain
(especially if it has depressive mood component),
severe aggression and self-mutilation(4,5). Patient should
be clinically severe, chronic, disabling and refractory
to conventional treatment(18,24,25). Treatment failure
should include drugs (which must be adequate in terms
of dosage, duration and adherence), psychotherapy
and in some cases, electroconvulsive therapy (ECT).
Severity should be assessed by validate clinical
research scale. This is helpful for patient selection and
also for evaluation of treatment responsiveness.

Generally, Yale-Brown Obsessive Scale (Y-BOCS) is
used for OCD which about 30% reduction of score is
considered to be effective. For major depression, the
Hamilton Rating Scale (HDRS), Montgomery-Asberg
Depression Rating Scale (MADRS) or Beck Depression
Inventory (BDI) score are commonly used. These scales
are quantitative assessment and important for
comparison of the results(18,24,25).

Ideally, psychosurgery should be conducted
in the center that has multidisciplinary team, such as
neurosurgeon, neurologist and psychiatrist. Medical
records should be carefully reviewed. Investigations,
such as neuroimagings, EEG should be performed as
need. All members of the team should agree to perform
psychosurgery(24,25).

The family support is also crucial. They must
be informed about evaluating process, indications, risks
and benefits of the surgery. They must be clearly
understand that psychosurgery is only a part of
treatments and agree to further support the patient in a
long-term(24,25).

Ablative procedure
Anterior cingulotomy

After functions of the cingulate cortex
were studied extensively by Fulton and other
neuroanatomists, he suggested that the anterior
cingulate cortex could be target for psychiatric
illnesses. Electrophysiologic studies in human and
clinical cases also supported this idea(13,20,23,26).

The cingulate gyrus locates along the corpus
callosum, at medial part of the cerebral hemisphere. It
consists of the mesocortex which has 3 to 5 layers. The
cingulate cortex can be divided into anterior and
posterior part. The anterior cingulate cortex has
executive functions and can be further subdivided into
cognitive dorsal and affective ventral portion. The
posterior cingulate cortex is a part of limbic system.
White matter core of the cingulate cortex is called the
cingulum. The cingulate cortex has extensive
connections to various parts of the brain(20,23,26).

Initially, cingulotomy was performed by open
technique, cingulectomy, but it has considerable
complications(26). Later, stereotactic cingulotomy was
described by Foltz and White for intractable pain with
good results if patients had affective components.
Ballantine first introduced stereotactic cingulotomy to
USA in 1967(4,5,26,27). It became the most commonly
performed modern psychosurgery in North America
nowadays. Common indications are refractory OCD,
treatment refractory depression (TRD) and, to a lesser
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degree, also for drug addiction, severe aggression
and intractable pain(25-27). Results of stereotactic
cingulotomy are difficult to compare among studies
due to highly heterogeneity in terms of patient selection
criteria, operative techniques, surgical target, result
measurement or follow-up period. Generally,
cingulotomy for intractable OCD and MDD has
success rate about 30 to 50%(25-33). A large case series
of 198 patients suffering from various psychiatric
illnesses reported by Ballantine, showed 62%
worthwhile improvement in patients with severe
affective disorder and 56% in OCD with very low
complication rates(27). Complications included urinary
retention, dizziness, seizure. These were usually mild
and self-limited(25-27).

For pain treatment, patients should have
medical refractory pain with significant psychiatric
component, such as cancer pain. Various studies
showed good pain relief in 30 to 80% of patients after
cingulotomy(34-36).

Surgical target for cingulotomy is now usually
base on CT or MRI-guided stereotactic imaging. Targets
are set at the bilateral cingulated gyrus (Fig. 1), 2 to 2.5
cm posterior to tip of frontal horn of the lateral ventricle,
7 mm from the midline, and 2 to 3 mm above the corpus
callosum. Using thermocoagulation electrode, 2 lesions
are made 5 mm apart along the electrode axis(27). In
severe cases, 3 consecutive lesions may be made along
cingulated gyrus. Lesioning also be repeated later or
combined with other ablative techniques(37,38). However,
there is no randomized control trial or standardization
for lesioning techniques.

Fig. 1 Coronal MRI of the brain after anterior cingulotomy
showing lesions at the anterior cingulate gyri
(arrows).

Fig. 2 Coronal MRI of the brain following subcaudate
tractotomy showing lesions at the substantia
innominata (arrows).

Subcaudate tractotomy
Geoffrey Knight, a British neurosurgeon, first

performed subcaudate tractotomy in 1964. Initially,
he used radioisotope then radiofrequency ablation.
Target for subcaudate tractotomy was about area of
substantia inominata below head of the caudate
(Fig. 2). This procedure aims to disconnect area of
basal frontal lobe. Target was at 15 mm from the midline,
10 mm above level of the planum sphenoidale, at the
most anterior part of the sella turcica(39,40).

A large series of subcaudate tractotomy by
Knight, performed in 249 patients with severe mood
disorder or OCD founded that 34% of patients had
improvement at 1 year after the surgery. Other case
series also reported improvement rate in approximately
30 to 100%(30-32,39-41).

Limbic leucotomy
Limbic leucotomy is a combination of anterior

cingulotomy and subcaudate tractotomy (Fig. 3), which
aims to more complete disruption of limbic circuits. It
was first introduced by Kelly and Richardson in
1970s(4,5). Limbic leucotomy can be performed in a
single-multilesion procedure or multistage procedure,
such as cingulotomy followed by subcaudate
tractotomy if not respond, depending on severity of
symptoms(37,38,42). Limbic leucotomy was used for
treatment of refractory OCD or MDD with response
rate about 30 to 50%. There was no randomized
control trial between limbic leucotomy and its single
component. For available evidences, results were not
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different(30-32,37,38,42).

Anterior capsulotomy
This procedure was first introduced by

Talairach and Leksell for treatment of various
psychiatric diseases. Anterior capsulotomy is still
widely used in Europe(4,5,43). The procedure was aimed
to disconnect cortico-thalamic connections at the
anterior limb of internal capsule(20,43-45). The target
described by Leksell was at the anterior limb of internal
capsule, 5 mm behind the tip of frontal horn, 20 mm
lateral to the midline at the level of the intercommisural
plane. Lesioning could be done by thermocoagulation
or radiosurgery (Fig. 4). This target also evolved to the
term ventral capsule/ventral striatum (VC/VS) target
for DBS leads implantation(43-45).

Common indications for anterior capsulotomy
are refractory OCD and MDD with overall
response rate about 50%(29-33,43,44). The most common
complications from anterior capsulotomy is weight gain
which occurs in a large number of patients(29,32,33,43,44).

Amygdalotomy
In animals, temporal lobe resection was long

ago found to reduce aggression. Later, the amygdala
nucleus was found to be a component of the limbic
system and responsible for aggressive behavior.
Narabayashi et al firstly reported a series of bilateral
stereotactic amygdalotomy in 60 patients in 1963(46).
Since their report, there had been other reports of
stereotactic amygdalotomy with various results.
Improvement rates ranged from 33 to 100%.
Complication rates ranged from 0 to 42%, including
death. These might be due to mark heterogeneity
between studies. Patient selections varied between
studies, which some included epilepsy patients.
Stereotactic techniques, lesioning methods and exact
parts of the amygdala were also different(46-49).

Due to improvement of psychiatric drugs
and uncertain result of amygdalotomy, very few
amygdalotomy was performed nowadays. However,
there still is need for amygdalotomy in some
patients with failure of conventional treatments of
aggression(46-49) (Fig. 5).

Neuromodulations
Deep brain stimulation

After introduction of DBS in 1990s, it became
established as a surgical treatment for movement
disorders, such as Parkinson’s disease, tremor and
dystonia(17). DBS was first used for OCD in 1999 by

Fig. 3 Sagittal CT of the brain after limbic leucotomy
showing combined lesions of anterior cingulotomy
(arrow) and subcaudate tractotomy (arrowhead).

Fig. 4 Axial CT of the brain after anterior capsulotomy
showing lesions at the anterior limbs of internal
capsule (arrows).

Nuttin et al(4,5). DBS was then rapidly adopt to
psychosurgery and became one of the most rapid
evolving field in neurosurgery. The acceptance was
from perception of DBS as a non-destructive type of
surgery and also adjustable parameters. Importantly,
evidences showed that it was safe to perform
bilaterally(17,18,50).

Refractory OCD and MDD are common
indications for DBS. Other indications include Tourette
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syndrome, drug addiction, anorexia nervosa and
likely to expand in the near future(4,5,18,32,44,45,50-57). For
OCD, the most common described target in the literatures
is VC/VS and this led to FDA approval of VC/VS DBS
for OCD treatment in 2009. However, the optimal target
for OCD is still not known. Other targets for OCD are
the nucleus accumbens, bed nucleus of stria terminalis,

subthalamic nucleus, inferior thalamic peduncle and
globus pallidus internus. For MDD, common targets
are VC/VS and subgenual cingulate (Cg25). Indications
and targets of DBS for psychiatric disorders are
summarized in Table 1.

Despite its attractiveness, efficacy of DBS
for psychiatric illnesses was not superior when
compared with that of ablative procedures. Moreover,
complications of DBS might be higher. DBS is a high
cost, hardware-based surgery that prone to infection,
need regular visits and careful parameter adjustments.
It should be considered as an investigational therapy
compared with ablative procedures, which have been
more established(18,24,32,44,50).

Vagus nerve stimulation
After used in epilepsy patients and founded

to improve mood of the patients, VNS was later used in
pure mood disorders(58). VNS was used for refractory
depression. Although mechanism is unclear, VNS can
be benefit in about 30% of patients with depression.
Long-term effect of VNS may be more pronounced than
in a short-term(32,33,58-60). In 2005, FDA approved VNS
as an adjunctive therapy to medication for treatment of
depressive episodes that failed to medical therapy.
Systematic review confirmed the efficacy of VNS, but
randomized control trial is still needed(59).

Siriraj’s experiences in psychosurgery
Since 2013, 8 cases of psychiatric patients

underwent psychosurgery. Unlike the literatures, the

Psychiatric disorder DBS target

Obsessive compulsive disorder(18,44,45,50-52) Anterior limb of internal capsule
Nucleus accumbens
Ventral capsule/ventral striatum (VC/VS)
Subthalamic nucleus
Inferior thalamic peduncle

Major depressive disorder(18,32,50,51,53,54) Subcallosal cingulate gyrus (Brodmann area 25)
Ventral capsule/ventral striatum (VC/VS)
Interior thalamic peduncle
Nucleus accumbens and anterior limb of internal capsule
Stria medullaris thalami (habenula)

Anorexia nervosa(18,50,51,57) Subcallosal cingulate gyrus (Brodmann area 25)
Nucleus accumbens

Drug addiction(18,50,51) Nucleus accumbens
Tourette syndrome(18,50,55,56) Thalamus (centromedian parafascicular complex)

Globus pallidus internus (Gpi)
Ventral capsule/ventral striatum (VC/VS)

Table 1. Indicationsand targets of DBS for psychiatric disorders

Fig. 5 Axial CT of the brain following amygdalotomy
showing lesions at the amygdalas (arrows).
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most common indication of our psychosurgery is
intractable aggression in 4 patients. Other indications
included self-mutilation disorder, intractable pain with
depressive mood, delusional disorder and paranoid
schizophrenia with intractable aggressive behavior.
This might be stem from notorious history of
psychosurgery that makes psychiatrists reluctant to
refer intractable cases to neurosurgeon for
psychosurgery unless there is heavy burden to treating
physicians or family members. All patients were
undergone ablative procedures due to low cost and
good efficacy. These procedures consisted of anterior
cingulotomy, amygdalotomy, limbic leucotomy and
anterior capsulotomy. Most patient undergone a single
operation, but 3 patients required multiple operations.
This may indicated complexity of disease’s circuits.
The overall results were good. Aggressiveness was
markedly decreased and patient care was a lot easier
postoperatively. After this successful pilot case series,
we expect psychosurgery becoming an important
alternative for the treatment of intractable psychiatric
disorders in the future.

Conclusion
Psychosurgery has a long and interesting

history. Since its origin, psychosurgery had been
through a tough road. From rising to falling, almost
extinct, now psychosurgery revives again. Advances
in surgical techniques and insights for
pathophysiology of the diseases make modern
psychosurgery a lot more effective and safe. Both types
of psychosurgery, ablation and neuromodulation, are
performed nowadays. Each has its own advantages
and disadvantages. Results of psychosurgery are
promising and there is still a room for improvement. In
the near future, this rapid evolving field might become
important treatment for intractable, deliberating
psychiatric patients.

What is already known from this topic?
Psychosurgery has a long history across the

century. It still plays a major role for the treatment of
intractable psychiatric illness. Neurosurgical methods,
including stereotactic ablation and DBS on various
targets in the brain, and VNS render favorable outcomes
with minimal adverse effects in well selected cases.

What this study adds?
 Ablative stereotactic neurosurgery, including

anterior cingulotomy, subcaudatetractotomy, limbic
leucotomy and amygdalotomy, is effective for

controlling severe treatment-resistant psychiatric
symptoms. Anterior cingulotomy, amygdalotomy and
limbic leucotomy can suppress aggressive behavior.
Limbic leucotomy can be used for controlling
self-mutilation and OCD symptoms. However,
psychosurgery is underutilized in the present owing to
its infamous use in the past and lack of experience in
patient selection. This therapeutic option should be
considered in patients with refractory psychiatric
disorders.

Potential conflicts of interest
None.

References
1. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman

AD, Michaud C, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions,
1990-2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet 2012; 380:
2197-223.

2. Fava M, Davidson KG. Definition and
epidemiology of treatment-resistant depression.
Psychiatr Clin North Am 1996; 19: 179-200.

3. Pallanti S, Quercioli L. Treatment-refractory
obsessive-compulsive disorder: methodological
issues, operational definitions and therapeutic
lines. Prog Neuropsychopharmacol Biol Psychiatry
2006; 30: 400-12.

4. Mashour GA, Walker EE, Martuza RL.
Psychosurgery: past, present, and future. Brain
Res Brain Res Rev 2005; 48: 409-19.

5. Robison RA, Taghva A, Liu CY, Apuzzo ML.
Surgery of the mind, mood, and conscious state:
an idea in evolution. World Neurosurg 2012; 77:
662-86.

6. Joanette Y, Stemmer B, Assal G, Whitaker H. From
theory to practice: the unconventional
contribution of Gottlieb Burckhardt to
psychosurgery. Brain Lang 1993; 45: 572-87.

7. Puusepp L. Alcune considerazioni sugli interventi
chirugici nelle malattie mentali. Gior Accad Med
Torino 1937; 100: 3-16.

8. Fulton JF, Jacobsen CF. The functions of the frontal
lobes: a comparative study in monkeys,
chimpanzees, and man. In: Abstracts of the Second
International Neurological Congress, London;
1935: 70-1.

9. Moniz E. Prefrontal leucotomy in the treatment of
mental disorders. Am J Psychiatry 1937; 93: 1379-
85.



J Med Assoc Thai Vol. 100 Suppl. 2  2017                                                                                                                S193

10. Freeman W, Watts JW. Prefrontal lobotomy in the
treatment of mental disorders. South Med J 1937;
30: 23-31.

11. Freeman W. Transorbital leucotomy. Lancet 1948;
2: 371-3.

12. Faria MA Jr. Violence, mental illness, and the brain
- A brief history of psychosurgery: Part 1 - From
trephination to lobotomy. Surg Neurol Int 2013; 4:
49.

13. Faria MA Jr. Violence, mental illness, and the brain
- A brief history of psychosurgery: Part 2 - From
the limbic system and cingulotomy to deep brain
stimulation. Surg Neurol Int 2013; 4: 75.

14. Spiegel EA, Wycis HT, Marks M, Lee AJ.
Stereotaxic apparatus for operations on the human
brain. Science 1947; 106: 349-50.

15. Mendelsohn D, Lipsman N, Lozano AM, Taira T,
Bernstein M. The contemporary practice of
psychiatric surgery: results from a global survey
of functional neurosurgeons. Stereotact Funct
Neurosurg 2013; 91: 306-13.

16. Leveque M, Carron R, Regis J. Radiosurgery for
the treatment of psychiatric disorders: a review.
World Neurosurg 2013; 80: S32-S39.

17. DeLong MR, Wichmann T. Deep brain stimulation
for Parkinson’s disease. Ann Neurol 2001; 49: 142-
3.

18. Cleary DR, Ozpinar A, Raslan AM, Ko AL. Deep
brain stimulation for psychiatric disorders: where
we are now. Neurosurg Focus 2015; 38: E2.

19. Elger G, Hoppe C, Falkai P, Rush AJ, Elger CE. Vagus
nerve stimulation is associated with mood
improvements in epilepsy patients. Epilepsy Res
2000; 42: 203-10.

20. Shah DB, Pesiridou A, Baltuch GH, Malone DA,
O’Reardon JP. Functional neurosurgery in the
treatment of severe obsessive compulsive disorder
and major depression: overview of disease circuits
and therapeutic targeting for the clinician.
Psychiatry (Edgmont ) 2008; 5: 24-33.

21. Papez JW. A proposed mechanism of emotion 1937.
J Neuropsychiatry Clin Neurosci 1995; 7: 103-12.

22. MacLean PD. Psychosomatic disease and the
visceral brain: recent developments bearing on the
Papez theory of emotion. Psychosom Med 1949;
11: 338-53.

23. McGovern RA, Sheth SA. Role of the dorsal
anterior cingulate cortex in obsessive-compulsive
disorder: converging evidence from cognitive
neuroscience and psychiatric neurosurgery. J
Neurosurg 2016; 1-16.

24. Nuttin B, Wu H, Mayberg H, Hariz M, Gabriels L,
Galert T, et al. Consensus on guidelines for
stereotactic neurosurgery for psychiatric
disorders. J Neurol Neurosurg Psychiatry 2014;
85: 1003-8.

25. Diering SL, Bell WO. Functional neurosurgery for
psychiatric disorders: a historical perspective.
Stereotact Funct Neurosurg 1991; 57: 175-94.

26. Brotis AG, Kapsalaki EZ, Paterakis K, Smith JR,
Fountas KN. Historic evolution of open
cingulectomy and stereotactic cingulotomy in the
management of medically intractable psychiatric
disorders, pain and drug addiction. Stereotact
Funct Neurosurg 2009; 87: 271-91.

27. Ballantine HT Jr, Bouckoms AJ, Thomas EK,
Giriunas IE. Treatment of psychiatric illness by
stereotactic cingulotomy. Biol Psychiatry 1987; 22:
807-19.

28. Yang JC, Ginat DT, Dougherty DD, Makris N,
Eskandar EN. Lesion analysis for cingulotomy and
limbic leucotomy: comparison and correlation with
clinical outcomes. J Neurosurg 2014; 120: 152-63.

29. Brown LT, Mikell CB, Youngerman BE, Zhang Y,
McKhann GM, Sheth SA. Dorsal anterior
cingulotomy and anterior capsulotomy for severe,
refractory obsessive-compulsive disorder: a
systematic review of observational studies. J
Neurosurg 2016; 124: 77-89.

30. Leiphart JW, Valone FH 3rd. Stereotactic lesions
for the treatment of psychiatric disorders. J
Neurosurg 2010; 113: 1204-11.

31. Kim MC, Lee TK, Choi CR. Review of long-term
results of stereotactic psychosurgery. Neurol Med
Chir (Tokyo) 2002; 42: 365-71.

32. Andrade P, Noblesse LH, Temel Y, Ackermans L,
Lim LW, Steinbusch HW, et al. Neurostimulatory
and ablative treatment options in major depressive
disorder: a systematic review. Acta Neurochir
(Wien) 2010; 152: 565-77.

33. Christmas D, Matthews K. Neurosurgical
treatments for patients with chronic, treatment-
refractory depression: A retrospective,
consecutive, case series comparison of anterior
capsulotomy, anterior cingulotomy and vagus
nerve stimulation. Stereotact Funct Neurosurg
2015; 93: 387-92.

34. Yen CP, Kung SS, Su YF, Lin WC, Howng SL, Kwan
AL. Stereotactic bilateral anterior cingulotomy for
intractable pain. J Clin Neurosci 2005; 12: 886-90.

35. Viswanathan A, Harsh V, Pereira EA, Aziz TZ.
Cingulotomy for medically refractory cancer pain.



S194                                                                                                                J Med Assoc Thai Vol. 100 Suppl. 2  2017

Neurosurg Focus 2013; 35: E1.
36. Patel NV, Agarwal N, Mammis A, Danish SF.

Frameless stereotactic magnetic resonance
imaging-guided laser interstitial thermal therapy
to perform bilateral anterior cingulotomy for
intractable pain: feasibility, technical aspects, and
initial experience in 3 patients. Neurosurgery 2015;
11 (Suppl 2): 17-25.

37. Bourne SK, Sheth SA, Neal J, Strong C, Mian MK,
Cosgrove GR, et al. Beneficial effect of subsequent
lesion procedures after nonresponse to initial
cingulotomy for severe, treatment-refractory
obsessive-compulsive disorder. Neurosurgery
2013; 72: 196-202.

38. Sheth SA, Neal J, Tangherlini F, Mian MK, Gentil
A, Cosgrove GR, et al. Limbic system surgery for
treatment-refractory obsessive-compulsive
disorder: a prospective long-term follow-up of 64
patients. J Neurosurg. 2013; 118: 491-7.

39.  Knight G. The orbital cortex as an objective in the
surgical treatment of mental illness. The results of
450 cases of open operation and the development
of the stereotactic approach. Br J Surg 1964; 51:
114-24.

40. Goktepe EO, Young LB, Bridges PK. A further
review of the results of sterotactic subcaudate
tractotomy. Br J Psychiatry 1975; 126: 270-80.

41. Woerdeman PA, Willems PW, Noordmans HJ,
Berkelbach van der Sprenkel JW, van Rijen PC.
Frameless stereotactic subcaudate tractotomy for
intractable obsessive-compulsive disorder. Acta
Neurochir (Wien) 2006; 148: 633-7.

42. Montoya A, Weiss AP, Price BH, Cassem EH,
Dougherty DD, Nierenberg AA, et al. Magnetic
resonance imaging-guided stereotactic limbic
leukotomy for treatment of intractable psychiatric
disease. Neurosurgery 2002; 50: 1043-9.

43. Oliver B, Gascon J, Aparicio A, Ayats E, Rodriguez
R, Maestro De Leon JL, et al. Bilateral anterior
capsulotomy for refractory obsessive-compulsive
disorders. Stereotact Funct Neurosurg 2003; 81:
90-5.

44. Pepper J, Hariz M, Zrinzo L. Deep brain stimulation
versus anterior capsulotomy for obsessive-
compulsive disorder: a review of the literature. J
Neurosurg 2015; 122: 1028-37.

45. Anderson D, Ahmed A. Treatment of patients with
intractable obsessive-compulsive disorder with
anterior capsular stimulation. Case report. J
Neurosurg 2003; 98: 1104-8.

46. Fountas KN, Smith JR. Historical evolution of

stereotactic amygdalotomy for the management
of severe aggression. J Neurosurg 2007; 106: 710-
3.

47. Fountas KN, Smith JR, Lee GP. Bilateral stereotactic
amygdalotomy for self-mutilation disorder. Case
report and review of the literature. Stereotact Funct
Neurosurg 2007; 85: 121-8.

48. Mpakopoulou M, Gatos H, Brotis A, Paterakis KN,
Fountas KN. Stereotactic amygdalotomy in the
management of severe aggressive behavioral
disorders. Neurosurg Focus 2008; 25: E6.

49. Langevin JP. The amygdala as a target for behavior
surgery. Surg Neurol Int 2012; 3: S40-S46.

50. Fitzgerald PB, Segrave RA. Deep brain stimulation
in mental health: Review of evidence for clinical
efficacy. Aust N Z J Psychiatry 2015; 49: 979-93.

51. Lucas-Neto L, Mourato B, Neto D, Oliveira E,
Martins H, Correia F, et al. The nucleus accumbens
beyond the anterior commissure: implications for
psychosurgery. Stereotact Funct Neurosurg 2014;
92: 291-9.

52. Nair G, Evans A, Bear RE, Velakoulis D, Bittar RG.
The anteromedial GPi as a new target for deep
brain stimulation in obsessive compulsive disorder.
J Clin Neurosci 2014; 21: 815-21.

53. Lozano AM, Mayberg HS, Giacobbe P, Hamani C,
Craddock RC, Kennedy SH. Subcallosal cingulate
gyrus deep brain stimulation for treatment-resistant
depression. Biol Psychiatry 2008; 64: 461-7.

54. Malone DA Jr, Dougherty DD, Rezai AR, Carpenter
LL, Friehs GM, Eskandar EN, et al. Deep brain
stimulation of the ventral capsule/ventral striatum
for treatment-resistant depression. Biol Psychiatry
2009; 65: 267-75.

55. Vandewalle V, van der Linden C, Groenewegen HJ,
Caemaert J. Stereotactic treatment of Gilles de la
Tourette syndrome by high frequency stimulation
of thalamus. Lancet 1999; 353: 724.

56. Andrade P, Visser-Vandewalle V. DBS in Tourette
syndrome: where are we standing now? J Neural
Transm (Vienna) 2016; 123: 791-6.

57. Lipsman N, Lozano AM. Targeting emotion circuits
with deep brain stimulation in refractory anorexia
nervosa. Neuropsychopharmacology 2014; 39:
250-1.

58. Corcoran CD, Thomas P, Phillips J, O’Keane V.
Vagus nerve stimulation in chronic treatment-
resistant depression: preliminary findings of an
open-label study. Br J Psychiatry 2006; 189: 282-3.

59. Daban C, Martinez-Aran A, Cruz N, Vieta E. Safety
and efficacy of vagus nerve stimulation in



J Med Assoc Thai Vol. 100 Suppl. 2  2017                                                                                                                S195

treatment-resistant depression. A systematic
review. J Affect Disord 2008; 110: 1-15.

60. Mohr P, Rodriguez M, Slavickova A, Hanka J.

The application of vagus nerve stimulation and
deep brain stimulation in depression. Neuropsycho-
biology 2011; 64: 170-81.

⌫ 

   

 ⌦    
  ⌫⌫

 ⌫⌫⌫⌫⌫
⌫ ⌫  ⌫ 

⌦ ⌫⌫⌦ ⌫
⌫⌫ ⌫⌦  
 ⌫ ⌦⌫
⌫⌦⌫⌫⌫⌦ ⌦
 ⌫ ⌫⌫⌦
 ⌦ ⌫⌫
 ⌫


