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BRIEF HISTORY

The late eighteenth and nineteenth centu-
ries witnessed the development of func-
tional neuroanatomy—the concept that
specific areas of the brain subserve particu-
lar functions. Gall (19) ascribed functional
significance to individual units of the brain
that he called mental organs. His theory of
phrenology ultimately lost favor, but he was
nonetheless a pioneer of the concept of lo-
calization of brain function. One of his de-
tractors, Flourens (18), performed careful
experiments that began to demonstrate the
functions of the cerebral hemispheres, cer-
ebellum, and brainstem. Broca (8) and Wer-

icke (70) further refined localization, es-
ecially for language function.

This increasing understanding of func-
ional neuroanatomy led the Swiss psychia-
rist Burckhardt to postulate that removing
egions of cortex could specifically alter be-
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avior (Figure 1) (46). His operations on six t
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atients with psychiatric diagnoses in 1888
ikely represent the first modern example of
sychiatric neurosurgery. His results from

hese initial attempts were modest: one pa-
ient died after developing status epilepti-
us, one improved but then subsequently
ommitted suicide, two remained stable,
nd two became more subdued.

In 1910, the Estonian neurosurgeon
uusepp reported results on 17 patients
ho underwent a frontal leukotomy-like
rocedure for manic-depressive disorder or
pilepsy (43). Results from the initial four
atients were poor; however, in the remain-

ng patients, improvement and reduced ag-
ression were seen (57).

In 1935, Fulton presented a landmark
tudy in primate neurophysiology that
ould guide the direction of psychosur-
ery for the next 2 decades. Fulton and

acobsen trained two chimpanzees to per-
orm some basic behaviors. They noted
hat under certain conditions when re-
ard was omitted, the animals would
ave clear emotional tantrums. Each ani-
al then underwent a unilateral frontal

obectomy. Fulton and Jacobsen noted

� OBJECTIVE: Lesion procedures for p
spans more than a century. This revie
surgery and addresses the most rec
treatment of anxiety and mood disord

� METHODS: Relevant data describe
hrough the modern era regarding lesi
oth historical and current use, are re

RESULTS: The early procedures of
viewed, followed by descriptions of
Knight, Foltz, White, and Kelly. The app
compulsive disorder, mood disorders,

� CONCLUSIONS: Lesioning procedu
stimulation targets. Recent lesioning
durability of these procedures in seve
tion of these techniques should continu
severe, refractory psychiatric disorder
hat there was no apparent change in their a
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verall cognitive or emotional capacities.
owever, when the contralateral frontal

obe was also removed, they noticed
arked changes in their emotional fac-

lty without any gross changes in overall
ognition. Specifically, they stopped re-
ponding to the omission of rewards. Ful-
on and Jacobsen presented their findings
t the Second World Congress of Neurol-
gy in 1935. At this meeting, the Portu-
uese neurologist Moniz proposed abla-

ion of frontal cortex for treatment of
sychiatric disease in humans (25, 47).

Moniz enlisted the help of the Portu-
uese neurosurgeon Lima. In 1935, they
erformed a prefrontal leukotomy on a
3-year-old woman with anxiety, delu-
ions, and melancholia. They injected al-
ohol into white matter tracts within the
rontal lobes to sever connections respon-
ible for the mental illness. The patient
as considered to be cured, despite re-
uiring continuous hospitalization (2).
y 1936, Moniz and Lima introduced a
ew instrument called the leukotome,
hich consisted of a rod that had a re-

ractable wire loop that could be inserted

hiatric indications have a history that
rovides a brief history of psychiatric
literature on lesion surgery for the

publications from the early 1900s
rocedures for psychiatric indications,
ed.

khardt, Moniz, and Freeman are re-
more refined techniques of Leksell,
ion of lesion procedures to obsessive-
addiction are discussed.

have informed modern deep brain
dies demonstrate the efficacy and
disabled patients. Judicious applica-
r appropriately selected patients with
syc
w p
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SHAUN R. PATEL ET AL. PSYCHIATRIC NEUROSURGICAL PROCEDURES
tions. The procedure was done bilaterally
with approximately six 10-mm circular le-
sions per side. Over the next 2 years,
Moniz published numerous articles and
books on the procedure, and he won the
Nobel Prize in Medicine or Physiology in
1949.

Concurrent to Moniz’s work, in 1936, the
American neurologist Freeman and neuro-
surgeon Watts began exploring prefrontal
lobotomy as a treatment for psychiatric ill-
ness. At the time, psychiatric illness was a
staggering problem in the United States,
with an estimated 400,000 psychiatric inpa-
tients and an annual cost of &dollar;1.5 bil-
lion (47). In an effort to make the procedure
more widely available, Freeman and Watts
introduced the transorbital leukotomy in
1946. The procedure did not require an op-
erating room and was originally performed
in Freeman’s office. An icepick-like tool,
called an orbitoclast, was inserted above the
eyelid and driven through the orbital roof
with a mallet. Sweeping motions were
made with the orbitoclast in the desired
plane to severe white matter tracts. The pro-
cedure was done bilaterally. An estimated

Fig
60,000 procedures were performed from c

S31.e10 www.SCIENCEDIRECT.com
936 –1956 (2). However, increasingly in-
iscriminate use of the procedure, an accu-
ulating tally of complications, and the de-

elopment of the first neuroleptics such as
hlorpromazine eventually brought an end
o the frontal lobotomy era (17).

The development of stereotactic proce-
ures by Tailarach and Leksell in the late
940s (42) allowed the creation of smaller,

ore precisely targeted lesions, resulting in
mproved outcomes and reduced complica-
ions. Stereotactic ablation procedures that
ere developed over the next 2 decades are

till in use today to treat patients with severe
isease that is refractory to conventional
harmacologic and behavioral therapy.
odern practice of psychiatric neurosur-

ery must take careful account of ethical
bjections raised against the notorious

ransorbital frontal lobotomies of the mid-
le decades of the 20th century. The ensu-

ng public backlash led to the convening of
U.S. Congressional Commission in the

ate 1970s to investigate the appropriate se-
ection and treatment of patients for these
rocedures. Their report formed the basis

or guidelines governing the practice of psy-

Timeline of major events in the history of psycho
hiatric neurosurgery (12, 69). U

WORLD NEUROSURGERY, http://d
At the present time, psychiatric neuro-
urgery procedures are most often per-
ormed to treat severe, refractory anxiety
isorders such as obsessive-compulsive
isorder (OCD) and mood disorders such
s bipolar disorder (BD) and major depres-
ive disorder (MDD) (Table 1). We briefly
escribe these conditions and outline the
blative procedures available to treat them.
n addition, we discuss treatment of addic-
ion, both historically and more recent in-
ernational efforts.

BSESSIVE-COMPULSIVE DISORDER

escription
CD is an anxiety disorder characterized by
ersistent unwanted thoughts (obsessions)
nd ritualistic behaviors or mental acts
compulsions). The intrusive nature of ob-
essions is a source of overwhelming anxi-
ty and often requires repetitive perfor-
ance of time-consuming or socially

nappropriate behaviors to subdue. OCD is
enerally considered to be a chronic illness
ith a lifetime prevalence of 2%–3% in the

y.
nited States (32, 58). The current standard

x.doi.org/10.1016/j.wneu.2012.11.038
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of care consists of cognitive behavioral
therapy and selective serotonin reuptake in-
hibitors (28). Although meta-analytic stud-
ies have shown both classes of treatment to
be effective (16, 40), 20%– 40% of patients
are thought to remain refractory and are
chronically impaired (56, 58).

Neurobiology
The pathophysiologic basis of OCD appears
to involve abnormalities in corticostriatal-
thalamocortical (CSTC) circuits, specifi-
cally orbital-frontal and anterior cingulate
cortex (63, 68). CSTC circuits are known to
be anatomically and functionally segre-
gated and subserve a wide range of physio-
logic functions (1). Dysfunction to these in-
formation streams is thought to underlie
the neurobiologic basis of OCD (52).

Imaging studies have elucidated much of
what we know about the pathophysiologic ba-
sis of OCD. Structural imaging studies have
found differences in gray matter volumes of
CSTC regions in patients with OCD versus
controls (29, 61). Hyperactivity in CSTC cir-
uits is commonly reported in patients with
CD at rest in functional imaging studies,

nd this activity is amplified during provoca-
ion of OCD symptoms (48, 59, 64). Diffusion
ensor imaging revealed abnormalities in an-
tomic connectivity within the cingulum bun-
le and the anterior limb of the internal cap-

Table 1. Lesion Procedures

Procedure Indications

Anterior capsulotomy OCD Thermoc
Knife

Anterior cingulotomy OCD, MDD, BD Electroco

Subcaudate tractotomy OCD, MDD, BD,
anxiety

Yttrium-9
electroco
Knife

Limbic leukotomy OCD, MDD, BD Mechani
heat, rad
radiofreq
thermoco

OCD, obsessive-compulsive disorder; YBOCS, Yale-Brown O
Scale.
ule in patients with OCD (9). s

WORLD NEUROSURGERY 80 [3/4]: S31.e
OOD DISORDERS

escription
DD and BD are mood disorders that are

mong the most common psychiatric diagno-
es. During their lifetime, 20% of women and
2% of men are expected to have a major de-
ressive episode. BD is less common, with a

ifetime prevalence of 2%–4% (44). Conven-
ional treatment at the present time consists
f psychopharmacology including selective
erotonin reuptake inhibitors and mono-
mine oxidase inhibitors, psychotherapy, and
lectroconvulsive therapy. BD treatments in-
lude mood stabilizers such as lithium, carba-
azepine, and valproate. However, 20% of

atients are refractory to conventional ther-
py. Ablative surgical procedures for depres-
ion have been employed since the 1930s and
efined by the advent of stereotaxy in the 1940s
nd 1950s (3).

eurobiology
he pathophysiology underlying both MDD
nd BD appears to involve abnormalities in
edial and orbital prefrontal cortex, limbic

ircuits regulating emotion, and thalamic and
asal ganglia networks (54). Dysregulation of
eurotransmitters, including serotonin and
opamine, plays an important role as well.

Positron emission tomography and func-
ional magnetic resonance imaging (MRI)

od Target S

tion, Gamma Anterior limb of internal
capsule

Short-term:
incontinence

Long-term: w
memory los

tion Anterior cingulate No long-term
for infection

s with
tion, Gamma

Substantia innominata Short-term:

Long-term: s

ruption,
ve materials,

tion

Anterior cingulate,
substantia innominata

Short-term:
lethargy, pe
incontinence
seizure

ive Compulsive Scale; MDD, major depressive disorder; BD,
tudies have demonstrated altered cerebral i

9-S31.e16, SEPTEMBER/OCTOBER 2013www.WOR
lood flow and metabolic activity in prefron-
al cortex of depressed patients compared
ith healthy subjects. Primate studies suggest

hat the orbital prefrontal cortex plays a role in
pdating the value of object representations,
hereas medial frontal cortex updates the

alue of action representations. These roles
re reflected in difficulty valuing objects and
ctions, presenting clinically in patients with
DD as anhedonia, abulia, and lack of moti-

ation (44, 54).

DDICTION

pidemiologic studies of substance abuse
nd dependence reveal 2% of adults in U.S.
ouseholds had a drug use disorder within

he previous 12 months, with 10.4% report-
ng a drug use disorder during their lifetime
65). Drug use disorders lead to significant
isability and inability to fulfill work,
chool, and home obligations. Current
reatment centers on residential or outpa-
ient behavioral therapies combined with
harmacologic therapies to manage with-
rawal and control cravings. However, re-

apse rates remain exceedingly high despite
reatment. A large randomized study of
ombined behavioral and pharmacologic
reatment for alcohol abuse demonstrated
ood clinical outcome, defined as absti-
ence to moderate drinking without signif-

ffects Efficacy

che, confusion, OCD: 35% reduction in YBOCS

gain, fatigue,
ntinence, seizure

effects, low risk OCD: 32%–48% reduction in
YBOCS

MDD: 60% responders

BD: 77% improved

, disorientation OCD: 50% improved

MDD: 32% improved

che, confusion,
ation,
nolence, apathy,

OCD: 38%–98% improvement

MDD: 33% symptom-free,
22% improved

BD: 68% improved by CGPSS

disorder; CGPSS, Current Global Psychiatric Social Status
Meth ide E

oagula heada

eight
s, inco

agula side

0 rod
agula

edema

eizure

cal dis
ioacti
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cant psychosocial problems, in half of pa-
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tients undergoing therapy, with lower
outcome rates for isolated behavioral or
pharmacologic treatments (4). Interest in
applying psychiatric neurosurgery to sub-
stance abuse was based on observations of
patients with comorbid depression and
substance abuse.

In 1969, Knight (38) reported his results
with leucotomy in five heroin addicts, demon-
strating reduced withdrawal symptoms and
cravings and improved rehabilitation. No pa-
tients relapsed in the 6-month follow-up pe-
riod. In 1978, Dieckmann and Schneider
(14) published their experience with hypo-
thalamotomy for addiction. Leucotomy was
thought to influence addiction via treatment
of underlying mood disorders, and it was be-
lieved that hypothalamotomy would directly
affect relapse behaviors. Unilateral or bilateral
lesioning of the ventromedial nucleus of the
hypothalamus was performed in 15 patients.
All patients reported increased self-control
but also increased appetite and reduced sex-
ual drive. In patients with bilateral lesions,
four of six had severe side effects, including
lack of impulse, amnesia, vision disorders,
and vegetative crisis. Bilateral hypothalamo-
tomy was essentially abandoned.

Stereotactic anterior cingulotomy was eval-
uated in the 1970s as a treatment of addiction.
Kanaka and Balasubramaniam (31) reported
on 73 patients with morphine, pethidine, or
alcohol addiction who underwent surgery.
Patients were followed for up to 6 years, with a
relapse rate of 22% without significant psy-
chological deficits or procedural complica-
tions. More recently, Russian neurosurgeons
reported results of cryocingulotomy in pa-
tients with heroin addiction. Bilateral lesions
were created in 335 patients; 30% experi-
enced immediate total remission, and an ad-
ditional 30% were in remission after 2
months. The follow-up period was unre-
ported. However, the Russian government or-
dered a halt to surgeries for lack of evidence in
2002 (49, 55).

In 2003, Gao et al. (20) published results
of ablating the nucleus accumbens bilater-
ally. The goal was to disrupt the mesocorti-
colimbic dopamine circuit, which was im-
plicated in psychological dependence in
animal studies (35). Lesioning was per-
ormed in 28 heroin addicts who were fol-
owed for 15 months. Complete remission

as reported in 7 patients, and an addi-
ional 10 patients relapsed within 6 months

ut did have an improvement in withdrawal t

S31.e12 www.SCIENCEDIRECT.com
ymptoms. Two patients had personality
hanges, and four had temporary memory
oss. However, the study was severely lim-
ted by poorly defined assessment instru-

ents, unblinded evaluators, and no com-
arison with standard effective treatment

or opioid dependence. The Chinese gov-
rnment halted surgeries in 2004 (45, 67).
n 2010, Wu et al. (72) reported results of
tereotactic ablation of the nucleus accum-
ens in patients with alcohol dependence.
ilateral lesioning was performed in 12 pa-

ients meeting criteria for alcohol depen-
ence with repeated relapses despite treat-
ent. Patients were followed for a mean of

6.6 months. Relapse rate by the first year
ostoperatively was 25%. One patient had

emporary hyposmia; no other procedural
omplications were seen. Severity of alco-
ol dependence and alcohol cravings, as de-

ermined by a standard severity of alcohol
ependence scale and frequency and dura-

ion of alcohol use, was decreased in the
tudy group compared with preoperative
aseline. Given these encouraging results,

he authors suggested that stereotactic sur-
ery to treat alcohol dependence is safe and
ffective, although greater sample size and
onger follow-up studies would provide fur-
her evidence of efficacy and safety. The au-
hors commented that nondestructive pro-
edures are likely to replace the lesioning
sed in the study; however, the high cost of

mplanted stimulation devices may limit
heir adoption (72).

ESIONING PROCEDURES

nterior Capsulotomy
eveloped in the 1940s by Leksell and Ta-

airach, anterior capsulotomy targets the
nterior limb of the internal capsule, just
uperior to the ventral striatum (Figure 2)
22). The goal of the procedure is to inter-
upt fibers connecting the orbital frontal
ortex with thalamic nuclei and the caudate.
riginally, bilateral lesions were placed us-

ng thermocoagulation through burr holes
n the skull, resulting in roughly 4-mm-

ide lesions. More recently, capsulotomy
as been performed using the Leksell
amma Knife, stereotactically focusing

onizing radiation onto the target site. Al-
hough it is a relatively new procedure, effi-
acy is similar to thermocoagulation, and

he need for open surgery is eliminated. b

WORLD NEUROSURGERY, http://d
controlled study of Gamma Knife capsu-
otomy for OCD is currently in progress at
he University of Sao Paulo, Brazil.

In the 1950s, Leksell performed anterior
apsulotomy on 116 patients and reported
avorable results; 50% improvement oc-
urred in patients with OCD. More recent
utcome studies of capsulotomy for intrac-

able OCD report an approximate 70% im-
rovement (26, 41, 50). Short-term side ef-

ects include headache, confusion, and
ncontinence. Weight gain, fatigue, mem-
ry loss, incontinence, and seizure have
een reported as rare but more lasting side
ffects (17). Therapeutic responses for
amma Knife capsulotomy (�35% im-
rovement in Yale-Brown Obsessive Com-
ulsive Scale [YBOCS] at follow-up) have
een reported in 60% of patients with OCD
23), and no significant difference between
hermocoagulation and radiosurgery has
een reported (62). Serious side effects of
adiosurgery include radiation-induced
dema and delayed cyst formation (23).

nterior Cingulotomy
he earliest reports of cingulotomies date

Figure 2. Psychosurgical lesion targets. For
cingulotomy, two of three magnetic
resonance imaging–guided lesions are placed
bilaterally in the anterior cingulate (red) using
thermocoagulation to interrupt fibers from
the cingulate to the limbic system. For
capsulotomy, bilateral lesions are placed in
the anterior limb of the internal capsule (blue)
using either thermocoagulation or ionizing
radiation to interrupt fibers from the orbital
frontal cortex to thalamic and basal ganglia
targets. For subcaudate tractotomy, bilateral
lesions are placed in the substantia
innominata (green; inferior to the head of the
caudate) using radioactive rods to interrupt
fibers between the orbital frontal cortex and
subcortical limbic targets. For limbic
leukotomy, anterior cingulotomy (red) and
subcaudate tractotomy (green) lesion targets
are combined.
ack to the 1940s by Freeman and Watts. It

x.doi.org/10.1016/j.wneu.2012.11.038
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was noted that patients with comorbid anx-
iety conditions had the best outcomes.
Cairns began targeting the anterior cingu-
lum in 1948 for anxiety, intractable pain,
and mood disorders. At the present time,
anterior cingulotomy remains the most
common neurosurgical procedure for re-
fractory OCD.

The anterior cingulate gyrus has projec-
tions into hippocampus, amygdala, periaq-
ueductal gray matter, ventral striatum, and
orbitofrontal and anterior insular cortices.
Functionally, it is involved in conditioned
emotional learning and assigning emo-
tional valence to stimuli (13). Two or three
MRI-guided lesions of approximately 1.0
cm3 are made bilaterally in the anterior cin-

ulate (Brodmann areas 24 and 32) by ther-
ocoagulation (Figure 2). The goal of this

rocedure is to interrupt fiber tracts in the
nterior cingulate that carry information
rom the cingulate cortex to the orbital fron-
al cortex and limbic system.

Ballantine published results of 69 pa-
ients who underwent bilateral stereotactic
ingulotomy during 1962–1966. Lesions
ere created using monopolar radiofre-
uency electrocoagulation with needles
laced 3– 4 cm from the tip of frontal horns

o within 5 mm of the midline to destroy the
edial portion of the cingulum. Of pa-

ients, 26 had manic-depressive symptoms
onsistent with a modern diagnosis of BD.
n 20 patients (77%), significant improve-

ent occurred as a result of surgery; these
0 patients were followed for 3 months up
o 4 years. There were no deaths or major
omplications attributed to surgery, al-
hough three patients (4%) experienced
ostoperative seizures (6).

In 1987, the safety and efficacy of anterior
ingulotomies for a range of psychiatric
isorders were first characterized (5). Us-

ng a subjective functional/symptomatic
ating scale, a 56% improvement for pa-
ients with OCD was reported. In 2000,
osgrove (11) reanalyzed these data with

more rigid criteria and found a 33% im-
provement from cingulotomies.

MRI-guided cingulotomy results from
Massachusetts General Hospital from
1991–1995 were reported by Spangler et al.
in 1996 (66). Patients were followed for

–38 months (mean 17 months), and out-
ome was assessed via the Clinical Global
mprovement (CGI) scale and the Current

lobal Psychiatric Social Status Scale t

WORLD NEUROSURGERY 80 [3/4]: S31.e
CGPSS). Patients were considered re-
ponders if they improved on the CGI
cale and were no longer institutionalized
nd usually working to some extent (CG-
SS score �3). Partial responders were
inimally improved or better on the CGI

cale or showed at least some improvement
hile still requiring intensive care or insti-

utionalization on CGPSS (score �2). Of 34
atients in the series, 10 had MDD, and 5
ad BD. Of the patients with MDD, 60%
ere characterized as responders, 10%
ere characterized as possible responders,

nd 30% were characterized as nonre-
ponders. Of the five patients with BD, two
40%) were responders, two (40%) were
ossible responders, and one (20%) was a
onresponder. The authors stated cingu-

otomy is associated with mild, transient
ide effects and reported no major long-
erm complications (66).

More recently, long-term prospective
tudies found a 32%– 48% reduction in
aseline YBOCS scores after cingulotomies
15, 30). Cingulotomies have a relatively low
ate of side effects. A report on the safety of

800 cingulotomies performed at the Mas-
achusetts General Hospital over a 40-year
eriod showed no deaths and only two in-

ections (12).

ubcaudate Tractotomy
ubcaudate tractotomies were first per-
ormed by Knight in 1964 (37). The ratio-
ale was to interrupt white matter tracts
onnecting the orbital frontal cortex and
ubcortical limbic structures by targeting
he substantia innominata (just inferior to
he head of the caudate nucleus) (Figure 2)
36). Knight focused on the last 2 cm of the
esion created by orbital undercutting,

here it entered the subcaudate region.
his selective cortical undercutting led to

mproved results (37), although freehand
rocedures often led to suboptimal lesion

ocalization. The addition of stereotaxy en-
bled standardized lesion localization and
as termed stereotactic subcaudate tractot-
my. Knight used McCaul’s stereotactic de-
ice to insert rods of radioactive yttrium-90
ilaterally into the white matter just below
nd anterior to the caudate. �-radiation
mitted from the rods destroyed white mat-
er 2 mm from the surface of the rod. A

ore recent revision to this procedure re-
laces yttrium-90 rods with thermocon-
rolled high-frequency electrocoagulation,

9-S31.e16, SEPTEMBER/OCTOBER 2013www.WOR
ith lesions stereotactically created via Lek-
ell frame localization in a manner mimick-
ng the size and location of lesions created
y the yttrium-90 rods.

In 1975, Goktepe et al. (21) reported on
208 patients with a mean follow-up period
of 2.5 years; using a categorical outcome
scale, they found a 50% improvement in
patients with OCD after subcaudate tracto-
tomies. Since 1970, the Brook General Hos-
pital in London has performed �1300 sub-
caudate tractotomies for affective disorders
(unipolar or bipolar), OCD, and chronic
anxiety (7). Using global clinical categorical
and symptom rating scales, they reported
40%– 60% of patients led normal or near-
normal lives after 1-year postsurgical as-
sessments. Similar to cingulotomies, sub-
caudate tractotomies are relatively free of
major complications. Edema-induced dis-
orientation is observed in approximately
10% of patients postoperatively and may
last 1 month. Seizures are the most com-
mon long-term complication and are seen
in only about 1.6% of patients. Knight (39)
reported only one death from �1300 cases
examined. More recently, there has been a
case report of one patient with OCD im-
proving after a frameless stereotactic sub-
caudate tractotomy (71).

Hodgkiss et al. (27) reported results of
stereotactic subcaudate tractotomy in 286
patients treated from 1979 –1991 at the
Geoffrey Knight National Unit for Affective
Disorders in London. Diagnostic and fol-
low-up data were available on 249 patients;
183 of these patients had a diagnosis of de-
pression. Outcome was assessed 12 months
after surgery and categorized as recovered
(no symptoms, no additional treatment),
well (mild residual symptoms, little to no
interference with everyday life, may require
medication), improved (significant residual
symptoms), unchanged, and worse. For pa-
tients with depression, 64 (34%) were re-
covered or well, 58 (32%) were improved,
and 57 (31%) were unchanged or worse.
The study did not disclose detailed compli-
cations; however, five patients (3%) in the
depression group died within the 12-month
follow-up period.

Limbic Leukotomy
In 1973, Kelly et al. (33) reported a novel
stereotactic surgical approach focusing on
discrete lesions disrupting connections to

the limbic system. Targets included the

LDNEUROSURGERY.org S31.e13



p
r
s
M
p
t

o
l
e
w
g
c
g
t
(
g
m
c
2
i
p
m
t
p
l
2

i
d
r
w
s
t
p
R
S
Y
R
N
m
6
s
o
(
p
t
i
n
c
T
c
n
(

C

T
f
a
c
a
o

p
g
b
l
c
s
t
t
e
a
p
l
D
t
u
c
b
o
l
s

PEER-REVIEW REPORTS

SHAUN R. PATEL ET AL. PSYCHIATRIC NEUROSURGICAL PROCEDURES
lower medial quadrant of the frontal lobe to
interrupt frontolimbic connections and the
cingulum bundle running above the corpus
callosum to interrupt the Papez circuit (Fig-
ure 2). Lesions around 8 mm in size were
produced with wire loops, blunt instru-
ments, heat, or radioactive materials. Post-
operatively, patients were confused and
drowsy for the initial 24 – 48 hours and then
slowly recovered and returned to psychiat-
ric care.

Kelly et al. (33) assessed 66 patients in
1973 with a mean follow-up of 16 months
after surgery; using a 5-point clinical rating
scale, they reported an 89% improvement in
patients with OCD. In 1993, Hay et al. (24)
reported an improvement in 38% of their 26
patients after surgery. In 2002, Kim et al.
(34) reported a decrease in mean YBOCS
scores from 34 to 3 in 12 patients who un-
derwent limbic leukotomy for OCD; at 45
months after surgeon, 10 of the 12 patients
returned to previously normal state of func-
tion. In 2008, Cho et al. (10) reported a
7-year study of 18 patients who underwent
limbic leukotomy for intractable affective
disorders. They reported significant im-
provements according to rating scales in
depression (Hamilton Depression Rating
Scale), anxiety (Hamilton Anxiety Rating
Scale), and negative symptoms (Negative
Symptom Rating Scale). Short-term side ef-
fects included headache, confusion, leth-
argy, and perseveration (23).

Mitchell-Heggs et al. (51) reported their
results of 66 patients followed for 16
months postoperatively. There were nine
patients with depression, all of whom were
improved at 6 weeks; however, at 16
months, three (33%) were symptom-free,
two (22%) had minimal residual symp-
toms, two (22%) were improved with sig-
nificant residual symptoms, and two (22%)
were unchanged. The authors commented
on 100 patients who underwent the proce-
dure as of publication date and reported
only one serious complication, postopera-
tive memory deficit. Transient confusion,
headache, incontinence, and lethargy re-
solved within a few weeks of surgery.

Montoya et al. (53) reported results of 21
atients who underwent MRI-guided ste-
eotactic limbic leukotomy at Massachu-
etts General Hospital from 1993–1999.
ean follow-up time was 26 months. Six

atients (29%) were diagnosed with refrac-

ory depression. Four patients had previ- p
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usly undergone bilateral anterior cingu-
otomy as well as a second surgery to
xpand these lesions. Lesions were created
ith radiofrequency thermoablation. Tar-
ets were just inferior to the head of the
audate nucleus and the anterior cingulate
yrus, approximately 2 cm posterior to

he tips of the frontal horns. Three patients
50%) were considered responders to sur-
ery according to physician-rated assess-
ents of global functioning. One patient

ommitted suicide postoperatively. Among
1 patients, complications included wound

nfection in 1 patient, persistent complex
artial seizures in 1 patient, short-term
emory disorder in 2 patients, and persis-

ent headaches in 1 patient; minor transient
ostoperative symptoms included somno-

ence (6 patients; 29%), apathy (5 patients;
4%), and seizure (3 patients; 14%).

Limbic leukotomy performed to treat BD
n 16 patients in Taiwan was reported. Ra-
iofrequency thermocoagulation was car-
ied out during 1997–1998, and patients
ere followed for 7 years. Outcome was as-

essed with CGPSS. Additional psychiatric
ests administered included Hamilton De-
ression Rating Scale, Young Depression
ating Scale, Beck Depression Inventory
cale, Hamilton Anxiety Rating Scale,
oung Mania Rating Scale, Brief Psychiatric
ating Scale, Active Symptom Scale, and
egative Symptom Scale. Tests were ad-
inistered annually for 7 years. Of patients,

8.8% had a marked response (CGPSS
core �3, improved and usually working,
r better), 18.8% had a possible response
CGPSS score 2), and 12.6% did not im-
rove or declined. Evaluating the entire bat-

ery of outcome scales revealed significant
mprovement in depressive, anxiety, and
egative symptoms, with no significant
hange in mania and active symptoms.
hree patients experienced minor compli-
ations of local infection, transient halluci-
ations, and extrapyramidal symptoms

10).

ONCLUSIONS

wo important conclusions can be drawn
rom the history and modern outcomes of
blative neurosurgical procedures for psy-
hiatric conditions. First, it is imperative to
dhere to carefully considered guidelines
n the ethical selection of patients for these

rocedures. A multidisciplinary team of

WORLD NEUROSURGERY, http://d
sychiatrists, neurologists, and neurosur-
eons should assess candidacy thoroughly
efore offering surgery. There are no estab-

ished criteria governing how to determine
andidacy for either lesioning or deep brain
timulation (DBS) or how to distinguish be-
ween the two. For the former, institutions
hat offer these procedures have typically
stablished their own criteria, which usu-
lly include refractoriness to conventional
harmacologic and behavioral therapy and

ack of psychotic or Axis II features. For
BS, at the present time, a substantial frac-

ion of procedures are done within the stip-
lations of a clinical trial. Inclusion and ex-
lusion criteria tend to be quite similar
etween lesioning and DBS procedures. In
ur opinion, the consensus reached in the

ate 1970s by the Congressional Commis-
ion (60) provides an excellent framework

by which to determine eligibility for psychi-
atric surgery.

Second, more recent lesioning studies
continue to demonstrate the efficacy and
durability of outcomes in these severely dis-
abled patients. It will be important to com-
pare the outcomes of emerging neurosurgi-
cal techniques such as DBS with the
outcomes accumulated over decades with
lesions. The judicious application of lesion-
ing techniques should continue to be con-
sidered for appropriately selected patients
with severe, refractory psychiatric disor-
ders.
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