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Functional Neurosurgery for Psychiatric Disease

Yoon Ha, MD, PhD,' Chan Hyung Kim, MD, PhD,> Jong Hee Chang, MD,!
Yong Gou Park, MD, PhD,' Sang Sup Chung, MD, PhD,! and Jin Woo Chang, MD, PhD'

'Department of Neurosurgery, *Psychiatry, Institute for Brain Research,
Yonsei University College of Medicine, Seoul, Korea

Despite a long and controversial history, psychosurgery has persisted as a modern treatment option for some sev-
ere, medically intractable psychiatric disorders. The empirical basis of psychosurgery is weak because of the lack
of well-designed investigations. Several carefully conducted studies in which independent evaluation has been
made, however, show convincingly that highly selective stereotactic operations on the brain can benefit some care-
fully selected, chronically ill psychiatric patients with a low rate of unwanted side effects. The goal of this article
is to review the current state of psychosurgery. In this review, the definition of psychosurgery, patient selection
criteria, and anatomical and physiological rationales for anterior cingulotomy, subcaudate tractotomy, anterior
capsulotomy, limbic leukotomy, vagus nerve stimulation and deep brain stimulation are discussed. (Korean J

Psychopharmacol 2003;14(2):99-107)

KEY WORDS : Psychosurgery - Cingulotomy - Subcaudate tractotomy - Anterior capsulotomy - Limbic leukotomy -
Vagus nerve stimulation - Deep brain stimulation.
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Figure 1. Schematic drawings of methods for prefrontal
lobotomy by Freeman and Watts.
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Figure 2. Papez circuits.
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Table 1. Indications of psychosurgery for infractable ob-
sessive compulsive disorders
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Table 2. Postoperative changes in scales for evaluation
of obsessive compulsive disorders

Evaluation Pre-o Post-op 6  Post-op 12
method P month month
Y-BOCS 34.9+ 401 243+ 7.43* 21.5+ 6.61*
(meant S.D.)

CeHs 6.9 483 424
(mean)

CGl 24 21

HAM-D 27.5¢ 11.75 1621+ 0.62* 10.0+ 5.98*
(meant S.D.)

HAM-A " "
(meanz S.D.) 16.1+£ 788 9.2+ 7.12 6.3+ 5.41
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Figure 3. postoperative MRI findings of stereotactic ante-

rior cingulotomy for intractable obsessive compulsive di-
sorder.
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Figure 4. This diagram shows the known connections of
the nucleus tractus solitarius to the parabrachial nucleus
and the locus ceruleus (LC). Lesioning the LC in rafs
eliminates the antiepileptic properties of vagus nerve
stimulation. The LC is the site of many norepinephrine-
containing neurons that have important connections to
the amygdala, hypothalamus, insula, thalamus, orbito-
frontal cortex, and other limbic regions linked to mood
and anxiety regulation.
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Figure 5. Postop skull lateral (A) and brain CT scanning (B) findings of deep brain stimulation.

frontal loop)U 00O 00000 OO0 OOO O OO
O 000 anterior capsulotomyd OO internal cap-
suled anterior limbO0 OO0 OO0 OOOO. OO St
urm 020 nucleus accumbesd OO0 000000
00 000000 o000 0 0 o0o obooo o
0 0000 000 00 00000 0o 0o ooo
oooo.

0000000 O0o0o oob o0.0o00 oo
(neuroimaging)d 000 000000 (neurophysio-
logical evaluation)(1 OO0 OOO0O OOO COOOO
000 000 0000 00 000 oo0oOo oo
00 000 000 0 000 boo oooo oo o
00000 0000 000 0000 0oo oooo.
00 000 000 000 0000 0 oooo oo
0 000 00000 00 000 oooo oo oo
O O0000O. pulse generatord OO0 OO OOOO
00000 MedtronicDO0O OOO OO tunneling O
00 0000 00 000 0 00.00 50 0ood
0000 000 0o000 00 ooooo oo o
000 000 OO0 000 00 ooo oooooao
oooooo.

00 00000 OO0 000 00 0000 pulse
generatorl] OO0 OO OO O0OO OOO OO O
0,000 00,0000 0000, 0000 (parest-
hesia), 000000 OO OO0 0O OO0 OO0 OO
0 00 000 000 00. Benabid 0%°0 00 OO
00 12700 0000 0OOOOOOO OO 00O
(pulmonary embolism)d 00 100 OOO0O0O OO

105



oooo

00 0 00 o000 oo 0oooooooo ooo o
ooo0. 00 200 00 000 00 oooo oo
0 oooo, 300 0o ooo ooo ooo.oo o
00 vd0 0ooodg odoo ood ooo ooo
00,00 00O 000 Oooob oooo. o0 1rG
ooooo oo, 00 0o ocoobo s% oooo
oooodgo ooooo.oobo oo ooooo oo
oodg oboob boooboo 0o bboobg bo
oood ooooo ooo.

5. Psychosurgery® %1%

psychosurgeryll OO0 OO O0O0O0O 0OO00OO O
00 000 0000 000 O 000 00.0000
000 0000 000 00O 0000 ooooo oo
0 0000 000 000 000 o0ooo oooo
000 000O0.000000 oOooo, 0000 oo
000, 0000 OO 000 U0Ob00 0 O oo.
000000 00 0000 0000 000 00 oo
0 00O 000 000 000 oooooo ooo
00 000 00 000.00000 0000 00 0O
0 000 00 000 000 ooooo oo.

0000 000 0000 00 000 O O psycho-
surgeryd 000 000000 OOOOO OO OO
0 000 0O0O.0000 OO0 00 00 (anterior
cingulotomy, subcaudate tractotomy, limbic leukotomy,
anterior capsulotomy)0 0 O0O00O0O0OO OOO
00 000 000 0000 00 oooo ooo o
0 0000.0, 00 limbic structurel 000000
00000 000 oooo.

0000 OO 000000 Doooo ooo oo
00 00 000 0000, 000 oooobo oo, o
00000 00 00000 000 oooo.ooo
O 00000 Pippard postoperative rating scalel
0000 O0000. Pippard scaled 0000 OOOO
000000 1) symptom free 2) much improved
3) slightly improved 4) unchanged 5) worsell 00O
000.0 000 00 0o0ooooo oo ooooo
0 0000 OO0 0O 00 OboOo.o0 10 20 O
0000 00000 D0000O Doooooo oo

106

subcaudate tractotomyd 0 50%, cingulotomy 56%,
limbic leukotomy 61%, capsulotomy 67%0 OO O
00 ooo.

Kullbergd cingulotomy capsulotomyd O0O0O0O
O 000000 capsulotomyd OO 6/130, cingulo-
tomyO OO 3/1300 OO0 O0OOOO OOOOO.
O,0000 00000 capsulotomyd O cingulotomy
00 000 0o0000.00000 000 ooooa
0000 0O 0000 0000 o000 000 oo
0 000 O0000 O0000 o000 Oooo og
00 000 000 000 00 OO0 Ooob ooo
OO0 00 0O 00.00000 cingulotomyd OO O
00000 0000000 OoOOO00 capsulotomy
O limbic leukotomyl OO OO0 OOOO0OO. OO
000 000 000 000 000 ooooo oog
0 00.000 0000 0000 O00. MindusO Ny-
mand 000 OO0 capsulotomyll OO O00O0O0O
0000 000 O 20%000 cingulotomyd 00
45%0 0000 0000 000 0o0o.0oo oo
000 00 00 000 000 OO0 ooooo o
000 000 000 oo,

OO0 00 000 000 psychosurgeryd OO0
0000 OO 000 O0(radiation dose)d OO O
00 000 000 0o0ooo0oo 0oo 0o ooooao
0 00 0000 00 000 000 0Doooo oo
00 O00.000 Doo0ooo ocooooo oo
O OO ODOOO OO ODOO0O psychosurgeryt O
O 00 0ooooo.

00 ODO000 0ooo0oOoo ooooo ooo
000 000 00 O 000 0oo0o ooo ooo
0 00000 000 00.00 0000 oooo
o000 000,000,000 0 oooooo o
00 000000 0000 0000 000 ooo
oooo.

2 E

ooooo 0o 0oou oo ooo ooo ooo
oodg oooob, 0o ooo, oo oooo oooo

Korean J Psychopharmacol 2003;14(2):99-107



O OO0 O O0. psychosurgeryll OO0 OO OO
00 0000 0000 00 000 ooo Oobo o
0 00000 0O0.000 0000 ooooo oo
0 0000 00 000 00000 0o 0oo oo
0 000 0000 oo000 ooooo oo. oo
00000 psychosurgerydl 0 OO0 OO0 O0OO
0 00 00000 0000 ooo oo.oo0, 00
000 000 000 000 oo0oooo ooo oo
00 00 000 00 0000 ooooo oo oo
000 00oooo oo.

a1

o

MO

1) Burckhardt G. Uber Rindenexcisionen. als Beitrag zur operativen
Therapie der Psychosen. Z psychiatr 1891:47 :463-548.

2) Hollander B. The Mental Symptoms of Brain Disease. New York,
Rabman Co, Vol9-13;1910. p.155-220.

3) Fulton JF, Jacobsen CF. Fonctions des lobes frontaux: etude com-

paree chez 'homme et les singes chimpanzes. In Proceedings of

the International Neurological Congress, London;1935. p.552.

4) Moniz E. Prefiontal leucotomy in the treatment of mental disor-
ders. Am J Psychiatry 1937;92:1379-1385.

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

6) Freeman W, Watts JW. Psychosurgery' Intelligence, emotion and
social behavior following prefrontal lobotomy for mental disorders.
Springfield, Charles C Thomas;1942.

7) Tooth JC, Newton MP. Leucotomy in England and Wales 1942-
1954. Reports on public health and medical subjects No. 104.
London, Her Majestys Stationary Office;1961.

8) Freeman W. Transorbital leucotomy. Lancet 1948:2:371-373.

9) Foltz EL, White LE Jr. Pain relief by frontal cingulotomy. J Neu-
rosurg 1962;19:89-94.

10) Knight GC. The orbital cortex as an objective in the surgical
treatment of mental illness. The development of the stereotactic
approach. Br J Surgery 1964;51:114-124.

11) Bingley T, Leksell L, Meyerson BA. Long-term results of stereo-

o 0o

tactic capsulotomy in chronic obsess-sive compulsive neurosis. In
Sweet WH, Obrador S, Martin-Rodriguez JG (eds) : Neurosurgi-
cal Treatment in Psychiatry, Pain and Epilepsy. Baltimore, Uni-
versity Park Press;1977. p.287-289.

12) Papez JW. A proposed mechanism of emotion. Arch Neurol
Psychiatry 1937:38:725-743.

13) McLean PD. Some Psychoatric implications of physiologic studies
on the frontotemporal portion of limbic system. Electroenceph
Clin Neurophysiol 1952;4:407-418.

14) Knight GC. Bifiontal stereotacitc tractotomy: An atraumatic ope-
ration of value in the treatment of value in the treatment of
psychoneurosis. Br J Psychiatry 1969,115:257-266.

15) Goktepe EO, Young LB, Bridges PK. A4 further review of the
results of stereotactic subcaudate tractotomy. Br J Psychiat
1975:126:270-280.

16) Fulton JE. frontal Lobotomy and Affective Behavior: A Neurophy-
siological Analysis. New York, WW Norton;1951.

17) Ballantine HT Jr, Bouckoms AJ, Thomas EK, Giriunas IE. Treat-
ment of psychiatric illness by stereotactic cingulotomy. Biol
psychiatryl987:22:807-819.

18) Kelley D, Richardson A, Mitchell-Heggs N. Stereotactic limbic
leucotomy: Neurophysiologic aspects and operative technique.
Br J Psychiatry 1973;123:133-140.

19) Mitchell-Heggs N, Kelley D, Richardson A. Stereotactic limbic
leucotomy-A follow-up at 16 months. Br J Psychiatry 1976;128:
226-240.

20) Talairach J, Hecaen H, David M. Lobotomie prefiontale limitee
par electrocoagulation des fibres thalamo-frontalis a leur emer-
gence du bras anterior de la capsule interne. Proceedings of the
4th Congress Neurologique Internationale. Paris, Masson;1949.
p.141.

21) Mindus P, Nyman H. Normalization of personality characteristics
in patients with incapacitating anxiety disorders after capsulotomy.
Acta Psychiatr Scand 1991,83:283-291.

22) Nuttin B, Cosyns P, Demeulemeester H, Gybels J, Meyerson B.
Electrical stimulation in anterior limbs of internal capsules in
patients with obsessive-compulsive disorder. Lancet 1999:354:
1526.

23) Abbott A. Brain implants show promise against obsessive disor-
der. Nature 2002419 (6908) :658.

24) Benabid AL, Pollak P, Louveau A, Henry S, de Rougemont J.
Combined (thalamotomy and stimulation) stereotactic surgery of
the VIM thalamic nucleus for bilateral Parkinson's disease. Appl
Neurophsiol 1987 50:344-346.

107



