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Deep-Brain Stimulation for Aggressive and Disruptive Behavior
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INTRODUCTION

Deep-brain stimulation of the posterior hy-
pothalamus originally was introduced to
treat trigeminal autonomic cephalalgias re-
sulting from activation of the hypothala-
mus during bouts of pain (4, 10). Patients

ho experience chronic cluster headaches
ften present with aggressive bouts during

he pain attacks (19). In the past, the poste-
rior hypothalamic region (pHyp) was used
as the target for lesioning in patients with
aggressive behavior, epilepsy and, mental
retardation (1, 2, 12-17). Then, disruptive
behavior was found to be induced by acute
electrical stimulation within the so-called
“triangle of Sano” in a Parkinsonian patient
(2). The existing connections between the
pHyp, the amygdala, and the Papez circuit
(18) may explain the role of the pHyp in the
development of disruptive behavior. The ra-
tionale for using pHyp as the target for the
treatment of this pathologic condition is
determined by the crucial role of this struc-
ture within the limbic loop, which appears
to be dysregulated according to the results
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from several clinic and experimental data
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(5, 9, 13-16). We offered pHyp DBS to se-
verely impaired patients affected by refrac-
tory aggressive behavior and mental retar-
dation. The first surgery was performed in
2002 (5). The aim of this report is to de-
scribe our technique and long-term fol-
low-up in seven patients.

METHODS

Since 2002, we have administered DBS of
the pHyp region to seven patients (ages
20 – 68 years; one female) affected by refrac-
tory aggressive behavior. The lack of coopera-
tion from all patients, which was attributable
to the severity of both the disruptive behavior
and of the most prominent comorbid con-
dition (mental retardation) prevented us
from performing specific neuropsycho-
logic assessments; the only evaluation
scales we used were IQ and the Overt Ag-
gression Scale. These scores are summa-
rized in Table 1. All patients were of below-
average IQ. Two patients had refractory
generalized multifocal epilepsy. The patho-
logic conditions associated with their dis-
ruptive behavior were: (1) posttraumatic bi-
lateral damage of the temporomesial

� OBJECTIVE: To describe our institu
lation (DBS) used in the treatment
refractory to conservative treatment.

� METHODS: With stereotactic meth
even patients (from 2002 to 2010) wer
egion, bilaterally, and with the aid o

RESULTS: Six of seven patients pre
nd disruptive bouts, with subsequent

CONCLUSIONS: DBS of the poste
ffective treatment for patients affected
nd drug-refractory aggressive behavio
ata are available on this target, furt

ong-term efficacy and safety of this p
structures in one case; (2) congenital (un-

TH 2012
known origin) in four cases; (3) congenital
toxoplasmosis (the findings of magnetic
resonance imaging [MRI] of the brain were
normal in these patients); and (4) brain
ischemia attributable to cardiac arrest in
one case (findings from MRI demonstrated
only diffuse damage of frontal cortex).

The Ethical Committee of our institution
approved the surgical procedure in all of the
patients, taking into account the chronicity
and severity of the condition, the related bur-
den to families, and the refractoriness to con-
servative treatments. The relatives of all of the
patients provided their written consent after a
detailed explanation of its hypothetical ratio-
nale and of the surgical risks was given.

The stereotactic implantation was per-
formed with the Leksell frame (Eleckta,
Stockholm, Sweden) under general anes-
thesia in all patients. Preoperative antibiot-
ics were administrated to all patients. A pre-
operative MRI (brain axial volumetric fast
spin echo inversion recovery and T2 im-
ages) was used to obtain high-definition
images for the precise determination of
both anterior and posterior commissures
and midbrain structures below the commis-
sural plane, such as the mammillary bodies
and the red nucleus. MRIs were fused with

l experience with deep-brain stimu-
aggressive and disruptive behavior

logy and under general anesthesia,
en DBS in the posterior hypothalamic
aoperative microrecording.

d a clear reduction in the aggression
plification of familiar management.

hypothalamic region could be an
mental retardation in whom disruptive
exists. Although several experimental
studies are necessary to confirm the
dure.
tiona
of

odo
e giv
f intr

sente
sim

rior
by

r co
her
roce
2-mm thick computed tomography (CT)
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T2
slices that were obtained under stereotactic
conditions by the use of an automated tech-
nique that is based on a mutual-informa-
tion algorithm (Frame-link 4.0, Sofamor
Danek Steathstation; Medtronic, Minneap-
olis, Minnesota, USA).

The workstation also provided stereotac-
tic coordinates of the target: 3 mm behind
the midcommissural point, 5 mm below
this point, and 2 mm lateral from the mid-
line. A possible error in this intervention
could be attributable to the anatomical indi-
vidual variability of the angle between the
brainstem and the commissural plane. To
correct this possible error, we introduced a
third anatomical landmark, which allowed
final target registration. We called this
landmark the “interpeduncular nucleus” or
“interpeduncular point,” and it is placed in
the apex of the interpeduncular cistern 8
mm below the commissural plane at the
level of the maximum diameter of the mam-
millary bodies (6). The Y value of the defin-
itive target (anteroposterior coordinate to
the midcommissural point in the classical

Table 1. General Patient Data, with a Co

Patient 1

Age at surgery, years 26

Supposed cause of
disruptive behavior

Idiopathic P
to

Previous treatments Chlorpromazine Thioridazine
Clotiapine Carbamazepine
Clonazepam Valproate

C
Q

Brain MRI Normal N

IQ �20

Pre-op OAS 10

Post-op OAS 1

Follow-up, years 9

The related scores refer to the most severe violent attack
MRI, magnetic resonance imaging; OAS, Overt Aggression

Table 2. Electrophysiologic Characteristic

Diagnosis
Numbe

Cell

Aggressive behavior and epilepsy 4

Aggressive behavior and head injury 10

Total 14
SD, standard deviation.

2 www.SCIENCEDIRECT.com
id commissural reference system) was
orrected in our patients, and the definitive
arget coordinate was chosen 2 mm poste-
ior to the interpeduncular point instead of

mm posterior to the mid-commissural
oint. A dedicated program and atlas has
een developed and is freely available on the

nternet to get the proper coordinates of the
arget (www.angelofranzini.com/BRAIN.
tm).

During the surgical session, all patients
eceived general anesthesia. Target control
nfusion was used. This method of intra-
enous infusion of anesthetic drugs has
een studied for its ability to achieve targeted
lood or effect-site concentration for selected
rugs. Maintaining a constant plasma or ef-
ect compartment concentration of an intra-
enous anesthetic requires continuous ad-
ustment of the infusion rate according
o the pharmacokinetic properties of the
rugs, which can be achieved by commer-
ially available target controlled infusion
umps (in our study, we used Injectomat
gilia, Fresenius Kabi, France).

ison Between Preoperative and Postopera

2 3 4

34 21 64

l
mosis

Idiopathic Post-anoxia

mazine
ne

Chlorpromazine Clotiapine
Bromazepam Haloperidol

Promazine
Clonazepam

Normal Bilateral frontal
cortical atrophy

20 40 30

8 10 9

3 3 9

8 5 4

ed by relatives and caregivers both in the overall preoperat
.

Explored Cells in Two Patients

Mean Firing
Rate, Hz SD, Hz Minimum\M

19 13 6\

10 10 2\

13 12 2\
WORLD NEUROSURGERY, http://d
A rigid cannula was inserted through a
-mm, coronal, paramedian twist-drill hole
nd placed up to 10 mm from the target. This
annula was used as both a guide for microre-
ording and for the placement of the defini-
ive electrode (Quad 3389; Medtronic).

As far as microrecording is concerned, in
wo patients spontaneous neuronal activity
as recorded along four trajectories (two in

ach patient). Along the trajectories, it was
ossible to identify several types of firing dis-
harge rates and patterns. Of the several re-
orded neurons, a total of 14 cells located
ithin the posterior hypothalamus were fur-

her analyzed. None showed either activation
r inhibition after tactile and pin-prick stimu-

ation. The average firing rate for these cells
as 13 Hz (Table 2), although nine cells

64%) showed a low-frequency discharge at
round 5 Hz, and the remaining five cells
36%) discharged at greater frequencies (26
z). Several firing patterns have been noticed:

our cells exhibited tonic regular discharge,
our cells exhibited tonic irregular discharge,
our exhibited a bursting discharge, and two

AS Scores

5 6 7

37 20 43

-traumatic Idiopathic Idiopathic

azepam Diazepam
azine Haloperidol

Promazine
Chlorpromazine
Clonazepam

Promazine
Lorazepam
Haloperidol

teral temporal poren-
aly

Normal Normal

�20 30 �20

8 10 10

3 0 4

4 3 1

postoperative periods.

m, Hz Firing Pattern Rhythmicity

Phasic 7–8 Hz

Regular\irregular Random
mpar tive O

erinata
xoplas

Post

hlorpro
uetiapi

Clon
Prom

ormal Bila
ceph

�

report ive and
s of

r of
s aximu

33

32

33
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115
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had a sporadic firing. Periodicity was de-
scribed in five units (four bursting and one
regular), but the remaining one randomly
fired (3). Microrecordings within the pHyp
were performed within 2 mm of the stereotac-
tic coordinates (specifically, as stated previ-
ously, 2 mm lateral to the commissural line, 3
mm posterior to the MCP, and 5 mm below
the commissural line).

It is important to note that there is no clear
evidence of the neurophysiologic characteris-
tics of either the superior or inferior borders
of the nucleus. However, the presence of
greater firing rates more than 5 mm from the
target may suggest that the microelectrode is
passing through the thalamus, whereas the
lack of neuronal activity at the target site and
beyond may indicate that the microelectrode
is not in the pHyp but in adjacent structures
(that is, the interpeduncular cistern at the in-
ferior border).

No vegetative responses or cardiovascu-
lar effects were elicited by intraoperative
macrostimulation at therapeutic parame-
ters (185 Hz, 80 microseconds, from 1 to 3
volts). At increasing charge density above
this level, internal gaze deviation was ob-
served in all cases. When side effects were
ruled out at the standard parameters of
stimulation, the guiding cannula was re-
moved and the electrode secured to the
skull with microplates.

Postoperative stereotactic CT was per-
formed to assess the positioning of the elec-
trode and rule out complications (Figure 1).
A bilateral implantable pulse generator
(IPG; Soletra; Medtronic.) was placed in the

Figure 1. Postoperative computed tomography
scan showing the electrode tips at the level
of the posterior hypothalamic region,
bilaterally.
subclavicular pocket and connected to the p

WORLD NEUROSURGERY xx [x]: xxx, MON
rain electrode for chronic electrical stimu-
ation. The parameters of chronically deliv-
red electrical currents were 185 Hz, 60 to
0 microseconds, and 1 to 3 volts in unipolar
onfiguration with case positive. The current
mplitude was progressively increased until
he impairment of ocular movement, a side
ffect, was reached in all cases.

ESULTS

ollow-up cases ranged from 1 to 9 years of
ge. Case 1’s self-aggression promptly
topped, and bursts of uncontrolled vio-
ence became less frequent, disappearing
ompletely within 3 weeks. The patient re-
urned to family and began to attend a ther-
peutic community for mentally impaired
atients. Generalized epileptic seizures dis-
ppeared, and partial seizures and absences
ere reduced 50%. Antiepileptic drug ther-

py was continually checked and was re-
uced to 30%.

Case 2 had an immediate disappearance
f violence bursts and was discharged from

he institution where he had been hospital-
zed for a long time. Major bed contention

as withdrawn, and he was charged to a
herapeutic community for mentally dis-
bled patients. Three years later, after the
PG was temporary turned off for knee sur-
ery, the patient’s violent behavior re-

apsed, and when the chronic stimulation
as restored, the therapeutic effect resulted

onsiderably reduced despite the increase
n current amplitude, which could not be set
reater than 2 volts because of the appear-
nce of side effects. The psychiatrists who
ad the patient in their charge suggested a
ossible evolution of the original disease to
xplain the loss of the therapeutic effect.

ith the IPG turned on, the burst of vio-
ence are still less frequent and less intense
han in the absence of stimulation.

Case 3 had a marked reduction of the rate
nd duration of the violence attacks only
hen the amplitude of stimulation was set

o 1.8 volts few months after surgery. This
atient is still quiet, and her social activities
ave improved consistently. Now she is able

o attend dedicated community and her
amily integration is good. Violence bursts

ay appear only if the patient is provoked
y adverse events.

Case 4 had only an improvement in sleep
abits (before surgery, he slept only 2 hours

er night, and after surgery he sleep more g

TH 2012
han 6 hours per night). His behavior was
ot affected by the stimulation despite the
lectrical current increased to 2 volts’ am-
litude. Two years after surgery, the stimu-

ator was turned off but the improvement of
leep was not reverted to the preoperative
ondition, and at 3 years follow-up, the pa-
ient still sleeps more than 6 hours per
ight. The same patient had a stable de-
rease of arterial pressure, and all antihy-
ertensive drugs could be withdrawn; this
ffect is still persists despite the IPG being
urned off.

Case 5 had a prompt, marked improve-
ent of aggressive behavior, and care by the

amily became consistently easier. The ther-
peutic effect persisted at 1-year follow-up,
ut when both IPGs were turned off, the
iolent behavior reappeared within a few
ours. The left IPG had been removed be-
ause of skin erosion (but has been subse-
uently reimplanted) and the therapeutic
ffects seemed to be sustained only by the
ight-side stimulation of the pHyp; the re-
mplantation of the left IPG anyway led to
urther reduction of the frequency of violent
utbursts.

At 1-year follow-up, in case 6 the rate of
pileptic seizures decreased to 50% of the
reoperative condition just during the early
ostoperative weeks. In this patient the in-
ertion of the second electrode at the target
as immediately followed by the disappear-

nce of interictal epileptic activity from the
calp electroencephalogram (EEG). During
his intervention, infusion of a constant
oncentration of propofol was maintained,
hus excluding the role of intraoperative an-
sthetics in the change in EEG activity. Any-
ay, no postoperative EEG was performed

or this patient. The aggressive behavior has
ompletely disappeared.

Case 7 had prompt disappearance of
verall disruptive behavior; aggressive
outs now occur only episodically (about
nce every 2 months), but their duration
nd intensity is remarkably reduced (from
bout 9 –10 episodes per day to 2–3 epi-
odes per month). This improvement is
resent at the last follow-up, conducted 1
ear after the intervention.

ISCUSSION

his series shows that patients affected by
ental retardation in whom violent and ag-
ressive behavior is associated could consis-
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tently benefit from high-frequency stimula-
tion of the pHyp. No patient worsened after
surgery, and no patient developed new neuro-
logic symptoms in our series. The patients
affected by drug-refractory epileptic syn-
dromes also showed a marked decrease of fre-
quency of epileptic episodes, and in both
cases the pharmacologic therapy was consis-
tently reduced. This observation was reported
also by Espinosa et al., who used high-fre-
quency stimulation to the pHyp to treat a pa-
tient with aggressive behavior and epileptic sei-

ures (personal communication and poster
resentation at the meeting of the AASFN held

n Boston, June 2006). Experimental data are
lso available on this topic (11).

Besides our series, two other cases
reated with posterior hypothalamic DBS
ave been reported in the literature; Her-
ando et al. (8) reported the case of a 22-

year-old patient with drug-resistant aggres-
sion and comorbid mental retardation who
presented a significant improvement at a 18
months’ follow-up; low-frequency stimula-
tion was used in this case. Kuhn et al. (9)
reported the case of a 22-year-old woman
with self-mutilating behavior after severe
traumatic brain injury. This patient experi-
enced a resolution of symptoms 4months
after beginning DBS.

CONCLUSION

In conclusion, the reversibility and the pos-
itive effects of pHyp chronic stimulation
make this procedure ethically acceptable in
mentally retarded patients with violent ag-
gressive behavior. Our knowledge about the
mechanisms that underlie pathologic ag-
gressive and impulsive behavior is still in-
complete; nonetheless, it has become clear
from previous experimental studies that
some specific structures play a role in the
pathogenetic mechanism. Our group in the
first article published on this topic (5)
pointed out the role played by structures
connected to the posterior hypothalamus
(amygdala, dorsomedial thalamus, and or-
bito-frontal cortex) through loops reverber-
ating within the limbic circuit; in 1988 Sano
and Mayanagi (14) hypothesized the caus-
ative role of an imbalance between the “er-
gotropic” and the “trophotropic” circuits in
favor of the former, thus justifying the use
of a lesion in the “ergotropic” posterior hy-
pothalamus to treat these patients. Kuhn et

al. (9) also considered the role of zona in-

4 www.SCIENCEDIRECT.com
certa cells and their connections with the
thalamus, superior colliculus, and pon-
tomesencephalic tegmentum in the regula-
tion of mood and circadian rhythms, given
the proximity of this structure to the poste-
rior hypothalamic area.

The possible adjunctive benefits of stim-
ulation may include the control of refractory
epilepsy, which sometimes is associated
with these complex syndromes. At any rate,
the reported methodology is the only neu-
romodulation procedure available to treat
disruptive and aggressive behavior, and it is
still the only alternative to classical lesional
surgery; furthermore, it should be empha-
sized that DBS is a reversible treatment that
may help patients chronically isolated in men-
tal institutions to be integrate into society.
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