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Case Report

Bilateral hypothalamotomy plus dominant 
amygdalotomy with Gamma Knife radiosurgery. A 
non-invasive alternative when everything has failed in 
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Quick Response Code: INTRODUCTION

Impulsive aggression is the core symptom of intermittent explosive disorder, which is characterized 
by episodes of disproportionate physical or verbal attacks without clear triggers and with a 
deliberate intention of destruction.[11] Often, this type of aggression is associated with high levels of 

ABSTRACT
Background: Impulsive aggression is the core symptom of intermittent explosive disorder, which can be a feature 
of several psychiatric disorders. ere is a subset of individuals who do not respond adequately to medical 
treatment; they are treatment refractory. e objective of this report is to describe a case of a patient with a 
background of schizophrenia and concomitant refractory aggressiveness disorder, treated with two-stage bilateral 
hypothalamotomy and unilateral amygdalotomy with Gamma Knife radiosurgery (GKR).

Case Description: A  36-year-old male presented with a background of paranoid schizophrenia. Episodes of 
self-  and hetero-aggressiveness were present at the initial diagnosis. High dosages of psychotropic medication 
were taken, and 70 sessions of electroconvulsive therapy were performed; however, no adequate response was 
obtained. Bilateral hypothalamotomy plus left amygdalotomy through GKR was performed. After 25  months 
of follow-up, a marked decrease in the frequency, degree, severity of aggressiveness and the requirement for 
psychotropic medications was observed.

Conclusion: Hypothalamotomy plus amygdalotomy with Gamma Knife may be an effective ablative technique 
for the management of refractory aggressive disorder in patients with mental illness.
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autonomic arousal and impulsivity,[22] which can be a feature 
of several psychiatric disorders, including schizophrenia, 
some personality disorders, autism spectrum disorder, post-
traumatic stress disorder, and bipolar disorder.[2]

Despite the variety of drugs and doses used to treat 
aggression, there is a subset of individuals who do not 
respond adequately to medical treatment; they are treatment 
refractory. Surgical interventions targeting the amygdala 
or hypothalamus have been proposed for this limited 
population. Exploring non-invasive alternatives in managing 
this pathology is important to achieve adequate control and 
reduction of the disease burden while reducing the risk of 
complications associated with the procedure.

e objective of this report is to describe a case of a patient 
with a background of schizophrenia and concomitant 
refractory aggressiveness disorder, treated with two-stage 
bilateral hypothalamotomy and unilateral amygdalotomy 
with Gamma Knife radiosurgery (GKR).

CASE PRESENTATION

A 36-year-old male bachelor with no background of 
psychoactive substance use or alcoholism was diagnosed 
at age 21 with visual and auditory hallucinations. Paranoid 
schizophrenia was considered. In addition, episodes of 
self-  and hetero-aggressiveness were present from the 
initial diagnosis, triggering, among other injuries, repeated 
craniofacial trauma and a serious open wound on his hand.

He took levomepromazine 250 mg/day, clozapine 1300 mg/day, 
and clonazepam 2  mg every 12  h. In addition, 70 sessions 
of electroconvulsive therapy were performed; however, no 
adequate response was obtained, and prolonged periods of 
hospitalization in the psychiatric unit were required.

e case was discussed on an interdisciplinary medical 
board with psychiatry and neurosurgery. Bilateral 
hypothalamotomy plus left amygdalotomy through GKR was 
proposed [Figure 1]. Before the procedure, informed consent 
was obtained as well as approval from the institutional ethics 
committee (DIB 43–4) was required for this report. Two-
stage management was decided; each one was performed 
under general anesthesia and local anesthesia for fixation 
of the stereotactic frame. e location of the therapeutic 
targets and planning of the radiation dosage were carried out 
through the Leksell Gamma Plan program.

In the first stage, the selected targets were the left 
posteromedial hypothalamus and the central nucleus of the 
left amygdala. e posteromedial hypothalamus was located 
3 mm behind the mid-commissural point, 5 mm below the 
mid-commissural point, and 2  mm lateral to the midline. 
One shot with a 4 mm collimator was used with a maximum 
dose of 125 Gy and isodose of 50%. e central nucleus of 
the left amygdala was located under direct vision in magnetic 

resonance imaging. One shot with a 4  mm collimator was 
used with a maximum dose of 120 Gy and isodose of 50%. e 
duration of this first session was 140 min. After 10 months, 
a second stage treatment was performed where the right 
posteromedial hypothalamus was treated using the same 
dosage and coordinates as the contralateral hypothalamus. 
e duration of this session was 140 min.

Figure  1: T1-weighted MRI shows the planning of the two-stage 
treatment with GKR. a) Axial slide showing the prescription dose 
(62.5 Gy) (yellow circle and green cross) at the level of the left 
posteromedial hypothalamus. e upper green box represents the 
anterior limit of the inter-commissural line (AC) and the lower 
one, the posterior limit (PC). e red plus depicts the amygdala 
treatment level located at lower levels in the axial plane. b) Axial 
slide showing the prescription dose of the central nucleus of the 
left amygdala (60 Gy) (yellow circle and green cross), and the safety 
dose (10 Gy) represented by the green circle. e red plus depicts 
the hypothalamus treatment level located at upper levels in the 
axial plane Ten months after the first treatment, a new MRI was 
performed to plan the second session. c) Axial slide displays the 
coverage dose of the right posteromedial hypothalamus (62.5 Gy) 
(yellow circle), with the safety dose (10 Gy) (green circle), and 
ablative changes at the level of the left posteromedial hypothalamus 
(yellow arrow). e upper red box symbolizes the anterior limit of 
the inter-commissural line (AC) and the lower one, the posterior 
limit (PC). d) Coronal slide demonstrates an ablative effect at the 
level of the central nucleus of the left amygdala (yellow arrow) as 
well as the anteroposterior projection of the inter-commissural line 
(red box). AC: Anterior commissure, PC: Posterior commissure
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For clinical follow-up, 3 scales were used: (1) Modified 
overt aggression scale,[16] composed of 5 categories (verbal 
aggression, aggression against property, auto aggression, and 
physical aggression) with a range score from 0 to 40 points, 
being a higher score, a greater degree of aggressiveness; 
(2) Aggressive Behavior Scale,[18] which classify the frequency 
and severity of aggressiveness into 4 categories: None: 0, 
moderate: 1–2, severe: 3–5, very severe: 6–12 points; and 
(3) Global Assessment of Functioning,[1] which evaluates the 
functioning of patients with mental illness with a score from 
0 to 100, being 100 points the highest degree of functionality.

After 25  months of follow-up, a marked decrease in the 
frequency, degree, and severity of aggressiveness was 

observed [Table 1]. In addition, a considerable improvement 
in the patient’s functional status was achieved, and the 
requirement for psychotropic medications decreased 
(levomepromazine 100  mg/day, Clozapine 400  mg/day, 
and clonazepam 3  mg/day). is improvement occurred 
progressively, being approximately 50% before the second 
stage of treatment. ere were no immediate or chronic 
complications attributable to the treatment.

DISCUSSION

Mental illnesses are a leading cause of disability worldwide. 
Specifically, schizophrenia is a chronic and severe mental 
illness affecting 20 million people worldwide.[7] Individuals 

Table  1: Shows the results of 3 clinical scales used for patient follow-up. e evolution of the intensity and frequency of aggressive 
symptoms and functional capacity was evaluated. e results are described in 3 moments: (1) before the first stage treatment with Gamma 
Knife (Before 1° GKR); (2) before the second stage treatment with Gamma Knife (Before 1° GKR); and (3) at the time of the last follow-up, 
25 months after the beginning of treatment with Gamma Knife radiosurgery (follow-up).

Modified overt aggression scale
Category Score Weights Weighted sum

Before 1° GKR Before 2° GKR Follow-up Before 1° 
GKR

Before 2° 
GKR

Follow-up

Verbal aggression 3 1 0 X1 3 1 0
Aggression against 
Property

3 2 0 X2 6 4 0

Autoaggression 4 2 0 X3 12 6 0
Physical aggression 3 1 0 X4 12 4 0
Total Weighted Score 33 15 0

Aggressive Behavior Scale
Item Before 1° GKR Before 2° GKR Follow-up

Verbally Abusive 2 1 0
Physically Abusive 2 1 0
Socially Inappropriate/
Disruptive Behaviour

1 0 0

Resists Care 3 1 0
Total 8 3 0

Global assessment of functioning
Before 1° GKR Before 2° GKR Follow-up

Score 15 60 70
Description Some danger of hurting self or 

others (e.g., suicide attempts 
without clear expectation of 
death; frequently violent; manic 
excitement) OR occasionally 
fails to maintain minimal 
personal hygiene (e.g., smears 
feces) OR gross impairment in 
communication (e.g., largely 
incoherent or mute)

Moderate symptoms (e.g., flat affect and 
circumstantial speech, occasional panic attacks) 
OR moderate difficulty in social, occupational, 
or school functioning (e.g., few friends, conflicts 
with peers or co-workers)

Some mild symptoms 
(e.g., depressed mood 
and mild insomnia) 
OR some difficulty in 
social, occupational, or 
school functioning (e.g., 
occasional truancy or theft 
within the household), 
but generally functioning 
pretty well, has some 
meaningful interpersonal 
relationships

GKR: Gamma knife radiosurgery
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with schizophrenia or other psychosis have a higher rate 
of aggressive behavior, which can be 4–6  times higher than 
the general population, regardless of the concomitant use of 
psychoactive substances.[5]

e consequences of violent manifestations in the population 
with mental illness can be significant not only for patients 
but also for their immediate community. ese generate a 
high economic and disease burden and also increase the 
social stigma around people with mental illness.[21] It has 
been found that patients with schizophrenia and aggression 
disorder were significantly employed less, experienced more 
lifetime hospitalization episodes, reported taking more 
psychotropic medication, and experienced more depressive 
symptoms.[10]

e primary treatment for aggressive behavior involves the 
use of medications and non-pharmacological treatments 
such as behavioral approaches or electroconvulsive therapy.[4] 
Clozapine may still be the most effective drug in reducing 
aggression. However, its use implies a risk of hematological 
side effects, so full blood count monitoring is required 
throughout the treatment. It may increase the already high 
non-adherence seen in schizophrenia.[3] Furthermore, in 
many cases, it is necessary to use more than one psychotropic 
drug, which can increase the burden of side effects, including 
sedation, akathisia, and dystonia.[15] It is estimated that 
8–30% of patients do not respond to these treatments. For 
this reason, neurosurgical procedures emerge as a therapeutic 
option.[11]

Although abnormalities in various parts of the brain have 
been associated with increased aggression, studies in humans 
and other mammals indicate that the amygdala and the 
hypothalamus are key components of a broader neural 
circuit that modulates aggressive behavior,[19] which is why 
they have become targets of interest for ablative management 
in patients with refractory aggressive disorders.

In 1970, Mark and Ervin published the book “Violence and 
the Brain,”[14] with important contributions from Dr.  José 
Delgado. In their work, the authors explain, based on their 
experience with brain stimulation in patients with temporal 
lobe epilepsy, how pathological aggression and uncontrolled 
violence can be the result of damage to deep structures of 
the temporal lobe, such as the amygdala. ey proposed 
psychosurgery through ablative lesions as a tool for the 
management of pathological aggressiveness, even proposing 
it as a treatment for social or penal rehabilitation of young 
offenders.[6]

e posteromedial hypothalamus is an important sympathetic 
center, so theoretically, ablative treatments at this level could 
generate, among other effects, sympathetic hypertonia 
with an increase in mean arterial pressure, tachycardia, and 
thermoregulatory disruption.[17] Despite this association, 

Gouveia et al.,[8] have reported in a historical review of 
243 published cases where the percentage of permanent 
complications associated with this procedure was low, with an 
improvement in aggressive behavior of approximately 80%.

e amygdala is critical in processing threatening stimuli 
and mediating autonomic, neuroendocrine, and behavioral 
responses.[13] e central nucleus is a prominent output 
region for expressing innate emotional responses and their 
associated physiological processes.[23] e mechanism is 
responsible for the marked reduction in aggressive behavior 
observed after the amygdala lesion could be related to an 
increase in tolerance to provocation and a decline in the level 
of autonomic arousal.[9] Although some cases of a decrease 
in social dominance[20] and Klüver-Bucy syndrome[12] have 
been reported, mainly in bilateral lesions, ablative treatment 
in the amygdala has been reported as safe, with few adverse 
effects and no impairment of overall intelligence and global 
memory.[8,24]

In our case, we decided to perform a two-stage bilateral 
hypothalamotomy and unilateral amygdalotomy due to the 
reported increased risk of complications in bilateral lesions.[8] 
Moreover, we consider that GKR, a non-invasive procedure, 
has a lower risk of complications than other ablative 
techniques, such as bipolar radiofrequency catheter ablation. 
On the other hand, it does not require the implantation of 
external devices (catheters and pulse generators) as in Deep 
brain stimulation, which, although it could be an attractive 
alternative for treating these disorders given the reversible 
nature of its effect, could also increase the anxiety of patients 
with mental illness carrying unusual devices implanted in 
their heads.

CONCLUSION

Hypothalamotomy plus amygdalotomy with Gamma Knife 
may be as effective as other open ablative techniques for the 
management of refractory aggressive disorder in patients 
with mental illness, with a differential capacity to provide a 
better safety profile given its non-invasive nature.
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