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Abstract

Some patients with autism and severe intellectual disability may experience uncontrolled aggression, causing serious
injury or harm to others, and the therapeutic ineffectiveness of traditional pharmacological and behavioral treatment
may aggravate symptoms. Deep brain stimulation (DBS) has been tested in patients with little evidence in children
and adolescents. Therefore, we analyzed the efficacy and safety of DBS in refractory aggression in pediatric subjects
with autism (ASD) and severe intelligence deficit (ID).

Methods A meta-analytic review of Web of Science (WOS) and Scopus articles, following Prisma criteria. A total

of 555 articles were identified, but after applying the inclusion criteria, only 18 were analyzed. The review of the reg-
istries and the extraction of information was performed by 2 independent groups, to reduce the evaluator’s bias.
For the description of the results, pediatric patients with ASD or ID present in each registry, with an application

of specialized scales (Overt aggression scale, OAS, and THE modified version of the OAS, MOAS) pre and post-DBS,
with a clinical follow-up of at least 12 months, were considered valid. Clinical improvement was calculated using
tests of aggressiveness. In each registry with available data and then pooling the means of all patients in the OAS
and MOAS, the effect size of DBS (overall and per study) was estimated. Finally, the adapted NOS scale was applied
to rate the studies'quality and level of bias.

Results In the studies analyzed, 65/100 were pediatric patients, with a mean age of 16.8 years. Most of the studies
were conducted in South America and Europe. In all teams, aggressive behavior was intractable, but only 9 groups
(53/65) applied specialized scales to measure aggressiveness, and of these, only 51 subjects had a follow-up of at least
12 months. Thus, in 48/51 a clinical improvement of patients was estimated (94.2%), with a considerable overall effect
size (OAS: d=4.32; MOAS: d=1.46). However, adverse effects and complications were found in 13/65 subjects under-
going DBS. The brain target with the most evidence and the fewest side effects was the posteromedial hypothalamic
nuclei (pHypN). Finally, applying the adapted NOS scale, quality, and bias, only 9 studies show the best indicators.
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Conclusion An optimal level of efficacy was found in only half of the publications. This is mainly due to design errors
and irrelevant information in the reports. We believe that DBS in intractable aggressiveness in children and adoles-
cents with ASD and severe ID can be safe and effective if working groups apply rigorous criteria for patient selection,
interdisciplinary assessments, objective scales for aggressiveness, and known surgical targets.
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Introduction

Aggressive, self-injurious and uncontrolled behavior usu-
ally occurs in a subset of pediatric patients with autism
(ASD) and severe intellectual disability (SID). Dysfunc-
tional behavior and aggressive and maladaptive responses
are typical in these subjects [1, 2]. Severe forms of ASD
and ID put the safety and well-being of patients at risk,
creating a challenge for the family and caregivers [3]. As
a result, these subjects are subjected to direct mechanical
coercive restraint measures, using protective helmets to
avoid craniofacial fractures, gloves, and restraint belts to
avoid self-mutilation and injuries to third parties [3-5].
Moreover, the consequences of highly aggressive behav-
iors are aggravated by the ineffectiveness and refractori-
ness of symptoms to pharmacological and psychological
treatment [6]. The main medications to manage or reduce
persistent aggression usually include antipsychotic drugs,
with or without benzodiazepines, mood stabilizers,
antiepileptics, alpha-2 agonists, beta-blockers, lithium,
and selective serotonin reuptake inhibitors, among oth-
ers. Unfortunately, despite the combination of drugs and
doses used, due to the severity of the clinical symptoms,
some of these patients remain refractory to treatment [7,
8]. Unfortunately, despite the combination of drugs and
doses used, the severity of clinical symptoms forces to
classify these patients as untreatable [7].

For this subset of patients with uncontrolled aggres-
sion, neurosurgical interventions have been developed
[9]. Deep brain stimulation (DBS) involves the implan-
tation of electrodes in specific brain regions, where a
neurostimulator applies electrical impulses to treat neu-
rological and psychiatric pathologies refractory to con-
ventional treatment. DBS is an effective, reversible, and
safe treatment for a wide variety of intractable clinical
conditions [7, 10, 11]. It is especially effective for patients
with dangerous, self-injurious or third-party injurious
behaviors resistant to traditional treatment [6, 9, 12—14].

Due to the frustration and refractoriness of pharma-
cological and behavioral treatments, DBS is gaining par-
ticular interest among specialists and family members
[15, 16]. Unfortunately, the evidence for the application
of DBS in children and adolescents is progressing slowly
[17]. Therefore, the aims of this study were: 1) to sum-
marize the current knowledge on the effectiveness and
safety of DBS for aggressive and intractable behavior in

pediatric patients with ASD and SID; 2) to analyze the
technical aspects of DBS, and 3) to estimate the quality
levels of available studies.

Method

The Prisma guidelines [18] were followed for the meta-
analytic review. The search strategy consisted of an
exhaustive literature review by consulting WOS (Web of
Science) and Scopus databases on July 28, 2023; using the
following search criteria, which were limited to human
studies, in English and Spanish: SCOPUS: ( ALL ( ALL
(“Deep brain stimulation”) OR ALL (dbs) AND ALL
(aggressiv*) AND ALL (autism) OR ALL (“Autism Spec-
trum Disorder”) OR ALL (“Intellectual disability”)) AND
(LIMIT-TO ( DOCTYPE, “ar”) OR LIMIT-TO ( DOC-
TYPE, “le”)) AND (LIMIT-TO ( LANGUAGE, “English”)
OR LIMIT-TO ( LANGUAGE, “Spanish”)). WOS: “Deep
brain stimulation” (Topic) OR DBS (Topic) OR Neurosur-
gery (Topic) AND Autism (Topic) OR “Autism Spectrum
Disorder” (Topic) OR “Intellectual disability” (Topic)
AND aggressiv* (Topic) OR “aggressive behavior” (Topic)
OR “Intractable aggressiveness” (Topic) AND “disruptive
behavior” (All Fields) and Article or Letter (Document
Types) and English or Spanish (Languages) and “Deep
Brain Stimulation” (Search within all fields) and Children
(Search within all fields).

Procedure

A double-masked procedure was applied to select
the studies. A first working group (DA, JE, BM, NC)
reviewed each article’s title, abstract and keywords,
applying the following inclusion criteria: patients
undergoing DBS with intractable aggression; with
Autism or Intellectual Disability; minors (children or
adolescents). The American Pediatric Society guide-
lines were followed, which establish the pediatric pop-
ulation aged 21 years or younger [19, 20]. In contrast,
we excluded studies that would apply other neuro-
modulation techniques, focused on adults (>22 years),
that would apply DBS in pediatric populations with
other disorders, or that did not intervene in refrac-
tory aggressiveness. Then, a second working group (A,
B, C, D, E) extracted the information from the selected
records and eventual discrepancies were resolved with
the principal investigators (JCBI/NL).
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Statistical analysis

For the description of the results, only pediatric subjects
included in each selected article were accepted as valid,
with objective assessment of aggressiveness and post-
surgical follow-up of at least 12 months. Considering
that several registries applied DBS to children and adults
or did not have disaggregated or complete information,
such as test means, standard deviation, and effect size, we
performed an exhaustive review of each study. We con-
structed these statistical values or consulted each study’s
principal authors to obtain the missing information. We
selected objective and specialized scales assessing aggres-
sion (OAS, MOAS, BPAQ) with available data and a
pre-post DBS application to calculate the percentage of
clinical improvement. Then, Student’s t was applied to
each study separately, and Cohen’s d was used to calcu-
late the effect size of the DBS for significant results [21].
The interpretation of Cohen’s d is a small effect (0.15-
0.40), a medium effect (0.40-0.75) and a significant effect
(+0.75). Likewise, a pre-and post-DBS intragroup analy-
sis was performed with a Student’s t-test, grouping the
mean scores and the standard deviation obtained by all
patients in the aggressiveness tests; this to estimate the
overall effect size of the DBS on the aggressiveness of the
participants. All analyses were processed with SPSS 25
software.

Evaluation of study quality and bias

Subsequently, the quality of the studies was analyzed
using the adjusted version of the Newcastle—Ottawa
Scale (NOS) for non-comparative cohort studies. In
meetings with the work team, we adjusted the NOS ques-
tions, considering the relevant information that stud-
ies of this type should contain [22—25]. The result was 5
questions summarizing the NOS Scale criteria adjusted
to studies with DBS. Each item is scored as positive (1)
or negative (0). The questions were as follows: 1) Did the
sample represent all the patients treated at the medi-
cal center, i.e., were all the patients treated in the period
studied included in the study (1 point)? 2) Was there a
correct diagnosis (ASD/ID) (0.5 points) and adequate
identification of the clinical problem? ILe. intracta-
ble, drug-resistant, or uncontrolled aggressiveness (0.5
points). 3) Was the postoperative follow-up period
equal to or greater than 12 months (1 point). 4) Were all
important data cited in the report? That is, was there an
adequate clinical evaluation (0.25 points), as well as a rel-
evant psychometric assessment (0.25 points); in addition,
were the implantation (0.25 points) and brain stimulation
parameters reported (0.25 points)? (0.25 points). 5) Were
the results obtained by applying objective and specialized
scales for aggression (1 point)?

Page 3 of 19

Finally, we evaluated the bias in the records consider-
ing the NOS scale. The evaluation guideline contained 4
dimensions: 1) Selection of participants, which included
aspects of representativeness and selection criteria; 2)
Comparability, which was based on the review of meth-
odological aspects of the registries, to identify the tech-
nical rigor in the procedure of each design; 3) Results,
where we reviewed whether the studies reported clini-
cal improvement, objective measures of comparison,
surgical parameters, side effects and complications; 4)
Adequacy of follow-up, mainly preoperative and postop-
erative with a minimum of 12 months in both cases (See
supplementary data 1: Bias assessment guideline).

Results

Results of the bibliographic search

The summary of the study selection process can be seen
in Fig. 1. The initial search focused on studies in English
and Spanish, identifying 555 records (293 from WOS and
262 from Scopus). No studies were obtained from other
sources, considering these two databases contain the
most relevant global publications. After excluding dupli-
cate records [7], 548 studies were selected for screening.
After a review of the title, abstract and keywords, 530
articles were excluded for the following reasons: other
diseases or syndromes [26], other disorders [27], not rel-
evant topics [28], other types of study [29], techniques
other than DBS [30], patients were not surgically inter-
vened (304). Therefore, 26 studies in English and Span-
ish were chosen for the complete review. Of these, 8 were
excluded, as they did not meet the criteria of age (1), or
diagnosis of intellectual disability, ASD, and aggressive-
ness (2), did not intervene surgically (3), published data
from previous studies (1) and did not record cases of
aggressiveness (1) (See supplementary data: Excluded
studies). Finally, 18 publications met the inclusion crite-
ria and were analyzed.

Characteristics of the studies

According to Table 1, of the total number of stud-
ies selected, 7 were conducted in Colombia; of these, 4
were conducted in a single center located on the north-
ern coast of the country [23-25, 31] and 3 in the central
[32-34]. Another 8 registries were conducted in Europe,
2 in the USA and one in Korea. The articles selected,
were retrospective studies or case reports, published
between 2010 and 2023 in English. In all studies, DBS
was applied to 100 subjects, of which 65 corresponded
to pediatric patients. Of the latter, 57/65 had intellectual
disability (Severe: 23.08%; Moderate: 13.85%), 16/65 had
Autism (severe: 10.77%), and 10/65 had mixed comorbid-
ity (Severe: 12.31%). However, the severity of the disor-
ders was not comprehensively reported in all cases [33,
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Fig. 1 Prism flow chart of the study

35, 36]. The same situation occurred with the sex of the
patients [12, 24, 31, 37], managing to identify only 22
males and 7 females. The average age at the time of sur-
gery was 16.86 years (Range: 10 to 21 years).

Clinical information and follow-up

As shown in Table 2, in 79% of patients (49/65), the etiol-
ogy of aggressive behavior was defined as “cryptogenic”
[12, 23-25, 30-32, 35, 38]. In the remaining participants,
congenital diseases were reported [12, 33, 37, 38], or
concomitant with perinatal syndromes and events [5,
6, 25, 36, 39-41]. The presence of intractable aggres-
sive, self-aggressive and hetero-aggressive behavior, as
well as ASD and ID, was described in all registries. The

most frequent comorbidities were medication-resistant
abnormal movements [38], psychiatric disorders [35,
37-40], neurodevelopmental syndromes and diseases [6,
30, 32—34, 41] and drug abuse [40]. Although in 4 reg-
istries, no comorbidities were reported [23, 24, 31, 39].
The main clinical reason for subjecting patients to DBS
was to reduce uncontrolled aggression [5, 6, 12, 23-25,
30-34, 36—41], movement disorder [6, 12, 38] and exces-
sive agitation [35]. Finally, the average clinical follow-up
was 42.5 months. In 15 records, follow-up was greater
than 12 months; but in 3 studies, it was less than this
time [25, 38, 39]; a single study exhibited a follow-up
of 163 months [6, 41] and another did not yield any
information [35].
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Table 2 Clinical and follow-up data of the patients
Author Year  Etiology Clinical features ~ Comorbidities Pre-DBS Indication of Follow-up in
Treatment DBS? months (Range)
Benedetti-lsaac 2015 17TS, 2 cryptogenic  IAB, SID, SASD DRE, Epi FNA, FBTL, LVTA, RUA PTE1-2:36y 48
OXZA months; PTE3: 2
months
Benedetti-lsaac 2021  Cryptogenic IAB, SID N/A Pharmacological, ~ RUA 18 months
psychological
Benedetti-lsaac  2023a  Cryptogenic IAB, SASD N/A CNA, VPO, ARZ, RUA 18 months
Qna, DPM, psycho-
logical
Benedetti-lsaac  2023b  Cryptogenic IAB, SID N/A BNAy psychologi-  RUA 18 months
cal
Escobar-Vidarte 2022  Cryptogenic IAB, SID, ASD Epi, DS Pharmacological RUA 48 months (2-10
years)
Franzini 2013 Cryptogenic |AB; SID Epi CLP, DPM, CHZE, RUA, Epi PTE 1:60 months;
CLNE, BRPM, HPL. PTE 2: 36 months
Giordano 2016 PH MID; IAB PS LTM, CNA, HPL, SRT, RUA, IED 22 months
CHZE, CL, VA, RNA,
CLP.
Harat 2021 Tourette Syndrome  IAB; MID, SASD, Vocal and motor TPO, PDA, HZA, RUA PTE1: 36 months;
SIB, Previous DBS tics; Epi, OCD TNG; PTE2:84 months
(PTET)
Heiden 2022 HIE SIB, SASD N/A Pharmacological RUA 6 months.
Kakko 2019  Cryptogenic MID, ASD, IAB,SIB Epi, TD VPO, RNA, CLO, SIB, TD N/A
HPL; FTA; CLP;
DPM; VPO
Lépez-Rios 2022  CdCS HSCR, ASD, SID, Epi, NDD CNA, RNA, ARZ RUA 48 monts
IAB, SIB
Maley 2010  Congenital, BHA IAB; MID BD, Depression, DA CNA, OLZA, kLP, RUA 24 months
CLP, BNA
Micieli 2017 SS, Hypothy, Epi, MID, SID, IAB WS, Epi DXINA RUA 27 months
TS, WS, MTS.
Park 2017 N/A ASD, ID, SIB GTC, Impulsivity AV, TPO, ONA, FNA, RUA, SIB 24 months
psychological
Stoco 2014 1 cromosomic; 1 SIB, Stereotip, TD PA, Anxiety RNA, BNA, TRCS Stereotypies, RUA  PTE1: 13 months;
cryptogenic PTE2: 6 months
Sturm 2012 Cryptogenic SASD, SID, SIB KS, ICP y psychological RUA 24 months
Torres 2013 SO SID, SIB, SASD, IAB  Eretism, DRA TPO, RNA, ARZ, Eretism, RUA 163 months (13.5
LZPM years)
2020 GBPA, VPO, LTM,

OLZA

Etiology. TS Tuberous Sclerosis, HIE Hypoxic-Ischemic Encephalopathy, HSCR Hirschsprung'’s Disease, BHA Bilateral Hippocampal Atrophy, SS Sotos Syndrome, Hypothy
Hypothyroidism, Epi Epilepsy, WS West Syndrome, MTS Mesial Temporal Sclerosis so: Stereotatic operation, PH perinatal hypoxia, N/A Not available. Clinical Features.
IAB Intractable Aggressive Behavior, SID Severe Intellectual Disability, SASD Severe Autism Spectrum Disorder, MID Moderate Intellectual Disability, SIB Self-injurious
Behavior, ASD Autism Spectrum Disorder, ID Intellectual Disability, CdCS Cri du Chat syndrome, PS Psychomotor retardation. Comorbidities. DRE Drug-Resistant
Epilepsy, DS Dravet Syndrome, OCD Obsessive Compulsive Disorder, TD Tardive Dyskinesia, NDD Neurodevelopmental Delay, BD Bipolar Disorder, DA Drug Abuse,
GTC Generalized Tonic-Clonic, PA Progressive Arthritis, KS Kanner Syndrome, ICP Infantile Cerebral Palsy, DRA Drug-Resistant Aggressiveness, AX Anxiety. Indication

of DBS. RUA Reduce Uncontrolled Aggressiveness, TD Tardive Dyskinesia, IED Intermittent explosive disease. Pharmacological treatment: CNA Carbamazepine, VA
Valproic acid, DTO Divalproate, QNA Quetiapine, RNA Risperidone, BRPM Bromazepam, CNA Clozapine, CLP Clonazepam, CLNE Clotiapine, LZP Lorazepam, FNA
Phenytoin, FBTL Phenobarbital, LVTA Levetiracetam, ARZ Aripiprazole, DPM Diazepam, BNA Benzodiazepine, PZE Promazine, CHZE Chlorpromazine, TPO Topiramate,
ZA Hydroxyzine, PO Valproate, OLZA Olanzapine, kLP Klonopin, XINA Dexmedetomidine, TRCS Tricyclics, LZPM Lorazepam, GBPA Gabapentin, LTM Lithium, PDA
Pimozide, CLO Chlorprothixene, TNO Thioxanthene, HPL Haloperidol, FTA Phenothiazine, SRT Sertraline, CL Clomipramine. Indication of DBS. RUA Reduce Uncontrolled
Aggressiveness, TD Tardive Dyskinesia

Neurosurgical parameters

In all the articles reviewed (Table 3), surgical planning
was performed under stereotactic guidance with pre and
postoperative magnetic resonance imaging and com-
puted tomography fused images with the aid of software

for target point orientation. Except for 1 study [38], no

surgical parameters were determined. In 47.06% of the
publications [6, 12, 23-25, 31, 32, 41], the brain target
was the posteromedial hypothalamic nuclei (pHypN), a
well-known target; while other groups proposed earlier
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targets [5, 40] or ventral regions [30, 34, 36, 37, 39] or a
combination of short-subcortical brain regions [35, 38,
40]. Similarly, in most studies, the technique and elec-
trode implantation coordinates were reported, although,
in 4 articles, they were not reported [30, 35, 38, 39].
Similarly, 8 studies described the brand, and model of
the electrode used in surgical implantation (Medtronic
3389). 4 registries used another reference [5, 30, 33, 39]
and 6 show no information in this regard [34-38, 40].
Finally, stimulation parameters were described in 15 arti-
cles (41 patients). Voltage intensity ranged between 0.5 V
and 6.5V, frequency between 15 and 185 Hz, and pulse
width between 60 and 360 ps. In 3 studiesthis informa-
tion was not recorded [24, 35, 37].

Clinical outcomes, effectiveness, and complications

The case series used a heterogeneous combination of
instruments to assess different aspects of the patients.
Therefore, it was necessary to restrict the analysis to tests
that allowed the assessment of pre- and post-interven-
tion aggressiveness, with a clinical follow-up of at least
12 months.

In this regard, as seen in Table 4, few studies reported
the application of an objective scale to assess intellectual
disability [5, 12, 31] and autism [23, 30, 36]. This is due to
the severity of symptoms. Regarding aggressiveness, only
5 records used a specialized scale (OAS) [12, 23-25, 31],
and 6 groups used a modified version (MOAS) [5, 32—34,
37, 40]. One of these studies did not show test scores
[34], and another record assessed the risk of aggression
(BPAQ) [37]. In contrast, 2 studies did not show data on
assessments of aggression [35, 40]. On the other hand,
only one group assessed adaptive functioning with a spe-
cialized scale (ICAP) [6, 41], and 4 groups assessed other
items [30, 36, 38, 39].

Thus, in 53/65 patients, objective scales were applied
to measure aggressiveness pre- and post-DBS. How-
ever, changes in aggressiveness were reported in only 51
subjects, considering a minimum clinical follow-up of
12 months. Therefore, an overall clinical improvement
of 94.2% was identified in 48/51 patients. However, the
effect size could only be calculated in 4 studies with sig-
nificant results [23, 24, 31] and with data available in the
OAS (n=37/51); identifying a considerable effect size
in these registries, which ranged from 3.71 to 4.81. For
MOAS [32] (n=6/51), a significant effect (d=1.01) was
found in a single study. Finally, the mean performances
of patients assessed separately on the OAS and MOAS,
pre and post-surgery, were pooled. An intra-group analy-
sis was performed with Student’s t, and the overall effect
size of DBS on the aggressiveness of pediatric patients
was calculated. The result was a considerable effect size
in both instruments (OAS: d=4.32; MOAS: d=1.46).
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On the contrary, unfavorable results were observed in
16 patients (Table 5). It was due to ganglio-basal bleed-
ing [1, 24]. Also infections were observed in the operative
area or at the battery testing site in 3 patients, for which
the device had to be explanted [32, 34, 37]. In 2 patients
adverse effects were observed, leading the family mem-
bers to desist from continuing with the procedure [6,
32, 41]. In 2 cases it was necessary to adjust the stimu-
lation parameters, to obtain an optimal response [33],
or to reduce adverse symptoms [34]. In 6 patients the
pulse generator battery ran out [30, 32, 33, 37]. Due to
it, the initial symptoms of aggressiveness returned. They
were reduced or eliminated with the change of batteries
of the device. In one of these subjects, it was due to the
patient’s failure to comply with the clinical control [37].
In this sense, in 3 patients it was not possible to perform
an adequate follow-up because aggressiveness returned
to initial levels a couple of months after starting brain
stimulation [25, 38] or due to non-compliance with medi-
cal controls [39].

Analysis of study quality and bias

Finally, the adapted NOS scale was applied, with an aver-
age score of 4.1 points, with a range of 2.25 to 5 (Table 6).
Applying the 5 criteria of the adapted NOS, 9 studies
were identified with excellent ratings (4.75 to 5 points),
7 studies obtained a score of fair (3 to 3.75 points), and 2
studies in the poor category (2.25 to 2.50 points). Regard-
ing the assessment of bias (Table 7), 9 studies show a low
level of bias (11-13 points), 8 show a medium risk (5-10
points) and only one study shows a high risk of bias (1-4
points).

Discussion

In this case series, we analyzed 18 publications, including
retrospective studies and clinical cases, which represent
a small number of records compared to other interven-
tional modalities for children and adolescents with ASD,
ID, and severe aggression [28, 36, 44]. The fact is that
DBS is an uncommon procedure in clinical practice and
is rarely used in minors because it involves invasive sur-
gery that is recommended only for refractory conditions
[23, 45]. Therefore, it is understandable that few studies
are reported in the medical literature. Furthermore, in
our analyses, the combination of search factors and the
application of strict inclusion criteria further reduced
the sample size. This explains why, although 100 subjects
were identified in all records of interest, only 65 pediatric
patients were included in the final analysis.

In addition, DBS is a costly procedure [29, 46], and
there are cultural differences in the approach to these
types of patients, as well as ethical and legal aspects that
vary between countries. Therefore, we found few records
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Table 4 Clinical results
First autor, year Clinical scales Clinical outcomes (Pre-Post Positive results Clinical Improvement % Effect size
DBS)
Benedetti-Isaac et al, 2015 OAS PTE1:9/1; Pte2:11/0; PTE3: 8/8 2/3 PTET: 88%, Pt2: 90%, PTE3: 0% N/A
[25]
Benedetti-Isaac et al., 2021 OAS Pre-ME: 17,73 £2,18 vs con- 18/19 6,12,18 mos: 45.4%, 66,5%, P0,01;d=3,78
[24] trol 6 mos: 9,68 +4,02, vs 12 71,2%
mos: 594 +2,27,vs 18 mos:
514191
Benedetti-Isaac, et al, 2023a  OAS, ADOS-2, WISC-IV  Pre-ME:18,60+ 2,07 vs 6 5/5 6, 12,18 mos: 36,5%, 63,4%, P:0,00; d=4,81
[22] mos: 11,80+4,87,vs 12 64,5%
mos: 6.80+1.32, vs 8 mos:
6.60+3.13
Benedetti-Isaac, et al, 2023b  OAS, WISC-IV Pre-ME: 1842 +3.03 vs 12/12 6, 12,18 mos: 51,5%, 69,4%, P:0,01;d=3.75
[23] 6 Mos: 8.92+3.58,vs 12 75.2%
mos: 5.64+2.00, vs 18 mos:
4.57+0.93
Escobar Vidarte et al., 2022 MOAS 27.62vs 1557 6/8 42,67% P:0,02; d=1.01
[32]
Franzini et al, 2013 [12] OAS, IQ 10vs 1,5 2/2 85% N/A
Giordano et al., 2016 [5] MOAS, CPM MOAS Pre: 34.Pos: 7y 11 1/1 67,7%y 79,5% -
CPM ME global: 45
Harat et al, 2021 [37] MOAS, BPAQ PTET MOAS 60 vs 1. BPAQ: 1/2 PTE1: 98.3%, 50,4%. PTE2: N/A
117 vs 58 90.9%, 11,7%
PTE2 MOAS: 11 vs 1. BPAQ:
102 vs 90
Heiden et al., 2022 [39] ERBI ERBI Initial: 110; 6-month 1/1 45% N/A
check-up: 160
Kakko et al,, 2019 [35] N/A N/A 1 N/A N/A
Lopez Rios et al., 2022 [33] MOAS, EQ-5D-5L MOAS Pre-Post DBS: 40/3 11 MOAS: 92,5% -
Maley et al., 2010 [40] N/A N/A 1/1 N/A N/A
Micieli et al, 2017 [34] MOAS, QOLS N/A 4/4 N/A N/A
Park et al, 2017 [36] GCI-S, GCI-I, ABC, CY-  CGI-S: pre: 6; W4: 5; Year2: 4 11 CGI-S: W4: 16,6%; Year2:
BOCS, K-ARS, SRS CGl-I: pre:(No); W1:4; W4: 3; 33,3%
Year2: 2 CGl-I: W4: 25%; Year2: 50%
ABC: pre: 106. W4: 71; Year2: ABC: W4: 33%; Years2: 62,2%
40.Year2: 7
Stocco, et al,, 2014 [38] JHMRS PTET: Pre-DBS: 30; 13 mos: 0 1/2 PTE1: 100%; PTE2: 0% N/A
PTE2: Pre-DBS: 50; 13 mos: 50
Sturm et al,, 2012 [30] CGl, ADI-R CGI (HS: 20/20; CNV: 8/7; 1/1 N/A N/A
CERR: 18/13)
Torres et al, 2013, 2020 [6,41] ICAP, DSM-IV GAF, MBI ICAP:-38,5+53vs-163+4,7 1/1 57,14% N/A
ICAP: -38/-18 52% N/A

Clinical scales. OAS Overt Aggression Scale, MOAS Modified Overt Aggression Scale, BPAQ Buss-Perry Aggression Questionnaire (Amity version), ERBI Early
Rehabilitation Barthel Index, EQ-5D-5L European Quality of Life5 Dimensions, CGI-S The Clinical Global Impression-Severity, GCI-/ Clinical Global Impairment-
Impression, ABC Antecedent, Behavior, Consequence, JHMRS John's Hopkins motor stereotypy rating scale, CG/ Clinical Global Impression Severity Scale, ICAP
Inventory for Client and Agency Planning. CPM Clinical outcomes, Coloured progressive matrices; ADOS-2 Observational Scale for the Diagnosis of Autism, WISC-IV
Wechsler Intelligence Scale for Children, ADI-R interview for autism detection, /Q Intelligence Quotient Classification, DSM-IV GAF Global Assessment of Functioning,
QOLS The Quality-of-Life Scale, MBI Maladaptive Behavior Index Spanish version (MBI of the ICAP). P t of Student, d effect size, N/A Not available

in North America, where economic or legal aspects are
more restrictive. On the contrary, a significant number
of publications were identified in South America, with a
concentration of interventions performed in Colombia,
where there are several experiences with the application
of DBS in pHypN for intractable aggression in children
and adolescents with epilepsy [25, 32, 34], ASD and ID

[23, 24, 31, 33]. Europe is the second continent where
DBS has been used the most. In Italy, the first group to
successfully apply DBS in subjects with aggression [42]
validated the currently best-known implantation param-
eters [12, 42]; since then, they have applied DBS in vari-
ous clinical conditions, but with few studies in pediatric
ASD and ID. Similarly, in Spain [6, 41]; besides DBS, they
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Table 5 Complications
First autor, year Patients Description

Benedetti-Isaac et al,, 2015 [25] 2/3

Benedetti-Isaac et al,, 2021 [24] 1/19
Benedetti-Isaac, et al,, 2023a [22] -
Benedetti-Isaac, et al, 2023b [23] -
Escobar Vidarte et al,, 2022 [32] 5/8

PTE 1: Died due to causes other than deep brain stimulation after the last follow-up. PTE 3: After two
months, aggressiveness returned to baseline.

1 patient with basal ganglia hemorrhage
None
None

During follow-up, patients 1, 2, and 5 experienced GPI issues and increased aggression, which improved
after generator replacement and resumption of hypothalamic stimulation. PTE 10: Device replacement
required due to surgical site infection. PTE 11: As the stimulation parameters were increased, conjugate

lateral gaze deviation occurred. The family requested explantation.

Franzini et al, 2013 [25] -
Giordano et al., 2016 [5] -

None
None

PTE 1: He received the first DBS (Naac) with some improvement, he underwent a second intervention

in the posteromedial thalamus, he suffered infection, and the device was removed. PTE 2: Malfunction

No clinical follow-up occurred due to missed follow-up appointments.

Parameters were adjusted several times to improve treatment efficacy because of persistent insomnia

and agitation and to minimize the mild side effects associated with higher-voltage stimulation.

Several stimulation adjustments were necessary because of the aggression and other pathologies

observed until 12 months of age; after changing the parameters, aggressiveness decreased.

PTE 1: Battery site infection. PTE 2: Transient dystonia of the left upper extremity improves with changes

Harat et al,, 2021 [2] 2/2
of the Impulse Pulse Generator (IPG).
Heiden et al,, 2022 [39] 1/1
Kakko et al,, 2019 [35] - None
Lépez Rios et al,, 2022 [33] 1/1
Maley et al., 2010 [40] 11
Micieli et al,, 2017 [34] 2/4
in stimulation.
Park et al, 2017 [36] - None

Stocco, et al,, 2014 [38] 1/2
Sturm et al,, 2012 [30] 1/1

ished after battery change.
Torres et al,, 2013, 2020 [6, 41] 11 2013: None

PTE 2: stereotypes back to their original condition
The battery discharged in the 10th month, leading to the return of aggression. Aggressiveness dimin-

2020: Increase in blood pressure, heart rate, and headache.

have developed other forms of neurosurgical interven-
tion in childhood autism [26]. In other continents, only
one experience has been described in Asia [38].

Pre-surgical conditions
This leads us to analyze the conditions for proposing DBS
in the target population. Several years before implanta-
tion, it is essential to have a clear diagnosis of autism
and/or intellectual disability in children, together with an
assessment of the severity of the disorder or the level of
functional impairment [47]. This is clinically documented
in most studies, although few records used objective and
specialized tests [12, 23-25, 31, 32, 34, 37, 40]. This is
due to the severity of the symptoms, which makes it dif-
ficult to apply traditional tests. Early diagnosis of ASD
and ID allows for greater clinical and therapeutic clarity,
although it remains a challenge to diagnose, especially
ASD, given the complexity of neurological maturation in
children, the training of professionals, and the scarcity of
instruments with adequate clinical utility values [48—52].
Subsequently, a clinical study with several years of fol-
low-up is necessary, as reported by most teams, except

for one record that lacked this information [35].Clini-
cal follow-up supports the implementation of treatment
options (pharmacological, psychological, and educa-
tional) and allows analysis of the impact of interventions
on patients’ symptoms [53, 54]. However, DBS may some-
times be recommended to improve the patient’s quality
of life due to a history of medical iatrogenesis or nega-
tive effects of previous treatments, as reported in two
records [35, 39]. In any case, clinical follow-up requires
a multidisciplinary approach that includes psychiatrists,
neurologists, and neuropsychologists [55, 56] to assess
symptom refractoriness, functional impairment, aggres-
sion, and symptom severity. The neurosurgeon then
reviews the case and proposes the intervention [57, 58].
In addition, a medical committee should be convened,
and strict inclusion criteria applied to select candidates
for surgery [59]. However, it is not always clear from the
records reviewed whether all the necessary specialists
were involved. Typically, a psychiatric evaluation with a
neurosurgical focus was performed due to the severity of
symptoms [9, 59] or the presence of disabling comorbidi-
ties, such as epilepsy [12, 25, 32-35, 37], dystonia [35],
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Table 6 Evaluation of the quality of the studies using the NOS-adjusted scale

Study Criteria 1 Criteria 2 Criteria 3 Criteria 4 Criteria 5 Score Quality
Benedetti-Isaac et al,, 2015 [25] 1 1 1 1 1 5,00 Excellent
Benedetti-Isaac et al., 2021 [24] 1 1 1 0,75 1 475 Excellent
Benedetti-Isaac et al,, 2023a [22] 1 1 1 1 1 5,00 Excellent
Benedetti-Isaac et al., 2023b [23] 1 1 1 1 1 5,00 Excellent
Escobar Vidarte et al,, 2022 [32] 1 1 1 1 1 5,00 Excellent
Franzini et al, 2013 [12] 1 1 1 1 1 5,00 Excellent
Giordano et al,, 2016 [5] 1 1 1 1 1 5,00 Excellent
Harat et al.,, 2021 [37] 1 1 1 0,75 1 4,75 Excellent
Heiden et al., 2022 [39] 1 1 0 0,75 0 2,75 Poor
Kakko et al, 2019 [35] 1 1 0 0,25 0 2,25 Poor
Lépez Rios et al,, 2022 [33] 1 1 1 1 1 5,00 Excellent
Maley et al., 2010 [40] 1 1 1 0,75 0 3,75 Regular
Micieli et al., 2017 [34] 1 1 1 0,75 0 3,75 Regular
Park et al., 2017 [36] 1 1 1 0,75 0 3,75 Regular
Stocco & Baizabal-Carvallo, 2014 [38] 1 1 0,50 0,50 0 3,00 Regular
Sturm et al,, 2012 [30] 1 1 1 0,50 0 3,50 Regular
Torres et al,, 2013 [6] 1 1 1 0,75 0 3,75 Regular
Torres et al,, 2020 [41] 1 1 1 0,75 0 3,75 Regular

Interpretation: 1 to 2.9 points: Poor; 3 to 3.9 points: Regular; 4 to 4.5: Good; 4.6 to 5: Excellent

The quality of each article was assessed by our team using the Newcastle-Ottawa Scale. We reviewed 5 NOS criteria, considering the technical characteristics of the
brain stimulation studies. The items were scored either as positive (1) or negative (0). However, for items 2 and 4, each indicator described in the statement had to be

met to obtain the total score)

Criteria 1. Did the sample represent all patients treated at the medical center, or did the study include all patients treated in the period under study? (1 point)

Criteria 2. ;A correct diagnosis was made (ASD/ID) (0.5 points) and proper identification of the clinical problem? That is, intractable, drug-resistant, or uncontrolled

aggression (0.5 points)
Criteria 3. Was the postoperative follow-up period at least 12 months? (1 point)

Criteria 4. Were all-important data cited in the report? Specifically, was a thorough clinical evaluation conducted? (0.25 points), as well as a relevant psychometric
assessment (0.25 points); together with information on the implantation (0.25 points) and brain stimulation parameters (0.25 points)

Criteria 5. Were the results obtained using specialized aggression scales? (1 point)

and psychiatric disorders [37, 38, 40]. Although recent
studies show an interdisciplinary assessment ( [23, 31,
32, 34], few teams included medical committees [6, 23—
25, 31, 32, 37, 41] or applied strict inclusion criteria [32,
33, 37]. The definition of selection criteria is crucial for
the application of DBS in pediatric populations, but the
paucity of studies and the lack of robust data limit this
process.

Another critical aspect of the indication for DBS is the
etiology of the aggressive disorder. In most studies, the
cause of uncontrolled aggressive behavior was unknown,
despite the presence of multiple neurological and psy-
chiatric comorbidities, suggesting underlying congeni-
tal and/or genetic conditions. We identified the use of
DBS in 14 patients with treatment-resistant epilepsy [25,
33-35, 37, 41], 8 patients with motor tics associated with
Tourette syndrome [37, 39], and 1 patient with a genetic
disorder [34], all of whom also presented with autism and
predominantly severe intellectual disability.

Two points need to be made about aggression. First,
aggression is not a disorder, but a comorbidity associated

with many psychiatric or neurological disorders, with a
significant prevalence in patients with neurodevelop-
mental disorders [60, 61]. In ASD and severe ID with low
adaptive functioning, uncontrolled aggressive behavior is
common and can be as debilitating as the core symptoms
of these disorders [62, 63]. Second, due to the severity
of symptoms and comorbidities, identifying the etiol-
ogy of aggressive behavior can be problematic [64]. This
can lead to a lack of focus in the clinical assessment of
aggression in favor of assessing other symptoms, as
observed in several studies [6, 30, 36, 38, 39, 41].

Assessment of aggression
Although the etiology may be uncertain or there are vari-
ous comorbidities, it is necessary to assess aggressiveness
in patients undergoing DBS using objective tests or scales
[17]. In this series of cases, the lack of a gold standard for
evaluating aggressiveness was highlighted.

The first clinical instrument used to assess aggressive-
ness was the Overt Aggression Scale (OAS) [65], recom-
mended for quickly evaluating aggressive behavior in
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Table 7 Evaluation of bias risk calculation: High: 1 to 4 points. Medium: 5 to 10 points. Low: 11 to 13 points
ID Study Selection Comparability Outcome Adequacy of  Total Score Risk
follow up

Representativeness of Participant (xxxx) Assessment of (**)

exposed cohort selection outcome

(+) (*) (x %)
Benedetti-Isaac, 2015 * * ko x *kox ok x * 12 Low
Benedetti-Isaac, 2021 * * *hax *hax * 11 Low
Benedetti-lsaac, 2023a * * >k k ko x * 1 Low
Benedetti-Isaac, 2023b * * ko k *kk ok *x 12 Low
Escobar Vidarte, 2022 * * *xokx ko k * 12 Low
Franzini, 2013 * * *koxk >k * I Low
Giordano, 2016 * * o ok *x 11 Low
Harat, 2021 * * * ok ok ok k *x 13 Low
Heiden, 2022 * * * % * 5 Medium
Kakko, 2019 * * 2 High
Lopez Rios, 2022 . . o 13 Low
Maley, 2010 * * > o * 9 Medium
Micieli, 2017 * * *kox ko * 9 Medium
Park, 2017 * * *kox *x *x 9 Medium
Stocco, 2014 * * * ko *x * 8 Medium
Sturm, 2012 * * * % *x * 7 Medium
Torres, 2013 * * *xx o * 8 Medium
Torres, 2020 * * >k x *kx * 9 Medium

hospital settings [66]. This scale measures verbal, physi-
cal, self and other aggression [67]. However, in this series
of cases, it was only used in five records [12, 23-25, 31].

Next is the modified version of the OAS (MOAS),
which is more appropriate for outpatient settings, where
most individuals with problematic aggressive behavior
are found. It contains the same 4 subcomponents for
aggression and adds 2 items to assess anger and global
aggression. It has demonstrated adequate psychomet-
ric and clinical values [66, 68]. Different versions of this
instrument have been developed to study aggression in
patients with severe mental illness in institutional set-
tings [27, 69-72], to evaluate the anti-aggressive efficacy
of beta-adrenergic blockers [73], or in individuals with
traumatic brain injury [74, 75]. In this review, the MOAS
was used in only 5 studies [5, 32-34, 37].

Finally, the Buss-Perry Aggression Questionnaire
(BPAQ) [76], a scale with 4 dimensions (physical aggres-
sion, verbal aggression, anger, and hostility) known
for assessing aggression in adults, was used in only one
study [37].

One phenomenon that caught our attention was that
several groups did not assess aggression directly, even
though persistent aggressive behavior was described in
all the records. Instead, they focused on other aspects,
using scales to assess stereotypies [38], symptom sever-
ity and treatment effectiveness, attention deficit and

obsessive—compulsive symptoms [30, 36], rehabilitation
levels [39], and adaptive functioning [6, 41]. To compli-
cate matters further, two groups mentioned using the
MOAS but did not present the results [34, 40] or the tests
were administered by a family member [33], which affects
the quality of the results due to lack of expert assessment
and informant bias [77]. Finally, one study did not report
the use of an objective scale [35]. This situation warrants
analysis, as it highlights the lack of international con-
sensus in neurosurgery on important methodological
aspects, such as the use of objective tests to contrast neuro-
surgical outcomes and increase the evidence for DBS.

Clinical follow-up, effectiveness, and complications

In the reviewed studies, clinical follow-up was achieved
in 51 of 65 pediatric patients. Using the results of aggres-
sion scales (OAS, MOAS) as an objective comparison
criterion before and after DBS, a 94.2% improvement
in aggression symptoms was observed (48 out of 51
patients). Notably, 44 out of 48 successful DBS implan-
tations were performed in Colombia, 37 of them in the
same clinical center on the north coast [22, 24, 25, 31].
This team has refined the surgical technique and meth-
odological aspects, improving the safety and efficacy of
DBS in children and adolescents. The other 7 patients
were successfully treated in the central part of the coun-
try, demonstrating high standards of quality and safety.
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This contrasts with other records where clinical follow-
up was less than 12 months [38, 39], information was not
available [35], or objective measures were not used to
describe symptom evolution [34, 40].

In terms of procedural complications, atypical situ-
ations were found in 14 out of 65 patients. Three sub-
jects experienced surgical site infection [32], battery site
infection [34], or postoperative bleeding [24]. Evidence
suggests that the risk of complications is related to the
institution where the surgery is performed and the phe-
notypic conditions of the patients [78, 79]. This situation
can be mitigated by the implementation of intraoperative
and postoperative clinical measures [80].

In addition, 4 patients required adjustment of stimula-
tion parameters due to persistent symptoms [33, 40] or
complications with aggression and new symptoms [34,
40]. In one case, medication was required to control vas-
cular symptoms [41]. Adjustment of DBS parameters
can vary based on clinical outcomes [81], which is highly
beneficial for improving psychiatric disorders or control-
ling side effects [82]. However, inappropriate use of these
parameters can be counterproductive [83], and in some
cases DBS must be accompanied by medication until
optimal results are achieved [33, 41].

Unfortunately, DBS was discontinued in 2 patients. In
the first case, it was due to lateral conjugate gaze devia-
tion during the increase of stimulation parameters [32],
which led the family to withdraw from the treatment.
This was due to high intensity parameters that exceeded
the therapeutic threshold and affected the oculomo-
tor nerve fibers [7], which, although not significant for
health, caused discomfort to the family. In the second
patient [38], the intervention was discontinued due to the
ineffectiveness of DBS in reducing self-injurious stereo-
typies, which returned to baseline levels. In addition, 2
subjects experienced problems with the implanted pulse
generator due to noncompliance or interruption of medical
follow-up [37, 39].

Evidence suggests that in some severe patients, DBS
may not yield favorable results due to complex brain
function and associated neurological dysfunction [3, 84].
Similarly, device failure and infections at the battery site
can exacerbate psychiatric symptoms, increase hospi-
talizations, and require electrode removal [84—88]. This
situation occurs because weeks may elapse between the
postoperative period and the start of stimulation, during
which the patient, if not managed with coercive measures,
may self-injure and compromise the efficacy of stimula-
tion as described previously [30, 35, 36, 38, 39].

Finally, in 4 datasets (6 subjects), the battery of the
pulse generator was depleted [30, 32, 33, 37], caus-
ing relapse in patients who returned to pre-DBS symp-
toms. However, once the battery was replaced and brain
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stimulation was resumed, symptoms were reduced, and
patients stabilized. Although the natural wear and tear
of the implanted device batteries can be anticipated, it
remains a significant event [89]. This demonstrates that
the change in patients’ aggressiveness is due to DBS and
not a placebo effect, as previously described [5, 12, 25, 32,
33, 37, 40].

Target brain area

In this case series, a homogeneous methodology of surgi-
cal planning and reference to known electrodes was iden-
tified; however, there was no consensus on the target of
brain stimulation. Below, we summarize the main brain
targets for the treatment of aggression with DBS (Fig. 2).

In the 1960s, posteromedial hypothalamotomy and
amygdalotomy emerged as treatment options for refrac-
tory pathological aggression [90, 91]. Both procedures
showed significant improvements in symptom reduction;
however, amygdalotomy had severe side effects, whereas
hypothalamotomy had mild effects. In 1970, Sano’s group
provided the first evidence that ablative lesioning of the
pHyp could reduce aggressive and epileptic behavior,
achieving clinical improvement in 95% of patients and
delineating the “Sano triangle” in the posteromedial
hypothalamus [92]. This work theorized connections
between the pHyp, the amygdala, and the Papez circuit
to explain disruptive aggressive behavior [93, 94]. The
interconnections favored by the Papez circuit with the
neocortex, limbic structures, and hypothalamus concep-
tualized this region as the anatomical substrate of central
emotion and emotional experience [95].

Decades later, Franzini et al. [43] applied the first DBS
for intractable aggressive behavior, targeting the pos-
teromedial hypothalamus and detailing the implanta-
tion coordinates [12], defining the pHyp as the surgical
target. Other groups have replicated this technique with
similar results [6, 23-25, 31, 32, 41], including patients
with autism and severe intellectual disability [25, 32, 41].
In this case series, most patients were treated according
to Franzini’s implantation technique [44], although two
recordings stimulated ventral regions with orbitofrontal
projections connected to the pHyp [34, 40].

Besides the pHyp, the nucleus accumbens (NAcc)
has also been a focus of interest for DBS implantation
in patients with self-destructive and severely aggressive
behaviors due to its role in the pathogenesis of neu-
ropsychiatric disorders and its ability to induce loco-
motor activation, acting as an emotional-motor switch
[96, 97]. In one study [37], the NAcc was selected after
failure of DBS in the pHyp in two patients with OCD
and autism, showing significant improvement in aggres-
sion and comorbidities, as previously described [4, 98].
However, the exact part of the NAcc that was stimulated
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Fig. 2 Synthesis of brain targets for DBS. OFC: Orbitofrontal cortex; Nacc: Nucleus accumbens; GPi: Globus palidus interna; VT: Ventral Thalamus;
pHypN: Posteromedial hypothalamic nuclei; ALIC: Anterior limb of the internal capsule; RN: Red Nucleus

was not clearly defined in Harat’s study [37]. In another
study, the NAcc was selected for its role in the social
reward system in ASD and a reduction in metabo-
lism and cortical density in the prefrontal cortex was
achieved [36].

The basolateral amygdala (BA) was another target in
two datasets [30, 39], with historical evidence support-
ing its relevance [99, 100]. The BA, together with the
centromedial and cortical nuclei, is part of the amygda-
loid complex [101]. Stimulation of these nuclei, particu-
larly the GABAergic and glutamatergic systems, has been
implicated in autism [102, 103]. This has led to intrigu-
ing theoretical models linking the electrical disruption of
amygdala circuits to clinical features of autism [104, 105].

The first study to analyze DBS in the basolateral amyg-
dala (BA) for the treatment of pathological aggression
was conducted by Sturm et al. [30] in a 13-year-old boy
with ASD and intractable aggression. The choice of the
BA was based on research linking it to the process-
ing of emotions such as fear, anger, and socialization in
autism [91, 105-111]. The results were positive, although
without objective assessment, and it is possible that the
improvement could be due to the activation of other
brain regions [30]. On the other hand, Heiden et al. [39]
applied DBS to a 10-year-old boy with ASD and severe
mental retardation. Due to the lack of medical follow-up,
sufficient information on the efficacy of DBS could not be
obtained.

Finally, two studies reported interventions in the inter-
nal globus pallidus (GPi) and the anterior limb of the
internal capsule (ALIC) in three patients with severe
self-injurious involuntary movements [35, 38]. The first
case involved a patient with ASD and moderate ID with
intractable aggression and a long history of refractory
antipsychotic medication, resulting in severe tardive
dyskinesia and severe self-mutilation requiring hospi-
talization in the intensive care unit. At the age of 19, the
patient received DBS in the GPi, which improved symp-
toms [35]. However, the study did not report stimulation
parameters or objective clinical outcomes.

In the second case, DBS was applied to two patients
aged 17 (GPi) and 19 (GPi+ ALIC) with ASD, severe ID
and severe self-injurious stereotypies. The target was
chosen based on animal studies showing suppression of
stereotypies by GPi stimulation [112]. Only one of the
patients showed sustained improvement, while the other
returned to pre-DBS status. It seems that DBS was used
as a last therapeutic measure to provide relief from disa-
bling stereotypies. DBS has shown variable results in GPi
and ALIC [113, 114].

Given the diversity of brain stimulation targets, sev-
eral key points stand out. First, to date, there is no single
theoretical model that fully explains the interactions and
functions of aggression in the brain [115-118]. Second,
the precision of anatomical structures and the therapeu-
tic effect of DBS are not entirely clear due to the complex



Herrera-Pino et al. BMC Pediatrics (2024) 24:487

neurophysiological connections involved [6, 36]. From a
neurophysiological perspective, there are many connec-
tions from the posteromedial hypothalamus through the
limbic system (including the amygdala and hippocam-
pus) to the nucleus accumbens, as well as connections
with the thalamus, motor cortex, and brainstem, which
can explain the emotional and aggressive response.

Third, it is crucial to analyze symptoms and comorbidi-
ties in patients with ASD and severe ID when prescrib-
ing DBS [119, 120]. Different therapeutic targets have
been used to treat different comorbidities associated with
aggression, such as OCD, stereotypies, and social func-
tioning problems, among others [14, 30, 34-39, 121].
However, the studies with the best outcomes and fewer
complications selected the pHypN as the target.

Finally, the optimal stimulation parameters are uncer-
tain [36], as therapeutic effects may take weeks to mani-
fest, and the variability of pulse rates, frequencies, and
voltages makes it difficult to establish reference values for
DBS [41]. Applying high voltages or significantly increas-
ing frequencies and pulse rates could cause injury or the
emergence of other symptoms and disorders, as seen in
several studies [33, 39]. Conversely, very low voltages
would not stimulate effectively. Therefore, it seems that
these parameters must be adjusted according to the char-
acteristics and severity of the patient’s symptoms.

Study limitations

There were several limitations to the records reviewed.
First, the retrospective nature of the studies introduces
observer bias, suggesting the need for controlled trials with
blinded interdisciplinary evaluations to assess the efficacy
of DBS in patients with intractable aggression. Second, it
is crucial to establish a rigorous patient selection protocol
that clearly details the steps and clinical decisions before
neurosurgical intervention to avoid adverse effects.

A major limitation is the lack of a gold standard test to
objectively assess aggression and adaptive functioning.
While clinical observations are adequate, they should
be supplemented with objective and specialized scales
to better measure clinical improvement and the validity
of DBS. In addition, it is necessary to record all relevant
follow-up data for each patient, including test results and
neurosurgical planning parameters, to add methodologi-
cal value to the studies.

Finally, the meta-analysis was limited by incomplete
information in the studies, such as demographic and
clinical data, scores, and objective outcomes. Some
studies mentioned the use of objective instruments
without disclosing the results, which complicated the
statistical analysis and the calculation of follow-up and
clinical improvement. These difficulties highlight the

Page 15 0of 19

need to strengthen methodological aspects in neuro-
surgical studies.

Conclusions

In this case series, 100 subjects were analyzed, and
65 pediatric patients were identified. Of these, only
53 were assessed using objective scales to meas-
ure aggression, and 51 were clinically followed for at
least 12 months. Of these, 48 showed a 94.2% clinical
improvement in aggression indicators. DBS showed a
significant positive effect, especially with the pHyp as
the most effective surgical target, followed by the BA
and, with less evidence, the GPi and ALIC.

Applying the quality criteria of the adapted NOS scale,
only half of the studies (9/18) showed good therapeutic
results in the target population. Conversely, 7 records were
identified as fair and 2 as inadequate [35, 39]. The main
problems identified in the studies were related to the lack
of specialized scales to measure aggression (criterion 5),
identified in 9 studies [6, 30, 34—36, 38—41], lack of data
in the reports (criterion 4) in 4 records [30, 35, 38, 39],
and clinical follow-up of less than 12 months (criterion 3)
in 3 studies [35, 38, 39].

Results from the NOS scale present a less encourag-
ing picture. However, DBS for intractable aggression
in children and adolescents with ASD and severe ID
can be safe and effective provided that rigorous and
objective methodological parameters are followed. It is
important to consider that the neuronal complexity of
these patients, as well as neuroanatomical and neuro-
physiological changes during neurodevelopment, pose
challenges for DBS [36, 47, 122]. Therefore, techni-
cal aspects such as the definition of implantation and
electrical stimulation parameters, as well as the brain
target, need to be addressed. A clear challenge that
we believe would help increase the efficacy of DBS in
children with ASD and ID is the application of strict
criteria in patient selection, the involvement of profes-
sionals to perform pre-and post-intervention neuropsy-
chological assessments, and the application of objective
and specialized scales for aggression [123].
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