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this could be improved. We analyse whether and, if 
so, how randomised controlled trials (RCTs) can be 
used in the different approaches, and what alterna-
tives are available if conducting RCTs is impossi-
ble for practical or ethical reasons. Specifically, we 
analyse the problem of failed RCTs after promising 
open-label studies.
Results The main concerns are: (i) reservations 
based on historical psychosurgery, (ii) concerns about 
personality changes, (iii) concerns regarding localised 
interventions, and (iv) scepticism due to the lack of 
scientific evidence. Given the need for effective thera-
pies for treatment-refractory psychiatric disorders and 
preliminary evidence for the effectiveness of psychi-
atric neurosurgery, further research is warranted and 
necessary. Since psychiatric neurosurgery has the 
potential to modify personality traits, it should be 
held to the highest ethical and scientific standards.
Conclusions Psychiatric neurosurgery procedures 
with preliminary evidence for efficacy and an accept-
able risk–benefit profile include DBS and micro- or 
radiosurgical anterior capsulotomy for intractable 
obsessive–compulsive disorder. These methods may be 
considered for individual treatment attempts, but multi-
centre RCTs are necessary to provide reliable evidence.

Keywords Psychiatric neurosurgery · Deep 
brain stimulation · Gamma Knife · Capsulotomy · 
Cingulotomy · MRgFUS

Abstract 
Background Psychiatric neurosurgery is experienc-
ing a revival. Beside deep brain stimulation (DBS), 
several ablative neurosurgical procedures are cur-
rently in use. Each approach has a different profile of 
advantages and disadvantages. However, many psy-
chiatrists, ethicists, and laypeople are sceptical about 
psychiatric neurosurgery.
Methods We identify the main concerns against 
psychiatric neurosurgery, and discuss the extent to 
which they are justified and how they might be over-
come. We review the evidence for the effectiveness, 
efficacy and safety of each approach, and discuss how 
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Abbreviations 
ALIC  Anterior limb of the internal capsule
BDI  Beck’s Depression Inventory
CT  Computerised tomography
DBS  Deep brain stimulation
DGPPN  Deutsche Gesellschaft für Psychi-

atrie und Psychotherapie, Psy-
chosomatik und Nervenheilkunde 
e.V. (German Association for 
Psychiatry, Psychotherapy and 
Psychosomatics)

DSM  Diagnostic and Statistical Manual 
of Mental Disorders

EMA  European Medicines Agency
FDA  Food and Drug Administration
GAF  Global Assessment of Functioning
GPi  Globus pallidus internus
HAM-D  Hamilton Depression Rating Scale
HDRS-17 or -28  Hamilton Depression Rating 

Scale (with 17 or 28 items)
HFS  High frequency stimulation
ICD  International Classification of 

Diseases
MADRS  Montgomery-Asberg Depression 

Rating Scale
MDD  Major depressive disorder
MRgFUS  Magnetic resonance-guided 

focused ultrasound
MRI  Magnetic resonance imaging
NAcc  Nucleus accumbens
OCD  Obsessive–compulsive disorder
QoL  Quality of life
RCT   Randomized controlled trial
SCC  Subcallosal cingulate cortex
SCG  Subcallosal cingulate gyrus
slMFB  Superolateral branch of the medial 

forebrain bundle
STN  Nucleus subthalamicus
VC/VS  Ventral capsule/ventral striatum
WSSFN  World Society for Stereotactic and 

Functional Neurosurgery
Y-BOCS  Yale-Brown Obsessive–Compulsive 

Scale

Introduction

Whereas medical ethicists have intensively discussed 
ethical questions around deep brain stimulation (DBS) for 

years, they have mostly neglected the widespread practice 
of ablative psychiatric neurosurgery. To address this blind 
spot, a comprehensive and differentiated ethical analysis 
of the pros and cons of distinct psychiatric neurosurgery 
approaches is needed, and this should be based on rational 
evidence rather than outdated prejudices. The interna-
tional, interdisciplinary consortium “Psychiatric Neuro-
surgery ‒ Ethical, Legal and Societal Issues” had been 
founded to address this issue. The consortium was tasked 
with investigating ethical, legal, and societal issues sur-
rounding the field of contemporary psychiatric neurosur-
gery.1 The consortium consisted of researchers specialised 
in medical ethics, legal science, social science, neurosur-
gery, radiosurgery and psychiatry. Its members originate 
from Germany, Belgium, Spain, Switzerland, Canada, 
and the United States. The present paper has been elabo-
rated by several members of the consortium.

Functional stereotactic neurosurgery was primar-
ily developed and used to replace leucotomy; then 
it was extended into the treatment of pain, epilepsy 
and movement disorders [1]. Until the 1970 s, neu-
rosurgery for psychiatric disorders has been used in 
hundreds of thousands of patients with mental ill-
ness [2]- [5]. However, the morbidity and neurologi-
cal sequelae of leukotomies became more and more 
evident, and patient selection criteria as well as the 
procedure’s efficacy were questioned more critically 
[2]. Psychosurgery was nearly completely abandoned 
in the mid-1970 s because of public criticism and 
because of the development of chlorpromazine and 
other antipsychotic drugs [5]. Psychosurgery remains 
forbidden in some countries, e.g., Japan [6]. Since 
the late 1990 s, there has been a renaissance of psy-
chiatric neurosurgery (i.e., neurosurgical treatments 
for psychiatric disorders)2 [8]. This is because despite 
all the progress made in pharmacology and psycho-
therapy, a considerable number of patients still suf-
fer from severe, possibly life-threatening medically 
refractory mental illnesses. For example, up to a third 

1 Further information (see also funding information): https:// 
minda ndbra in. chari te. de/ en/ proje cts/ neuro philo sophy_ and_ 
ethics/ psych iatric_ neuro surge ry/.
2 Psychiatric neurosurgery has the primary goal of improv-
ing symptoms of psychiatric diseases. Neurosurgical interven-
tions intended primarily to improve motor functions, sensory 
functions, or an epileptic tendency may also improve cognitive 
or psychological functions, particularly in patients suffering 
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of patients with major depressive disorder (MDD) 
can be classified as having treatment-resistant depres-
sion, and suicide rates in this patient population are 
approaching 15% [9]. Consequently, there is an urgent 
need for new and effective treatment methods.

DBS is an established, evidence-based therapy for 
treatment-refractory Parkinson’s disease,3 essential 
tremor, and dystonia [12, 13]. This fact as well as the 
adjustability of DBS and its high degree of reversibil-
ity4 [16, 17] are arguments for the experimental use of 
DBS for the treatment of severe treatment-refractory 
psychiatric disorders. Several recommendations 
for the ethical use of DBS have been published by 
teams of DBS experts and ethicists [18]- [23]. DBS 

for treatment-resistant obsessive–compulsive disor-
der (OCD) has Human Device Exemption approval 
in the United States, and CE mark5 in Europe [25]. 
Recently, the World Society for Stereotactic and Func-
tional Neurosurgery (WSSFN) has stated that DBS 
in the ventral anterior capsule region (including bed 
nucleus of stria terminalis and nucleus accumbens) for 
otherwise treatment refractory OCD remains investi-
gational; it represents an emerging, but not yet estab-
lished therapy [23]. To meet the criteria of “stand-
ard of care”, at least one additional, well-designed, 
blinded clinical trial is required [23].

Besides DBS, ablative neurosurgical procedures 
are also experiencing a revival in psychiatric neu-
rosurgery.6 The ablative neurosurgical procedures 
currently in use include radiofrequency thermo-
coagulation, Gamma Knife or CyberKnife radio-
surgery, and magnetic resonance-guided focused 
ultrasound (MRgFUS). A rough estimate of the pub-
lication activity in psychiatric neurosurgery in the last 
10 years reveals a considerable increase in the num-
ber of publications in psychiatric neurosurgery com-
pared to DBS (Fig. 1). Furthermore, a survey of DBS 
experts showed that more than two-thirds believe that 
lesional procedures are a valid alternative to DBS 
[15]. According to a recent survey with members of 
the American Society for Stereotactic and Functional 
Neurosurgery, even 87% of all respondents agreed 
with this statement [36]. An expert panel has affirmed 
that ablative procedures are important options for 
appropriately selected patients [21]. The high accept-
ance of lesional procedures within the community of 
stereotactic and functional neurosurgeons and even 
among DBS researchers stands in stark contrast to the 
lack of interest for these procedures in medical ethics.

PubMed search (start date: 01.01.2000, end date: 
31.12.2020; search performed on September 3, 2021). 

3 The efficacy of DBS for Parkinson’s disease is well estab-
lished; in particular for outcome measures up to 36 months: 
motor benefits achieved with GPi and STN DBS for Parkinson 
disease are similar; DBS of STN allows for a greater reduction 
of medication, but does not have as significant an advantage 
as DBS of GPi with respect to mood [10]. Long-term stud-
ies indicate that STN DBS still improves motor function for 
up to 10 years, although the magnitude of improvement tends 
to decline over time. The incidence and severity of dementia 
among patients receiving DBS are comparable to those among 
patients who receive medical treatment. Severe adverse events 
are rare, but adverse events such as dysarthria are common and 
probably under-reported [11].
4 DBS is widely described as reversible both in the medical 
literature as on patient information sides. However, this claim 
is false in some aspects and misleading in others [14]. Cel-
lular changes surrounding the electrodes, the risk of intracra-
nial hemorrhage during the implantation and the explantation 
of the electrodes, long-term changes in the brain as a result of 
chronic exposure to HFS [high frequency stimulation] have 
been described in the literature [14]. The insertion of the elec-
trodes might cause irreversible lesions, even with the conse-
quence of death or permanent neurological damage [8]. The 
reversibility of DBS is also questioned by many DBS experts: 

5 The letters ‘CE’ appear on many products traded on the 
extended Single Market in the European Economic Area 
(EEA). They signify that products sold in the EEA have been 
assessed to meet high safety, health, and environmental protec-
tion requirements [24].
6 For detailed descriptions of the different approaches and 
their mechanisms of action, we recommend the textbooks [4], 
[26], [27], and the papers [2], [4], [12], [16], [17], [28]- [35].

from neuropsychiatric diseases such as Parkinson’s disease or 
epilepsy. However, these interventions are generally not con-
sidered as psychiatric neurosurgery. This use of the term is in 
line with the definition of psychosurgery from the National 
Commission for the Protection of Human Subjects from 1977, 
which stated: “Psychosurgery means brain surgery on (1) nor-
mal brain tissue [of an individual who does not suffer from any 
physical disease, for the purpose of changing or controlling 
the behavior or emotions of such individual] or (2) diseased 
brain tissue of an individual, if the primary object of the per-
formance of such surgery is to control, change, or affect any 
behavioral or emotional disturbance of such individual. Under 
this wording, surgery with a dual purpose (e.g., relief of sei-
zures, as well as relief of emotional disorders) falls within the 
definition of psychosurgery if the predominant reason for per-
forming the operation is to affect the behavioral or emotional 
disturbance.” [7] (page xvi).

Footnote 2 (continued)

Our expert survey showed that about 40% of the participating 
DBS experts (strongly) disagree with the statement that DBS 
is a completely reversible procedure, whereas 43% (strongly) 
agree [15].

Footnote 4 (continued)
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Search terms: (A) (mental disorder[MeSH Terms]) 
AND (neurosurgery); (B) (mental disorder[MeSH 
Terms]) AND (“deep brain stimulation”). To ensure 
that the depicted trends do not just reflect overall 
growth of the neuroscientific literature, the absolute 
numbers of publications per year (y-axis on the right 
side) have been normalized with the overall neurosci-
ence publication activity per year using a validated 
keyword set (neuro* OR neural OR brain* OR amyg-
dala OR cerebellum OR cortical OR cortex OR hip-
pocampus; see  [37]). The left y-axis shows the rela-
tive growth per year for the sets A and B.

Modern psychiatric neurosurgery procedures are 
much safer and more effective than their predeces-
sors [2, 38]. Therefore, it is necessary to re-evaluate 
the role of historical experiences with psychiatric 
neurosurgery in assessing the modern use of these 
techniques. Furthermore, the present distinction 
between modern ablative procedures as successors of 
historical psychosurgery and DBS as a substantially 
different approach needs to be questioned, as both 
psychiatric DBS and modern ablative psychiatric 
neurosurgery represent significantly improved succes-
sors of the historical psychosurgery [8, 39]. Further-
more, DBS target selection is largely based on prior 
knowledge about lesioning [2].

From a clinical perspective, evidence indicates 
that each of these approaches has a different profile of 
advantages and disadvantages such that no procedure 
can be considered absolutely superior to another [2, 
8, 38, 40]- [43]. Specifically, DBS is advantageous for 
its adjustability and a high degree of reversibility [16, 
17], whereas radiofrequency thermocoagulation has a 

rapid onset of action, and radiosurgery and MRgFUS 
are minimally invasive and have low rates of adverse 
effects [8, 41]. All ablative procedures share the 
advantage of the permanence of the therapeutic effect 
and, accordingly, the disadvantage of the irreversibility 
of potential adverse effects. Radiofrequency thermoco-
agulation and radiosurgery have higher response rates 
for OCD and less adverse effects than DBS [40, 42]. 
Radiofrequency thermocoagulation and DBS have the 
drawback that they require full anaesthesia. Gamma 
Knife radiosurgery has the disadvantage of the use 
of radiation and the latency of the therapeutic effect 
[35]. DBS has the drawback of being very costly [2, 
40, 44, 45]7 and time-consuming for patients, limit-
ing their geographical mobility, and having high risks 

Fig. 1  Publication activity 
in psychiatric neurosurgery 
from 2000 to 2020

7 For Medicare reimbursements, the following professional 
and facility costs can be expected:
• DBS: $43,127 (in case of major perioperative complica 
    tions: $52,288) plus $22,591 for 5 years of follow-up includ 
     ing device exchange (in case of complications: $3,764).
•	 Radiofrequency thermocoagulation: $23,950 (in case of 

major perioperative complications: $34,651).
•	 Gamma Knife® radiosurgery: $17,104 (additional costs for 

major complications: $31,621).
•	 MRgFUS: $17,660 (additional costs for major complica-

tions: $31,621).
Information on the cost of Gamma Knife® and DBS was 

taken from [44], information on radiofrequency capsulotomy 
and MRgFUS from [46]. Although the first paper is about 
essential tremor and the second is about OCD, the costs are 
similar because the procedures are very similar. Furthermore, 
the same team has produced both papers using the same meth-
ods. The costs for 5 years of follow-up (including battery 
change) were taken from [45]. These numbers refer to DBS 
treatment for Parkinson’s disease.
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of infection, complications, and device malfunction 
[8, 25]. MRgFUS has the disadvantage of requiring a 
complete shaving of the skull [34]. Furthermore, the 
different approaches each have different contraindica-
tions. DBS and radiofrequency thermocoagulation 
should not be used for patients with higher risks of full 
anaesthesia and for patients using anticoagulant ther-
apy; furthermore, DBS should not be used for patients 
with higher infection risks, patients who would not 
comply with long-term follow-up, and for patients 
with behaviours such as head-banging. MRgFUS must 
not be used for patients with high skull density ratio 
(> 0.45) or structural abnormality in proximity to the 
anterior limbs of the internal capsule (ALICs) [29].

Overall, 20 years of psychiatric DBS and several 
decades of ablative psychiatric neurosurgery have 
resulted in a mixed picture of risk and benefits. It is 
difficult to compare the risk–benefit ratios of the dif-
ferent methods, particularly because they have not yet 
been compared directly.

According to an international survey of functional 
neurosurgeons, 90% felt optimistic about the future of 
psychiatric neurosurgery [47]. Nearly all respondents 
of a survey among members of the American Soci-
ety for Stereotactic and Functional Neurosurgery 
perceived the reluctance of psychiatrists to refer as a 
barrier for psychiatric neurosurgery [36]. In contrast, 
many psychiatrists are not interested in psychiatric 
neurosurgery or even strongly reject it. According 
to a survey of psychiatrists and psychiatric residents 
on their attitudes and knowledge about psychiatric 
neurosurgery, a third of psychiatrists and psychiatric 
residents consider psychiatric neurosurgery danger-
ous [48]. However, respondents were significantly 
more likely to refer patients to DBS than to ablative 
neurosurgery [48]. Psychiatrists have many barri-
ers to patient referral, including a lack of knowledge, 
administrative limitations, fear of irreversible conse-
quences, and patient/family resistance [48]. For these 
reasons DBS trials face challenges recruiting a suffi-
cient number of patients [12]. Thus, a vicious circle 
is created in that skepticism leads to low patient num-
bers in psychiatric neurosurgery studies, which thus 
have insufficient power, which in turn is reason for 
justified skepticism.

Many bioethicists and laypeople are sceptical of 
psychiatric neurosurgery as well [49]- [52].

Given the difficulty of making a comparative 
assessment of methods in psychiatric neurosurgery 
and given differing views among neurosurgeons, psy-
chiatrists, ethicists, and laypeople it is necessary to 
thoroughly investigate the concerns over psychiatric 
neurosurgery and the extent to which these concerns 
are justified.

Further research in psychiatric neurosurgery is 
warranted because of the preliminary evidence for 
its efficacy and in light of the urgent need for effec-
tive therapies for treatment-refractory psychiatric dis-
orders. However, neither the high mortality rates of 
severe psychiatric disorders nor their socioeconomic 
burden can justify therapeutic adventurism. Since 
psychiatric neurosurgery has the potential to modify 
some personality traits and the behaviour of patients, 
these interventions must meet the highest ethical and 
scientific standards.

Therefore, in the next section, we discuss the main 
concerns around psychiatric neurosurgery and sug-
gest several measures to ensure that psychiatric neu-
rosurgery research proceeds in accordance with the 
highest scientific and ethical demands.

Concerns About Psychiatric Neurosurgery

1. Concern: Modern Psychiatric Neurosurgery 
As a Successor of Lobotomy
The historic misuse of psychosurgery is one of the 
most important barriers for psychiatric neurosur-
gery according to a survey among members of the 
American Society for Stereotactic and Functional 
Neurosurgery [36].
The stigma of historical psychosurgery almost 
exclusively pertains to ablative procedures [2, 49, 
50], perhaps because the advocates of DBS have 
successfully redefined this neurosurgical approach 
as a stimulation or neuromodulation technique.
Popular media reports have been relatively posi-
tive and optimistic about DBS, but negative toward 
both historical and modern ablative psychiatric 
neurosurgery procedures [50]. Furthermore, many 
laypeople consider modern psychiatric neurosur-
gery, particularly ablative procedures, as a contem-
porary successor of lobotomies [49].
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Also, the German Association for Psychiatry, Psy-
chotherapy and Psychosomatics (DGPPN) connects 
ablative procedures – but not DBS – with the “very 
controversial history of neurolesional or ablative 
methods” [53] (p. 83).8 By contrast, the Royal Col-
lege of Psychiatrists emphasises that “contemporary 
stereotactic neurosurgical procedures – whether ste-
reotactic lesioning, or deep brain stimulation – bear 
no resemblance to those of lobotomy or leucotomy” 
[56].
Concerns over modern psychiatric neurosurgery as 
a successor of lobotomy and leucotomy are not jus-
tified given the considerable differences between 
these historical and the modern techniques. The 
use of stereotactic surgery, advances in neurosur-
gery and the use of neuroimaging have greatly 
improved the accuracy and specificity of target-
ing. Together with an improved understanding of 
neurobiology, this has significantly improved the 
safety and efficacy of both DBS and ablative pro-
cedures [2, 38].
Due to the fundamental differences between mod-
ern and historical techniques, the condemnation 
of psychiatric neurosurgery based on its historical 
predecessors is not justified. Generally, it is not 
ethically justifiable to determine the admissibility 
of medical therapies based on their history rather 
than on scientific evidence; otherwise, patients 
may be denied good therapies [57].
2. Concern: Personality Changes Through Psy‑
chiatric Neurosurgery
Some people hold concerns about the poten-
tial impact on the authentic self of patients who 
undergo psychiatric neurosurgery [52]. Some 
fear the possibility of mind control by technical 
devices in the brain. This fear mainly concerns 
DBS, which, unlike ablative neurosurgery, makes 
patients susceptible to ongoing influences [51]. 

Many OCD patients as well as many psychothera-
pists have concerns about DBS-induced personal-
ity changes [58].
The main concern of philosophers and medical 
ethicists is that psychiatric neurosurgery threat-
ens the patients’ “personal identity” or “true self,” 
and could change their personality or even trans-
form them into a “different person” [51]. However, 
this philosophical criticism is more metaphysical 
than empirically supported and exaggerates the 
risk of personality change following psychiatric 
neurosurgery, as we [59, 60] and others [61, 62] 
have shown. This criticism could contribute to 
unfounded fear in the public, and inappropriately 
discourage patients from seeking out potential 
treatments [62]. Furthermore, it has been used for 
problematic ethical and legal conclusions such as 
the denial of Ulysses contracts9 [60]. The concern 
about the threat of the personal identity seems to 
be based on a static concept of personality or on 
the idea of the sanctity of the personality. However, 
personality is not stable over a person’s lifetime 
anyway. Indeed, personality is constantly altered 
by experiences and by psychiatric or neurological 
diseases such as depression or dementia. Effective 
treatments for severe psychiatric disorders might 
arguably restore the patient’s personality.
Therefore, the ethically decisive question is not 
whether psychiatric neurosurgery can change the 
personality or not [63]- [65], but whether it does so 
in a good or bad way, i.e., first whether the result 
of change is good or bad10; second whether the 
way of change is good or bad [59] (p. 105). Con-
sequently, personality changes through interven-
tions in the brain can be considered as ethically 
problematic if they (i) occur against the patient’s 
will, (ii) harm either the patient or third persons, 
(iii) reduce the patient’s capacity for autonomy, or 

8 The DGPPN guideline on the treatment of OCD [53] does 
not consider any recent publications, summarizing only a 
review of studies from the 1970 s [54] and one Gamma Knife 
study that used excessively high radiation doses [55]. Conse-
quently, the authors reject ablative methods without further 
ado, whereas they make a cautious recommendation for DBS 
without associating it with the historical psychosurgery [53] 
(pp. 82–84).

9 Ulysses contracts can be used to determine in a legally bind-
ing manner what measures doctors should take in the event 
of psychosis or mania, if necessary, against one’s own will, 
in order to restore one’s capacity for insight and control and 
to avert serious consequences of a pathological or iatrogenic 
change of will.
10 Of course, the evaluation of personality changes strongly 
depends on culture, ideology and on individual evaluations 
[64], [66].
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(iv) diminish valuable abilities.11 Whereas nega-
tive personality changes should be avoided, posi-
tive personality changes should be accepted or 
even encouraged, regardless of whether they are of 
natural or surgical origin.
Whether personality changes will occur as a result 
of psychosurgery at all has been the subject of 
controversy since the 1960 s [68]. On the one side, 
personality change as a result of psychosurgery 
has been commonly offered as the rationale for its 
effectiveness; on the other side, it was denied that 
improvement in mood meant a change in personal-
ity [68]. Bouckoms concludes that “true personal-
ity traits”, particularly the attitude to morality, sex, 
religion and family, are not changed [68]. In con-
trast to the medico-ethical literature, in the medical 
literature about psychiatric neurosurgery, the term 
“personality change” is rather unusual. System-
atic comparisons of the pre- and post-personality 
of patients (e.g., in terms of the “Big Five”12) are 
very rare. One example is a Gamma Knife cap-
sulotomy study with OCD patients which found 
that the responders showed a significant reduction 
in neuroticism and an increase in extraversion; 
this pattern of personality change was generally 
towards normal personalities, and no deleterious 
effects on personality were observed [70].
Information about personality changes can some-
times be found in sections about permanent 

adverse effects. Reported are especially cases of 
aggression, disinhibition, hypomania, hypersexu-
ality, impulsivity, and agitation after DBS [71, 
72]. After lesional procedures, apathy, disinhibi-
tion, hypersexuality, impulsivity or agitation have 
occurred [55, 71].
Several reviews and medico-ethical papers sum-
marize information from studies and case reports 
about personality changes after different neuro-
surgical interventions for neurological and/or psy-
chiatric disorders, e.g., [64, 66, 71, 73]- [76]. For 
all treatment options, the spectrum of personality 
changes is heterogeneous; positive as well as nega-
tive changes are reported. However, permanent 
negative changes are rare.
Particularly important for understanding the spec-
trum of personality changes are the few interview 
studies with patients and/or their caregivers, e.g., 
[72, 77, 78]. They provide deeper insight into the 
patients’ experiences with personality change than 
studies with standard psychometric personality 
measures [72].
Some patients have reported impressively in auto-
biographical books how they recovered from 
severe OCD after Gamma Knife capsulotomy [79, 
80].
Whereas some DBS patients experience the “resto-
ration of their old self” [72] or perceive themselves 
as “a new and improved version” of themselves 
[81], others feel “dehumanized “ [72].
Altogether, the scientific knowledge about per-
sonality changes after psychiatric neurosurgery is 
more anecdotic than comprehensive and system-
atic. One reason for that is the conspicuous lack 
of instruments which target and adequately depict 
personality-related changes following psychiatric 
neurosurgery [82]. Another reason is that no study 
to date has directly compared DBS and ablative 
surgery [71]. Therefore, not much is known about 
the different frequency of personality changes after 
the different neurosurgical interventions.
Instead of metaphysical discussions about threats 
to the personal identity, we plead for a prag-
matic approach: empirical research on personality 
changes arising from brain disorders or the differ-
ent kinds of psychiatric neurosurgery, and com-
prehensive information about risks of personality 
changes.

11 These conditions are derived partly from Beauchamp and 
Childress’ principles [67], partly from Müller’s refinement 
of the principles with regard to neurosurgical interventions, 
which could change the personality or the capability for auton-
omy [59] (pp. 91–106). The first condition (occur against the 
patient’s will) clearly violates the principle of respect for the 
patients’ autonomy. According to Müller, also the third con-
dition (reduce the patient’s capacity for autonomy) violates 
this principle because it does not only mean to respect exist-
ing autonomy, but beyond that, to save or restore the biologi-
cal and social prerequisites of autonomy if they are endangered 
[59] (p. 98). The first part of the second condition (harm the 
patient) obviously violates the principle of non-maleficence, 
whereas its second part (harm third persons) violates this prin-
ciple only, if it is expanded to third persons, who are indirectly 
concerned by a given intervention [59] (p. 104). Interventions 
which might harm indirectly third persons might also violate 
the principle of justice [59] (p. 104). The fourth condition 
(diminish valuable abilities) obviously violates the principle of 
non-maleficence.
12 The “Big Five” are the basic personality traits, namely 
extraversion, neuroticism, agreeableness, conscientiousness, 
and openness to experience [69].
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3. Concern: Localised Interventions Instead of 
Holistic Ones
Other concerns centre on the use of localised inter-
ventions into the brain, under the assumption that 
only a holistic approach can be successful to treat 
psychiatric disorders.
However, this critique is partly based on a mis-
understanding of how psychiatric neurosurgery 
works. Psychiatric neurosurgery is more than a 
localised intervention. The localised stimulation 
or ablation influences large networks of neurons 
and therefore can have whole brain-wide effects 
[13]. For example, neuroimaging studies suggest 
that overactivity of cortico-striatal-thalamocortical 
circuits plays a role in OCD [25, 32]. On these 
grounds, psychiatric neurosurgery that intervenes 
in these circuits can be regarded as just as holistic 
a brain therapy as psychopharmacology.
However, the brain-based concept of psychiatric neu-
rosurgery is diametrically opposed to the approach 
of psychotherapy and to a psychosocial understand-
ing of psychiatric disorders. Therefore, no common 
therapeutic tradition exists, and it is difficult to imag-
ine how the gap between these two therapeutic cul-
tures could be bridged.
4. Concern: Lack of Scientific Evidence of Psy‑
chiatric Neurosurgery
Finally, many psychiatrists and patients are scep-
tical of psychiatric neurosurgery because it lacks 
scientific evidence for its efficacy and safety. In a 
study with patients suffering from treatment-resist-
ant depression, the majority said they would not 
try DBS until large controlled clinical studies had 
been performed, and many would wait for robust 
trials showing excellent results [83]. The potential 
for adverse effects is the most ubiquitous barrier 
for patients and clinicians when considering psy-
chiatric neurosurgery according to a survey among 
members of the American Society for Stereotactic 
and Functional Neurosurgery [36]. The concern 
about adverse effects, particularly about surgery-
related complications, was frequently expressed by 
patients suffering from treatment-resistant depres-
sion [83] or OCD [58], as well as by psychiatrists 
and psychotherapists [58].
The concern about scientific evidence for the effi-
cacy and safety is the most important one, and we 
will therefore consider it in detail. Indeed, most 
of the studies in psychiatric neurosurgery do not 

meet the basic scientific criteria that are standard 
in pharmaceutical research. In particular, most 
studies of psychiatric neurosurgery procedures 
are neither sham-controlled nor double-blind, 
and few studies have adequate statistical power. 
No pharmaceutical researcher would accept these 
studies as sufficient evidence in favour of the 
intervention.
On the other side, neurosurgeons who use ablative 
procedures are convinced that a multitude of open-
label studies and many years of practical experi-
ence have sufficiently proven the efficacy of psy-
chiatric neurosurgery procedures [2]. Randomised 
controlled trials (RCTs) with ablative procedures 
versus sham operation are ethically problematic 
because of the high level of risk and harm of neu-
rosurgical interventions which is not balanced by 
any clinical benefit.13

Obviously, the cultures of research in psychia-
try and neurosurgery differ from one another. For 
psychiatric neurosurgery to be accepted by psy-
chiatrists, the crucial question is this: How can 
psychiatric neurosurgery research meet the criteria 
of evidence-based medicine despite practical and 
ethical limitations? There is general agreement 
that invasive, burdensome, and risky procedures 
– which are also associated with enormous costs 
– should not be introduced into clinical practice 
without good scientific evidence. Therefore, the 
effectiveness, efficiency, and spectrum and rate 
of adverse effects for each new treatment method 
must be investigated carefully before it is broadly 
used.
The gold standard of evidence-based medicine 
is the RCT, a trial designed to exclude placebo 
or doctor effects. However, RCT ideal can be 
perfectly met only in experiments with geneti-
cally identical animals raised under identical 
conditions. In most human studies, different 
forms of bias occur [85]. To compensate for 
such bias, studies require either a high number 

13 The ethical arguments against sham surgery have been dis-
cussed controversially in the last decade [84]. Although there 
is no absolute ban against sham surgery in neurosurgery any-
more, sham operations with craniotomy in patients suffering 
from severe psychiatric disorders do not fulfill the require-
ments of the ethical assessment as defined by Horng and Miller 
[84] because of the high level of risk and the often-affected 
decision-making capacity of the patients.
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of participants or extensive statistical work. In 
psychiatric neurosurgery, high numbers of study 
participants cannot be realized because the pool 
of potential surgical candidates is extremely 
small.14

RCTs are especially important in the follow-
ing cases: (i) if the symptoms often respond 
to a placebo or to a doctor’s special attention 
(e.g., depressive mood, pain, nausea); (ii) if the 
symptoms are mainly subjective and the abil-
ity to measure them by objective methods is 
limited (e.g., depressive mood or pain); (iii) if 
the treatment bears a large potential for placebo 
effects (e.g., invasive treatments, expensive treat-
ments, high-tech treatments, treatments hyped in 
the mass media, or treatments with augmented 
patient-practitioner interactions) [87]; (iv) if the 
effect will occur only after a long waiting period, 
in which many other factors can influence the 
outcome (e.g., psychoanalytical therapy); or (v) 
if the symptoms may resolve without treatment 
(e.g., depressive episodes).
RCTs are less important when the symptoms for 
the disorder in question do not respond to placebo 
treatments (e.g., blindness or deafness) or can be 
measured objectively (e.g., seizures, dystonia) or 
if the effect of the treatment in question occurs 
quickly (e.g., decline of pneumonia after antibio-
sis) or can be switched on and off (e.g., hearing 
with cochlear implant).15

An RCT investigating a treatment with a large 
intrinsic placebo effect generally requires more 
participants than a treatment with a smaller pla-
cebo effect [87]. This might explain why some 
treatment methods with promising initial open-
label, single arm studies have mixed results in 
subsequent (underpowered) RCTs [87]. In some 
cases, the “efficacy paradox” occurs [87], leading 

to a faulty evaluation of methods that have a large 
effect, but also a large placebo effect.16 In such 
cases, it is worth investigating the placebo effect 
more closely.
RCTs are also important for differentiating between 
two different effects of a single treatment, e.g., the 
lesion effect and the stimulation effect of DBS. Tri-
als with sham stimulation are ethically permissible for 
investigating the stimulation effects. However, sham 
operations without electrode insertion are not ethically 
permissible; therefore, it is not possible to differenti-
ate between the lesion effect of DBS and the placebo 
effect. Regarding the lesion effect, DBS studies have 
the same limitations as ablative neurosurgery studies.
However, RCTs are not the only study designs that 
can produce valuable scientific evidence. If a treat-
ment cannot be tested in an RCT for practical or 
ethical reasons, other strategies are available. In 
particular, head-to-head comparisons and pre- and 
post-treatment comparisons of a sufficient number 
of patients can prove the efficacy of a method and 
document its spectrum and rate of adverse effects. 
Another possibility is an n-of-1 trial [88, 89], inso-
far as it is ethically justifiable.
An evidence-based comparison of different psychiat-
ric neurosurgery procedures is necessary. To date, it 
has not been possible to prove the superiority of one 
particular approach in terms of efficacy, efficiency, 
risks, adverse effects, costs, and patient acceptance.

General Recommendations for Research 
in Psychiatric Neurosurgery

Cooperation and Competition

We argue for both cooperation and competition between 
the different psychiatric neurosurgery approaches. 

15 For example, if a patient with monocular blindness is able 
to see again binocularly after the surgical removal of a brain 
tumor that had comprised the visual nerve, the success of 
the intervention has been undoubtably proven. However, if 
6 months after DBS the cognitive decline of an Alzheimer’s 
patient is minimally smaller than the average cognitive decline 
of a group of Alzheimer’s patients, it is still questionable 
whether the effect has been caused by DBS or by something 
else that happened during the 6-month period.

16 Burke et al. explain the differential placebo effects paradigm 
through the following hypothetical trial: Drug A and Device B 
are tested as treatments for the same condition. Drug A is com-
pared with an inert pill, Device B with a sham device. Drug 
A has a moderate treatment-specific effect with a small pla-
cebo effect, whereas Device B has a large placebo effect and a 
smaller treatment-specific effect. However, the overall effect of 
Device B is larger than that of Drug A. Statistical significance 
is found for the trial of Drug A, but not for Device B. There-
fore, Device B would not be considered efficacious. However, 
with regard to the overall treatment effect, Device B is superior 
to Drug A. This is the “efficacy paradox” [87].

14 In the USA, only 4,020 OCD patients in total (or 184 OCD 
patients per year) are considered good candidates for psychiat-
ric neurosurgery [86].
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Some medical centres offer both DBS and neuroabla-
tion, thereby guaranteeing cooperation and competi-
tion. We are convinced that the different approaches can 
mutually support one another’s future development. In 
the long-run, DBS could become the preferable method 
for exploring new targets because of its high degree 
of reversibility, whereas well-established targets could 
become candidates for radiofrequency thermocoagula-
tion, radiosurgery, or MRgFUS [41].

A direct comparison of all psychiatric neurosur-
gery approaches would be optimal. However, the sci-
entific standard of randomised, sham-controlled, and 
double-blind experiments comparing all approaches 
cannot be conducted for practical and ethical rea-
sons.17 To compensate for this limitation, we rec-
ommend investigating the different procedures sepa-
rately, but using the same inclusion criteria, outcome 
parameters, and criteria for reporting adverse effects. 
Furthermore, we recommend performing clinical 
studies that directly compare two or more alternative 
neurosurgical treatments.

Individual Treatment Attempts With Procedures With 
Preliminary Evidence

There is a major difference between research studies 
of a neurosurgical method and individual treatment 
attempts with that method, for which only some pre-
liminary evidence exists.

Article 37 of the Declaration of Helsinki [90], in 
addition to the laws of many countries, allow indi-
vidual treatment attempts of certain therapies and 
procedures under certain circumstances. However, 

undergoing an individual treatment attempt typically 
requires that the treatment in question be FDA- or 
EMA-approved for another relevant medical indica-
tion (i.e., “off-label”). However, many psychiatric 
neurosurgery interventions are not yet approved by 
regulatory authorities for the treatment of psychiatric 
symptoms. In Germany, such treatments can only be 
seen as “compassionate use,” if the condition is life-
threatening and clinical trials are to be conducted [91].

For many applications (e.g., new DBS or lesion 
targets), some evidence for beneficial effects exists, 
but it is preliminary because the studies did not have 
a control group or involved too few participants. In 
these cases, we recommend further investigating 
these applications in hypothesis-driven clinical tri-
als with enough statistical power and, if ethically 
justifiable and technically feasible, in double-blind 
controlled studies. This strategy requires cooperation 
between multiple centres in order to enrol a sufficient 
number of patients.

Comprehensive Investigation of Treatment-resistance

An important inclusion criterion for studies of psy-
chiatric neurosurgery procedures is usually that the 
patient is treatment-resistant. Treatment-resistance is 
typically diagnosed when a patient has not responded 
to a certain number of psychopharmacological and 
psychotherapeutic treatments, possibly including 
electroconvulsive therapy [86]. However, this crite-
rion is problematic for two reasons.

First, we have found several studies, especially 
studies with anorexia nervosa patients, in which 
treatment-resistance was questionable, because most 
patients either had been ill for less than two years or 
had not received all standard therapies [74].

Second, even if the standard criteria for treatment 
resistance are fulfilled, it is possible that the patient is 
treatment-resistant to psychiatric drugs, but not to all 
kinds of drugs. Many case reports and several clinical 
studies document how seemingly treatment-resistant 
psychiatric patients were healed by anti-inflammatory 
drugs [92]- [94], plasma exchange and/or immunother-
apy [95, 96], antibiotics [97], or a gluten-free diet [98].

Before an intervention as invasive as psychiatric 
neurosurgery should be considered, all potentially 
causal therapies should be tried, firstly, because they 
might fix the disorder permanently instead of just 
curing symptoms, secondly, because they are usually 

17 A randomization of patients to radiofrequency thermo-
coagulation, radiosurgery, MRgFUS or DBS is not possible, 
because it has to be expected that most patients have strong 
preferences for a certain approach and would not accept to be 
treated with an approach which they refuse. This would cause 
a strong bias due to a high number of patients rejecting their 
participation after randomization. Furthermore, it is impos-
sible to blind the patients with regard to the therapy received. 
Even if all patients would receive full anaesthesia, they could 
easily find out whether they had been treated with Gamma 
Knife, MRgFUS, radiofrequency thermocoagulation or DBS. 
From an ethical point of view, it is not acceptable to treat all 
patients with full anaesthesia only for blinding them, because 
full anaesthesia is not necessary for radiosurgery, and would be 
an additional risk. Finally, shame operations in the skull would 
harm the patients severely; therefore, they are ethically not 
acceptable.
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less invasive and dangerous. Therefore, we recom-
mend that patients with mental illness undergo com-
prehensive somatic and neurological investigation 
to determine possible somatic causes of a psychiat-
ric disorder, no matter how unlikely they may be. In 
particular, autoimmune diseases, infectious diseases 
(including neglected tropical diseases), hormonal 
disturbances, food intolerances (e.g., celiac disease), 
malnutrition (e.g., vitamin  B6,  B12, or D deficiencies, 
etc.), and parasite infections should be assessed as 
potential causes of the mental disorder.

Furthermore, patients whose psychiatric symptoms 
are caused and maintained by their social circum-
stances should not be treated with psychiatric neu-
rosurgery. In these cases, the social situation should 
first be improved.

Inclusion of Patients Into Studies Based on Disease 
Causes Instead of DSM or ICD Diagnoses

Biologically orientated psychiatry views psychiatric 
disorders not as disease entities but rather as clusters 
of symptoms which may have quite different aetiolo-
gies and require quite different treatments. From this 
perspective, it does not make sense to treat psychiat-
ric disorders caused by social exclusion, mobbing, or 
loneliness with the same therapy as psychiatric disor-
ders caused by viral or bacterial infections, metabolic 
disorders, chronic pain disorders, hormonal distur-
bances, or brain diseases.

Furthermore, it does not make sense to treat, for 
example, all anorexia nervosa patients in the same 
way, regardless of whether their symptoms are char-
acterised more by anxiety, depression, or OCD. 
Therefore, we recommend the treatment of symp-
toms rather than diagnoses; in other words, targets 
for lesioning or stimulation should be selected on 
grounds of an individual patient’s key symptoms 
instead of DSM or ICD diagnoses [74]. For example, 
for each individual anorexia nervosa patient the tar-
get should be selected according to whether OCD or 
depressive symptoms dominate.

Case Registries, Obligation to Publish, and 
Long-term Follow-up Studies

The demand for case registries is not new. As early 
as 1977, a registry was recommended in a report on 
psychosurgery by the U.S. National Commission 

for the Protection of Human Subjects of Biomedical 
and Behavioral Research [7]. With regard to DBS, 
Schläpfer and Fins demanded that all single case 
studies be registered in a comprehensive registry of 
initiated clinical studies [99]. They warned that publi-
cation bias leads to a distortion of available evidence, 
and this can harm patients, who might undergo proce-
dures that might not be justified if all data were avail-
able. Furthermore, publication bias leads to unneeded 
clinical studies and squandering of resources. A 
national or international case registry would also 
serve to further inform candidate selection and opti-
mize patient outcomes for the very unique pool of 
psychiatric neurosurgery patients [86].

An international expert group has recommended 
an independent registry for all patients undergoing 
neurosurgery for psychiatric disorders [21]; however, 
such a registry has not yet been established.

We also strongly recommend the registration not 
only of all clinical studies, but also of all individual 
treatment attempts in psychiatric neurosurgery. For each 
patient, the registry should contain psychiatric scores, 
data on quality of life and social functioning, and pre- 
and post-operative data including all adverse effects. 
The registry should be publicly available so that all 
researchers and patient organisations can use the infor-
mation. The scientific evaluation of the registry could 
contribute to evidence-based answers to questions 
regarding personality changes. For example, the data 
analysis could reveal which biological, intervention-
specific, and psychosocial factors influence whether 
personality changes occur, whether they are permanent, 
and how patients evaluate them. Information on the sta-
tus of ongoing studies and their results should be pub-
lished in the registry on agreed dates. Sanctions should 
be imposed for non-compliance, e.g., the exclusion of 
the institution concerned from public funding for a cer-
tain period of time.

Publication bias and selective reporting are a 
known issue in biomedical research [100], and neu-
rosurgical research is not immune to this [101]. Fewer 
than half of U.S. clinical trials have complied with the 
law on reporting results [102]. Similarly, academic 
research in Germany also has low rates of result 
reporting [103].

We recommend that funding organisations stipulate 
that the results of the studies must be published – even 
on the institution’s homepage if necessary (i.e., if no 
serious journal wants to publish them). Another option 
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is so-called pre-print archives (bioRxiv, medRxiv, osf.
io) that publish results without peer-review and assign 
a Digital Object Identifier (DOI) that can be cited by 
other scientific publications. Within 12 months, results 
from completed clinical research should be published 
on ClinicalTrials.gov or EUdraCT.

Furthermore, long-term prospective follow-up stud-
ies of psychiatric neurosurgery are necessary. Research 
and clinical protocols should include support for long-
term safety and efficacy studies on psychiatric neuro-
surgery with at least 5–10 years of follow-up [21].

With these measures, two problems that under-
mine the credibility of psychiatric neurosurgery could 
be overcome: first, the problem of too few cases, and 
second, the problem of publication bias.

Recommendations for Research on Different 
Psychiatric Neurosurgery Approaches

In the following paragraphs, we summarize the cur-
rent state of knowledge for the different psychiatric 
neurosurgery procedures and formulate concrete rec-
ommendations based thereon.

Recommendations for Radiofrequency 
Thermocoagulation

Several prospective open-label studies with individ-
ual pre- and post-surgery comparisons have been per-
formed; these consistently show large effect sizes in a 
relevant number of patients.

A review by Pepper et al. of radiofrequency ante-
rior capsulotomy studies for OCD found that 79% of 
patients (i.e., 125 of 158) had a clinically significant 
response18 (publications from 2002 to 2018) [43].

A systematic review by Brown et  al. compared 
dorsal anterior cingulotomy for OCD (2 studies, 81 
patients) with anterior capsulotomy (8 studies, 112 
patients) [28]. The mean reduction in Y-BOCS score 
was 37% for cingulotomy and 57% for capsulotomy. 
The average full response rate to cingulotomy was 
41% and 54% to capsulotomy. The rate of serious or 
permanent adverse effects was higher for capsulot-
omy than for cingulotomy (21.4% vs 5.2%) [28].

Pepper et al. compared microsurgical and radiosur-
gical anterior capsulotomy studies with DBS studies 
(in the VC/VS or NAcc) for OCD. They determined 
that anterior capsulotomy was superior (average 
response rate: anterior capsulotomy: 62%; DBS: 52%) 
[42].

A systematic meta-analytic study compared out-
comes of neuroablation (radiofrequency thermocoag-
ulation and radiosurgery) versus DBS for OCD with 
regard to both safety and utility [40]. Data from 56 
studies (involving 681 patients) were included. The 
pooled ability to reduce Y-BOCS scores was 50.4% 
(± 22.7%) for neuroablation and 40.9% (± 13.7%) for 
DBS. Adverse effects occurred in 43.6% (± 4.2%) 
of neuroablation cases and 64.6% (± 4.1%) of DBS 
cases (p < 0.001). Overall, neuroablation was superior 
to DBS in its cumulative overall effect on utility [40].

The most recent meta-analysis compared capsul-
otomy and cingulotomy (microsurgery and radiosur-
gery) with DBS for OCD [71]. Data from 38 studies 
(697 patients) were included. DBS and ablative sur-
gery showed equal efficacy. A statistically higher rate 
of impulsivity and a trend toward a statistically signif-
icant higher rate of (hypo)mania were reported after 
DBS than after capsulotomy [71].

A review by Volpini et al. reported that 30–60% of 
patients benefited from radiofrequency thermocoagu-
lation for MDD [35].

In a retrospective study with 10 patients with 
autism spectrum disorder, severe (self)aggressiveness 
and obsessive behaviors, radiofrequency treatment 
and/or Gamma Knife radiosurgery led to a significant 
symptom improvement in all patients [104]. Compli-
cations were transient and manageable, and the cog-
nitive and neurological situation of the patients did 
not worsen after the interventions [104].

None of these studies were RCTs. However, eth-
ics committees would not allow sham-controlled, 
double-blind radiofrequency thermocoagulation stud-
ies, and it would be unrealistic to demand them. How-
ever, further efforts should be undertaken to exclude 
possible placebo effects in psychiatric neurosurgery 
studies. We recommend head-to-head comparisons 
between a group that undergoes surgery and a con-
trol group (e.g., patients on the waiting list), wherein 
the patients and controls are matched 1:1 for symp-
tom severity, age, and gender. Such a study has been 
performed with five patients who underwent anterior 
capsulotomy and five control patients. Both groups 

18 In the OCD studies, response is defined as a > 35% improve-
ment in Y-BOCS score and remission is defined as a Y-BOCS 
score < 8.
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received the same pharmacological and psychothera-
peutic treatment. The reduction of Y-BOCS was sig-
nificantly larger in the operated group [105].

Additionally, we recommend studies that involve 
direct comparisons of different surgical approaches, 
e.g., capsulotomy and cingulotomy, or different lesion 
characteristics in RCTs. As long as there is clinical 
equipoise, such studies are ethically justifiable. If 
the efficacy between the two approaches differs sig-
nificantly, this would be a strong argument against 
the suggestion that neuroablation has only a placebo 
effect. For example, Steele et  al. found that better 
clinical outcomes of anterior cingulotomy were asso-
ciated first with anterior lesions compared to poste-
rior lesions, and second with smaller lesions [106]. 
If lesion localisation and volume do predict the out-
come, this provides evidence against the hypothesis 
that anterior cingulotomy is a nonspecific or mere 
placebo treatment [106]. However, further research is 
necessary to validate this hypothesis.

Important to note is that for OCD, neuroablation 
(radiofrequency thermocoagulation and radiosur-
gery) has higher response rates than DBS and is safer 
than DBS [40, 42]. Based on the available evidence, 
we think that treatment guidelines should recom-
mend anterior capsulotomy for selected patients with 
severe, treatment-refractory OCD. According to the 
Strength of Recommendation Taxonomy (SORT), the 
recommendation should be of level B, i.e., a “recom-
mendation based on inconsistent or limited quality 
patient-oriented evidence”  [107]. For a level A rec-
ommendation based on consistent and good-quality 
patient-oriented evidence, a well-designed and ade-
quately powered randomised controlled trial showing 
patient-relevant clinical differences between anterior 
capsulotomy and best practice standard of care would 
be required [107].

Recommendations for Gamma Knife Radiosurgery

Gamma Knife radiosurgery has been used in the psy-
chiatry field since the 1950 s [33]. However, the num-
ber of psychiatric patients treated with Gamma Knife 
in recent years is small.

A systematic review by Miguel et  al. examined 
13 studies (ranging from 3 to 55 patients) of Gamma 
Knife for OCD, reporting response rates between 
25% and 71.4% and an average Y-BOCS reduction of 
36.4% to 74.6% [108].

The largest study included in the review enrolled 
55 OCD patients and reported a response rate of 
56% [109]. Because this study was not double-blind 
or placebo controlled, placebo effects cannot be 
ruled out. However, it is unlikely that the observed 
effects were placebo effects. The main argument 
against a placebo effect is that the first patients were 
treated with one shot, but this treatment did not 
reduce the Y-BOCS statistically significantly. Most 
of these patients received a second shot. After that, 
a significant Y-BOCS reduction occurred. Another 
group of patients received a double-shot treatment, 
and this group also showed a significant Y-BOCS 
reduction. The study authors had expected that the 
single shot lesion alone would be effective, but this 
was not the case. Only the treatment with two shots 
(either single shot repeated or double-shot) was 
effective.

An international, multicentre, retrospective cohort 
study of gamma ventral capsulotomy (40 patients) 
reports 45% responders (40% in remission) [110].

Very few studies have investigated Gamma Knife 
for MDD. In a single case study, a patient who had 
suffered from severe depression for 30 years and 
made nine suicide attempts experienced a HAM-D 
reduction of 82.6% four months after Gamma Knife 
subcaudate tractotomy [111]. In an open label study 
with three patients, a mean BDI reduction of 65% was 
observed 2 years after Gamma Knife cingulotomy 
[33].

In general, the time course of the success of 
Gamma Knife treatment in psychiatric indications 
was similar to that of other functional indications. 
This speaks against the fact that this procedure has 
only a placebo effect [111].

Gamma Knife RCTs are technically feasible since 
the patients cannot perceive whether they are treated 
or not. However, with elder Gamma Knife mod-
els, sham treatments would be ethically problematic 
because also the sham group would receive consider-
able radiation. Therefore, for studies with these mod-
els it would be necessary to provide a special shelter 
against radiation for the sham group. These technical 
hurdles may explain why, until now, only one Gamma 
Knife RCT has been performed for any psychiatric 
disorder.

The first (and only) Gamma Knife RCT with OCD 
patients showed an average Y-BOCS reduction of 
28.6% in the treatment group vs. 5.8% in the sham 
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group after 12 months [112]. The response rate in the 
treatment group was 25% (2 out of 8 patients) vs. 0% 
in the sham group (0 out of 8 patients) [112]. How-
ever, the differences between the two groups were not 
statistically significant [112].

With the newer Perfexion® and ICON® Gamma 
Knife models, radiation sources remain fully covered 
so that patients do not receive radiation while they lie 
in the machine. Consequently, the main ethical argu-
ment against Gamma Knife RCTs would not apply 
when one of these models is used.

Gamma Knife RCTs for OCD could nevertheless be 
ethically problematic because there is no clinical equi-
poise between the treatment and control groups (i.e., 
the control group would be probably disadvantaged). 
Although the available evidence for the efficacy of 
Gamma Knife treatments for OCD is not yet sufficient 
for a strong recommendation, it is strong enough to 
question the clinical equipoise. This is of particular 
relevance because the sham-controlled period must 
last at least one year before the treatment effects can 
completely manifest. Furthermore, we expect that 
patients would not participate in an RCT if they could 
receive treatment directly in other facilities. There-
fore, the acquisition of a sufficient number of patients 
would be a difficult and time-consuming process that 
would certainly necessitate a multi-centre study.

The available evidence supports a level B recom-
mendation according to SORT [107] for Gamma 
Knife radiosurgery in selected patients with severe, 
treatment-refractory OCD.

Recommendations for Magnetic Resonance-guided 
Focused Ultrasound (MRgFUS)

Very recently, MRgFUS has been introduced into 
psychiatric neurosurgery [29, 113]— [115]. MRg-
FUS has proven efficacy, safety, and cost-efficiency 
for essential tremor [34, 44] plus cost-efficiency for 
OCD [46].

In a study of MRgFUS for OCD, 54.6% of patients 
(6 of 11) were responders after 24 months [30]. The 
mean Y-BOCS reduction was 38.1%. Additionally, 
depression and anxiety decreased significantly. Partici-
pants’ neuropsychological functions were unchanged 
or partly improved, and no significant psychiatric or 
behavioural adverse events were reported. During treat-
ment, patients only experienced mild adverse effects, 
which resolved after the treatment [30]. Although 

OCD symptoms began to decrease only one week after 
treatment, the improvement further increased during 
the 24-month observation period [30]. Another study 
of MRgFUS for OCD reported similar results: 66.7% 
of patients (4 of 6) were responders, and the mean 
Y-BOCS reduction was 33.3% [114].

In a MRgFUS study for MDD, all four patients 
responded to the treatment with an at least 50% 
improvement in the HAM-D total score [116]. Per-
manent physical, neurological or psychological com-
plications were not observed, but the body weight 
of all patients increased (mean weight: + 7.5 kg after 
12 months) [116]. A further MRgFUS study for MDD 
reported that 33.3% of patients (2 of 6) responded 
[114].

MRgFUS capsulotomy did not adversely impact 
cognitive function across several domains (study with 
5 OCD and 5 MDD patients) [113].

Although these first experiences are promising, 
two small uncontrolled studies are not sufficient to 
prove the effectiveness of MRgFUS for OCD or to 
comprehensively evaluate its risk profile. Therefore, 
we recommend that two different research groups 
carry out RCTs independently of each other.

However, it is not known whether effective blind-
ing is possible in trials of MRgFUS because many 
patients feel heat, headaches, and vestibular symp-
toms during the treatment. In an RCT for essential 
tremor, most patients correctly guessed their assign-
ment to the treatment vs. sham group, respectively 
[117]. To solve this, harmless side-effects could 
be reproduced in the control group, or side-effects 
should be completely suppressed in the treatment 
group through drugs.

Recommendations for Deep Brain Stimulation

The spectrum of psychiatric indications for DBS has 
broadened: currently DBS is trialled for OCD, MDD, 
Tourette syndrome, aggressive disorder, anorexia ner-
vosa, drug addiction, schizophrenia, severe adiposity, 
and Alzheimer’s dementia [13, 118].

Most psychiatric DBS studies are small, open-label 
studies, of which most report impressive response 
rates. However, the results of these trials are incon-
clusive and have not been confirmed by RCTs so far. 
For DBS, RCTs are technically feasible and ethi-
cally justifiable. However, most DBS RCTs to date 
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have been conducted in OCD and major depressive 
disorder.

In RCTs, two types of sham-control can be used: 
(i) Staggered-onset, in which patients are randomized 
to active vs. sham stimulation in a blinded fashion for 
several months, followed by an open-label continua-
tion phase, in which all patients receive active stimu-
lation; (ii) Cross-over, in which all patients receive 
active stimulation after surgery, and the stimulation 
parameters are individually optimized. After several 
weeks or months of stimulation in the first group, 
the stimulation is switched off without the patients’ 
knowledge. After a certain period, the stimulation 
is switched on again in the first group, whereas it is 
switched off in the second group. Therefore, patients 
can be compared with and without active stimula-
tion. However, if symptoms worsen after switching 
off the stimulation, this does not prove the effective-
ness of DBS, but may instead be a carry-over effect, 
comparable to withdrawal symptoms after the dis-
continuation of opiates. Furthermore, the blinding 
of the patients is also questionable in DBS RCTs: 
The authors of a DBS crossover RCT for treatment-
resistant MDD admitted: “Although these patients 
[in the cross-over phase] were blinded to active vs 
sham DBS, they could accurately predict the stimu-
lation setting” [119]. Therefore, cross-over studies 
cannot adequately investigate the effectiveness of the 
stimulation. Rather, they investigate the effect of the 
sudden withdrawal of stimulation. Additionally, the 
often-described exacerbation of symptoms after DBS 
battery depletion does not prove the efficacy of DBS 
but might rather be a withdrawal effect.

The problem of both study types is that all patients 
are operated on, so placebo effects and lesion effects 
have to be expected for all patients. Therefore, strictly 
speaking, no real sham-controlled DBS studies have 
yet been performed with psychiatric patients. For 
that, another control group would be necessary that 
receives a sham operation without electrode implan-
tation. However, this must not be done for ethical 
reasons.

For OCD, ten different targets have been tested 
to date [120]. A review by Kohl et  al. including 25 
papers with a total of 109 patients found response 
rates ranging from 45.5% to 100% [121]. A review 
by Pepper et  al. including 10 studies with a total of 
62 patients reported an average response rate of 
52% [42]. However, these reviews comprise mostly 

uncontrolled studies. A recent systematic review by 
Vicheva et  al. comprising eight RCTs with a total 
of 80 patients found a pooled mean reduction in 
Y-BOCS of 38.7% [120].

A systematic review and meta-analysis from 
Kisely et al. including five RCTs (44 patients in total) 
found statistically significant differences between 
sham and real DBS stimulation [122]. However, all 
but one study (including 6 patients) [123] adopted 
a cross-over design, so placebo effects due to carry-
over effects cannot be excluded [120].

Indeed, a meta-analysis of individual patient data 
(four RCTs, including a total of 49 patients) found 
that sham stimulation also induced a significant 
reduction in the Y-BOCS score [124]. This suggests 
that placebo and/or micro-lesion effects also exist in 
DBS for OCD [124].

Vicheva et  al. state: “DBS for OCD remains 
strictly experimental and is reserved only for carefully 
selected patients” [120]. In 2017, the Royal College 
of Psychiatrists states that “all DBS procedures for 
all psychiatric indications” are “investigational” and 
“should not be performed unless as part of an ethi-
cally approved research protocol” [56]. According to 
the consensus guidelines of the World Society for Ste-
reotactic and Functional Neurosurgery (WSSFN) pub-
lished in 2014, a therapy becomes established when 
“at least two blinded randomized controlled clinical 
trials from two different groups of researchers are pub-
lished, both reporting an acceptable risk–benefit ratio, 
at least comparable with other existing therapies. The 
clinical trials should be on the same brain area for 
the same psychiatric indication.” [21]. In 2021, the 
WSSFN states that for otherwise treatment-refractory 
OCD, DBS “in the ventral anterior capsule region 
(including bed nucleus of stria terminalis and nucleus 
accumbens) remains investigational. It represents an 
emerging, but not yet established therapy.” [23]. This 
statement is based on two blinded RCTs (one with 
level I evidence, the other with level II evidence), a 
clinical cohort study, and a prospective international 
multi-centre study [23]. This WSSFN statement rep-
resents “a step forward”, but the authors emphasize 
that in order to meet the WSSFN criteria of the 2014 
consensus paper [21], “at least one additional, well-
designed, blinded clinical trial will be necessary” [23]. 
They state: “Until then, surgery can be offered for 
refractory OCD based on the promising data obtained 
thus far, albeit with proper regulatory oversight. In the 
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US, despite the FDA HDE approval statement from 
2009, review by an institutional review board (IRB) 
remains necessary. It is our view that in whatever 
jurisdiction within which a surgeon practices, it is in 
the interest of patients and the integrity of the work 
that until DBS in OCD is fully vetted as an estab-
lished therapy, surgeons consult their local IRB and/or 
research ethics committees when undertaking investi-
gational procedures and as required by local jurisdic-
tional laws and prevailing norms. Surgery for OCD 
remains a treatment of last resort, and careful patient 
selection according to clear definitions of ‘treatment 
refractoriness’ is recommended.” [23]. The authors 
encourage researchers and clinicians to conduct RCTs 
to further evaluate this treatment as well as to investi-
gate suitable brain targets [23].

We fully agree with this recommendation. Addi-
tionally, we recommend that DBS for treatment-
refractory OCD should be offered only in spe-
cialized centres that perform ethically approved 
trials and have enough experience with this treat-
ment. Although this leads to travel burden and extra 
costs for some patients, the treatment in specialized 
centres has great advantages for patients with regard 
to the effectivity and safety of the intervention. Per-
forming DBS for psychiatric indications requires 
specialized training, much experience and a high 
level of multidisciplinary expertise with regard not 
only to the surgery, but also to patient selection, 
patient information, device programming, and pre- 
and postsurgical neurological and psychiatric assess-
ment [15]. This high level can only be provided at 
specialized centres. For research, we strongly recom-
mend to conduct RCTs with staggered onset, because 
they are necessary to exclude placebo effects and 
withdrawal effects.

For major depressive disorder, several small open-
label DBS studies have been performed. They focus 
on white matter adjacent to the subcallosal cingulate 
cortex (SCC), the anterior limb of the internal capsule 
(ALIC), the ventral capsule/ventral striatum (VC/
VS), the superolateral branch of the median forebrain 
bundle (slMFB), and the nucleus accumbens (NAcc) 
[125].

According to a systematic review and meta-analysis 
by Zhou et al. (including 14 DBS studies in four differ-
ent brain targets), the pooled response rate was 48%, 
and the pooled remission rate was 30% after 12 months 

[126].19 Because most studies are uncontrolled, neither 
the placebo effect nor the effect of the surgery itself 
can be excluded [125].

A meta-analysis of seven RCTs (five cross-over 
and two staggered-onset studies) showed that active 
stimulation was associated with a significantly greater 
treatment response than sham stimulation [125]. 
However, this result was no longer significant when 
the cross-over studies were excluded and only the 
staggered-onset studies were analysed [125].

Two large staggered-onset DBS studies on treat-
ment-resistant MDD were discontinued prematurely 
by the device manufacturers who financed the studies 
(Medtronic Inc. and St Jude (now Abbott)), because a 
futility analysis could not establish the superiority of stim-
ulation over sham stimulation (VC/VS, RECLAIM trial, 
[127]; SCC, BROADEN trial, [128]). A third RCT with 
staggered onset was completed, but also failed to show a 
significant difference between sham and active stimula-
tion (slMFB, FORESEE II trial, [129]).

In summary, all three staggered-onset RCTs for 
DBS in MDD failed to show a significant difference 
between active and sham stimulation. Given these 
disappointing results, DBS for MDD is not yet clini-
cally viable.

For Alzheimer’s dementia, several small inves-
tigational studies of DBS of the fornix [130], the 
nucleus basalis of Meynert [131], and the VC/VS 
[132] have been performed. By design, these stud-
ies cannot provide conclusive evidence and can only 
inform whether or not additional larger clinical trials 
are warranted. So far, only one adequately powered 
RCT has been performed to investigate DBS of the 
fornix for Alzheimer’s dementia [133]. The results 
of this trial are inconclusive and do not show a clini-
cally important difference between the treatment 
and control groups [134]. However, the procedure is 
associated with significant neurosurgical procedure-
related medical harms and adverse events, as well as 
a high research burden for the patients [134].

So far, there have been no real treatment successes 
of DBS in Alzheimer’s dementia, even though some 
researchers may argue so. The claimed successes are 

19 Response was defined as a 50% reduction in the severity of 
depression as measured by MADRS or HDRS. Remission was 
defined as an HDRS-17 score < 8, an HDRS-28 score < 10, or 
a > 75% reduction in MADRS [126].
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based only on cherry-picking of data, i.e., presenting 
as successes the few patients whose dementia symp-
toms had increased less than average [134]. Instead 
of publishing the long-term data of previous patients, 
the researchers include ever-new patients in new stud-
ies [134].

The plethora of hypotheses justifying DBS for 
Alzheimer’s dementia are neither based on suitable 
animal studies nor linked to the leading scientific the-
ories on the causes of Alzheimer’s dementia, includ-
ing the inflammation hypothesis [134].

Ethically, DBS research on Alzheimer’s patients is 
particularly problematic: Even if patients are able to 
give consent at the beginning of the study, it is very 
likely that they will lose this ability over the course 
of treatment. Furthermore, DBS exposes Alzhei-
mer’s patients to particularly high risks and burdens 
because DBS and general anaesthesia are particularly 
risky for older people and dementia patients [134]. 
Furthermore, hospitalization often causes significant 
harm to patients with dementia [135].

Furthermore, there may be more promising treat-
ment options than DBS for people with Alzheimer’s 
dementia that have fewer risks and burdens, and 
perhaps a higher efficacy. Anti-inflammatory drugs 
seem to be effective for preventing dementia, particu-
larly the anti-rheumatic drug etanercept (an anti-TNF 
agent) [136]. Whether the antibody aducanumab is 
effective for Alzheimer’s dementia in higher doses 
has yet to be determined [137].

On the basis of the available evidence and ethi-
cal considerations, we recommend terminating DBS 
research for Alzheimer’s dementia in order to prevent 
further harm to patients [134].

Recommendations for Dealing with “Failed 
Studies”

A highly controversial issue is how to deal with failed 
studies in psychiatric neurosurgery research. The 
main controversy relates to three DBS RCTs on major 
depressive disorder, which unexpectedly could not 
reproduce the success rates of small open label stud-
ies and some cross-over studies. These three studies 
have failed insofar as their hypotheses – namely that 
the stimulation has a significant effect on the depres-
sion score – have been falsified. If the criteria of 
pharmaceutical research were applied, these failures 

would mean the definitive end of treating MDD with 
DBS in these three target brain areas. However, sev-
eral DBS researchers do not accept the failed studies 
as failures of the method.

Cavuoto commented: “In our view, the FDA needs 
to understand the vital importance of getting first-
generation devices into the field and move away from 
arbitrary standards like improving symptoms by 50 
percent in 50% of the population. The notion that if 
we can’t help everybody we shouldn’t help anybody 
has no place in medical science, particularly when 
you consider that neuromodulation therapies are 
working with the hardest-case patients who have not 
responded to other therapies.” [138].

Schläpfer wrote: “Do these studies convincingly 
demonstrate that DBS is inefficacious and clini-
cally useless for the treatment of major depression? 
I believe that these are examples of failed studies and 
not failed treatments. There is convincing evidence of 
antidepressant efficacy for all three targets mentioned 
as well as for another target, the superolateral branch 
of the medial forebrain bundle. These data were not 
obtained in sham-controlled studies but from open-
label studies and case series – albeit in patient pop-
ulations that did not respond to dozens of treatment 
attempts with psychotherapy, psychopharmacology, 
and electroconvulsive treatment.” [139].

In our view, these three failed studies do not prove 
that DBS has no place in the treatment of major 
depression because the possibility cannot be excluded 
that a better study design would produce better 
results.20

Proponents of DBS for MDD criticize the failed 
studies for having used depression scales instead of 
quality of life (QoL) scales [139]. However, this is 
not convincing because QoL scales have been used 
in other studies but did not show significantly dif-
ferences between the sham and active stimulation 
groups.

Another criticism is that the two-month double-
blinding period in the slMFB study was too short 
[129]. However, the other two RCTs [127, 128] had 
double-blinding periods of four and six months, 

20 Schläpfer has rightly criticized that in the Dougherty 
study [127], the individual stimulation parameters were 
left unchanged for the four-month sham-controlled period, 
although, in all published studies, parameters were adapted 
over months to reach optimal antidepressant efficacy [139].
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respectively, and also showed no significant differ-
ence between the sham and the stimulation group.

Furthermore, it has been argued that the increased 
response rate during the open-label study after the 
double-blinded period illustrates the need for longer 
trials [140]. However, the fact that some patients from 
both the sham and active stimulation groups became 
responders in the open-label phase after the double-
blind phase is no valid argument for the efficacy of 
the stimulation. Indeed, the response might have been 
caused by the placebo effect that was previously pre-
vented by double-blinding.

Overall, these explanations seem to show a strat-
egy of self-immunization against criticism. After 
the hypothesis has been falsified, the commentators 
question the self-chosen research plan, measuring 
instruments, and primary treatment goals. This would 
surely not happen if the hypothesis had been proven.

A more detailed strategy has been elaborated by 
the working group “Deep Brain Stimulation for Psy-
chiatric Disorders: Measuring Outcomes and Insti-
tutionalizing Ethical Standards”.21 In their paper 
“Being open minded about neuromodulation trials: 
Finding success in our ‘failures’” [141], the work-
ing group demands that failed studies should not lead 
to “a premature closure of inquiry.” They argue that 
existing research methodologies are derived from 
drug trials, and “ill-suited to invasive device trials” 
[141]. They further argue that “device studies may be 
closed or characterized as ‘failures’ in light of interim 
futility analyses before knowledge embedded in them 
can be fully mined” [141]. They suggest an “alternate 
research methodology” and demand that we “shift our 
gaze from research failure to those occasions when 
hypothesis yield positive results” [141].

This recommendation of a more flexible study 
design – which allows the individual adaptation 
of stimulation targets and the modification of cer-
tain aspects of study design based on what has been 
learned during the study [141] – is worth further 
investigation.

However, the working group’s suggestion on shift-
ing our gaze to the cases with a positive outcome is 

problematic. If the cases with positive outcomes 
share certain targeting characteristics, stimulation 
parameters, demographic properties, or clinical char-
acteristics, it may be that their analysis could unveil 
the factors that determine success or failure of DBS. 
However, it is always possible to find certain common 
characteristics among the responder group: Perhaps 
all patients with blue eyes are responders, or per-
haps all patients with more ventral stimulation were 
responders. Whether or not common characteristics 
of the responder group are relevant or only inciden-
tal cannot be deducted from these studies but only 
through further studies with greater statistical power. 
In the next study, the selected group may not be a par-
ticular success but instead a particular failure. Due to 
the extremely small number of patients in previous 
DBS studies, the suggested strategy bears a high risk 
of cherry-picking data.

The disappointing results of the RCTs should 
not be discussed away. Of course, it is possible that 
the studies were poorly designed, and that a better-
designed study might be justified under certain cir-
cumstances. However, if further studies also fail, fur-
ther research should be discontinued in order to avoid 
exposing further patients to unnecessary burdens and 
risks.

It is important to note that the above-mentioned stud-
ies are not failures in each regard: On average, the treat-
ments had a moderate to large anti-depressant effect, 
but the DBS stimulation did not make a difference.

There may be different reasons for the discrep-
ancy between successful small open-label studies and 
cross-over RCTs vs. failed staggered-onset RCTs. 
First, the small open-label studies might have shown 
only placebo or doctor effects due to intensive atten-
tion to study participants from the medical staff and 
due to the use of an expensive, high-tech treatment 
that has been hyped in the media. Perhaps the discrep-
ancy can be explained by the “efficacy paradox” [87], 
which can occur when the overall effect is large, but 
driven by a large placebo effect and a comparatively 
small treatment-specific effect. Second, in cross-over 
RCTs, the difference between sham and active stimu-
lation groups might be mainly caused by withdrawal 
effects. Third, the effects of DBS might be mainly 
lesion effects, which do not differ much between the 
sham and active stimulation groups.

We do not think that DBS effects are only placebo 
or doctor effects. However, we hypothesize that DBS 

21 The working group consists of psychiatric neurosurgery 
researchers, namely Helen Mayberg, Cynthia Kubu, Bart Nut-
tin, and Thomas Schläpfer, plus the bioethicist Joseph Fins and 
the legal theorist Reinhard Merkel.
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is successful in part due to the lesion effect. There-
fore, we think that it is important to further investi-
gate ablative neurosurgery, particularly in the slMFB, 
where the immediate effect of DBS was greatest.

The considerations in this section naturally apply 
to failed studies of other procedures besides DBS as 
well.

Discussion: Recommendation for Transferring 
Research to the Clinical Practice

We agree with the Royal Society of Psychiatrists that 
most activities of psychiatric neurosurgery represent 
research and not “established care” [56]. We also 
agree with the WSSFN statement that DBS for OCD 
in the ventral anterior capsule region is an emerging, 
but not yet established therapy, and that surgery for 
OCD remains a treatment of last resort [23]. How-
ever, for carefully selected patients with chronic, 
treatment-refractory mental disorders, neurosurgical 
therapy might be a good option.

We recommend that methods with good evidence 
for effectiveness and an acceptable risk profile should 
be rapidly transferred into clinical practice. In our 
opinion, this currently concerns DBS and anterior 
capsulotomy with Gamma Knife radiosurgery or 
radiofrequency thermocoagulation for OCD. Patients 
for whom psychotherapy and drug therapies (includ-
ing unconventional therapies) have been exhausted 
should have access to these treatment options.

For each patient, the risks and benefits of surgery 
must be balanced with the risks and benefits of con-
tinuing with treatment as usual [56].

The key factor is that the gatekeepers – namely 
psychiatrists and psychotherapists – inform patients 
adequately and refer patients for whom psychiatric 
neurosurgery could be an option to clinics that offer 
this treatment. Currently, the referral practice is prob-
ably too conservative because most psychiatrists have 
strong concerns about psychiatric neurosurgery. As 
discussed here, concerns regarding scientific evi-
dence are justified, but some concerns are based on 
a lack of knowledge or ideological reservations. As a 
result, many patients with severe psychiatric disorders 
receive effective treatment much too late or not at all. 
In order to improve this situation, psychiatric neuro-
surgery needs to gain the trust of the psychiatrists, 

and for this, it is essential to address the concerns dis-
cussed above appropriately.

Patients need comprehensive information and advice 
on all treatment options and their respective risk–benefit 
profiles.

When researchers recruit patients for basic 
research studies, they should actively counteract 
the therapeutic misconception22 and not pressure 
despaired patients to participate in experiments with 
exaggerated promises.

Because the outcomes of the different psychiatric 
neurosurgery procedures are largely comparable, the 
counselling of patients has to be highly individual-
ized [25]. Individual factors should play a crucial 
role in decision-making. In particular, these indi-
vidual factors include the patients’ preferences and 
attitudes, e.g., whether they can tolerate implanted 
devices, whether they are afraid of the irreversibility 
of an ablative procedure, or whether they would not 
accept the physician’s control over their mental states 
through manipulation of DBS stimulation settings. 
The pre-treatment consultation should explicitly 
address both the risk and the chance of temporary or 
permanent changes of personality traits. Psychoedu-
cation programs should be offered to provide patients 
and caregivers with psychosocial support in the 
months following surgery [72]. Furthermore, patients’ 
social and economic situation, professional activity, 
access to DBS centres, and geographical mobility 
have to be considered carefully in counselling. This 
includes whether patients can afford the costs of a 
given therapy and follow-up, whether they can come 
regularly to the clinic, and the extent to which they 
are supported by family members or friends.

The counselling should also include therapy options 
that are not affiliated with the institution that performs 
the procedure, even if the consequence is that the 
patient will be treated in another institution or lost as 
a research participant. A multidisciplinary team should 
assist patients in the decision-making process. If such 
a team does not exist locally, the patients should be 
referred to clinicians who specialise in all relevant 
therapies under consideration.

22 Therapeutic misconception occurs when research subjects 
fail to appreciate the distinction between the imperatives of 
clinical research and ordinary treatment [142].
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Interventions into the “organ of the mind” fall into 
a special category of the medical use of neural devices 
in clinical or research settings that raise expectations 
about consent, communication, and surgeon–patient 
interaction that acknowledge the humanistic approach 
to patient-physician relationships. Physicians, clinical 
researchers, and funders are all jointly responsible for 
anticipating possible care needs after the participa-
tion in a DBS research study or after safe discharge 
after DBS has been performed as a clinical treatment 
[143]. However, due to the high stakes of undergo-
ing psychiatric neurosurgery, fostering trustful and 
enduring relationships is essential as well as follow-
up offers that engage with personal patient needs and 
account for caregiver perspectives in setting psychi-
atric follow-up care provisions [77]. For psychiat-
ric neurosurgical research, paying attention to the 
humanistic dimensions in medicine also requires to 
evaluate these treatments using patient-reported out-
comes such as quality of life that encompass broader 
indicators of disease burden and patient-relevant out-
comes [144].
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