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Abstract This study examines the ethical impli-
cations of deep brain stimulation (DBS) for Parkin-
son’s disease (PD) through a systematic review and
qualitative synthesis of the literature. While DBS
significantly improves motor function and quality of
life for many patients, individual experiences vary
widely, often involving psychosocial challenges that
can mitigate the benefits of motor improvements.
Psychosocial changes, including shifts in mood, self-
perception, and social relationships, are central to
these experiences. The findings emphasize the criti-
cal need for comprehensive pre-surgical education
and informed consent processes to ensure patients
and caregivers fully understand both the potential
benefits and psychosocial impacts of DBS. Moreo-
ver, the variability in patient experiences suggests
that existing clinical guidelines may require revision
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to incorporate routine psychological assessments and
standardized follow-up care. Limitations of this study,
such as methodological concerns in the included
research, point to the need for further longitudinal
studies and rigorous adherence to quality standards to
comprehensively capture the long-term ethical impli-
cations of DBS. By examining these psychosocial
and ethical dimensions, this review contributes valu-
able insights to inform clinical practices and promote
patient-centered approaches, ensuring that DBS is
applied in a manner that prioritizes patient well-being
and effectively addresses ethical concerns.

Keywords Parkinson’s disease - Deep brain
stimulation - Neuroethics - Psychosocial adjustment

Introduction

Parkinson’s disease is a progressive neurological
disorder that profoundly affects the motor functions
and quality of life of millions of people worldwide,
being the fastest growing neurological disorder at
the moment [1]. Characterized by symptoms such as
tremors, rigidity, and bradykinesia, the disease often
becomes increasingly challenging to manage with
medication alone as it progresses. Deep Brain Stim-
ulation (DBS) has emerged as a promising surgical
intervention for alleviating these symptoms, offer-
ing the possibility of improved mobility and reduced
medication dependency. However, while DBS can
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significantly enhance the physical aspects of life for
many persons diagnosed with PD, it also raises com-
plex bioethical questions that need careful considera-
tion, such as altering brain function, the potential for
adverse effects, and the challenges associated with
obtaining informed consent from patients who may
have cognitive impairments.

DBS for PD involves the implantation of elec-
trodes in the basal ganglia, which are then stimulated
to modulate neural activity. While the physical bene-
fits of this procedure are well-documented, its impact
on the psychological, social, and ethical dimensions
of patients’ lives is less well understood. Patients may
experience shifts in self-perception, such as changes
in their sense of identity or agency, as well as mood
changes, including depression, anxiety, or eupho-
ria [2-5]. These changes can have significant ethical
implications, raising questions about the patient’s
autonomy and well-being. Moreover, literature also
indicates that despite motor improvement, patients’
quality of life (QoL) does not necessarily improve
[6]. In opposition, some authors demonstrate a lack
of empirical evidence on DBS effects on theoretical
aspects, such as personality, identity, agency, authen-
ticity, autonomy and self [7]. These discussions high-
light the need for a deeper exploration of the broader
consequences of DBS, beyond its clinical efficacy, to
ensure that the treatment is aligned with the overall
well-being of patients.

One reason for this need is that most patients seem
to expect psychosocial improvements after DBS [8].
In fact, presurgical expectations modulate perceived
motor improvement, perceived autonomy, and qual-
ity of life after surgery [9, 10]. In this regard, the
bioethical discussion surrounding DBS in Parkin-
son’s disease is crucial, as it encompasses issues of
informed consent, patient autonomy, and the long-
term psychological and social effects of the proce-
dure. Understanding these implications is vital for
developing ethical guidelines that protect patients
and support clinicians in making informed deci-
sions, taking into account the individual perspectives
and preferences of each patient. Previous research
highlights this issue, suggesting the need to identify
patients’ individual perspectives towards the disease
and treatment options, considering there is extensive
variability in preferences and attitudes towards DBS
[11]. In particular, systematic reviews in bioethics are
still uncommon [12] but render the analysis of DBS’s
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ethical implications particularly valuable, as it helps
bridge the gap between technological innovation and
ethical practice.

This article contributes to this discussion by sys-
tematically reviewing studies that capture the lived
experiences of patients undergoing DBS, offering
insights into the ethical challenges and the need for
a more holistic approach to patient care in the con-
text of advanced neurotechnological interventions.
It is also an update and an extension of the review
conducted by Mathers et al. [8]. Following PRISMA
2020 guidelines [13], the review includes qualita-
tive studies that explore patients’perspectives, pref-
erences, and attitudes toward DBS. The decision
to include only qualitative studies aims to identify
nuances of patients’ perspectives that are not prop-
erly addressed by standardized tests or quantitative
measures. The study aims to provide a comprehen-
sive understanding of how DBS impacts patients’lives
beyond mere motor improvements, addressing themes
such as self-perception, mood changes, social rela-
tionships, and decision-making processes. The objec-
tive is to address the ethical implications that emerge
from patients’ experiences with DBS for PD. By ethi-
cal implications, we mean not only ethical principles
and values, such as autonomy, beneficence, and non-
maleficence, but also societal issues that need care-
ful consideration [14]. To our knowledge, this is the
first systematic review aimed at ethical implications
of DBS for PD.

Methods

This systematic review was registered on PROS-
PERO (CRD42023409016) and follows PRISMA
2020 guidelines [13].

Eligibility Criteria

The inclusion and exclusion criteria were decided
before the review started. Inclusion criteria con-
sisted of qualitative studies, published in English,
that employed in-depth interviews, surveys or focus
groups, in order to investigate the preferences, per-
spectives, and attitudes of patients concerning deep
brain stimulation for Parkinson’s disease. Qualitative
studies were chosen because they allow for a deeper
exploration of patients’experiences and perspectives,
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which may not be captured by standardized quanti-
tative measures. No restrictions of publication date
were made, in order to find any relevant studies on the
topic.

Studies on neurodevices other than deep brain
stimulation, samples including persons other than
patients diagnosed with Parkinson’s disease, cor-
respondence papers, ongoing studies, systematic
reviews, conference abstracts, or papers other than
empirical research were excluded. Papers in lan-
guages other than English or for which no full-text
could be found were also not considered eligible.

Search Strategy

We conducted searches in five databases relevant for
health and ethics research, in order to cover both fields
in the search strategy. Selected databases were PubMed,
PsycNet, Scopus, Web of Science, and EthicsWeb. The
search was done on 04-22-2023 by one of the authors.
Except for the results from Ethics Web’s results, which
had to be assessed manually, results were imported and
processed in the Rayyan software [15].

Search strings combined synonyms for qualitative
study, deep brain stimulation, Parkinson’s disease and
empirical ethics. Truncations were used to include all
forms of the words. The full search strings for each
database are available as supplementary material
(details available on Open Science Foundation https://
osf.io/nzj2v/?view_only=75036aaaea5a4732ad56
71881798f7al).

Screening of Articles

Duplicates from studies retrieved from the searches
were first excluded. Following this initial step, titles
and abstracts were screened for assessment of inclu-
sion and exclusion criteria. This was initially done
by one researcher, and a second researcher checked
all the decisions to ensure consistency with inclusion
criteria.

One researcher then performed a full-text screen-
ing of articles marked as"include"to double-check for
inclusion and exclusion criteria. Full-text screening
was also done for articles marked as"maybe."All deci-
sions were checked by a second researcher. All stud-
ies that did not meet inclusion criteria were excluded.

For all articles, decisions were documented in
a data extraction sheet, including relevant article

information such as author names, author affiliations,
year of publication, country of origin, title, main goal
of study, and main conclusions. Reasons for exclu-
sion were also documented (details available on Open
Science Foundation https://osf.io/nzj2v/?view_only=
75036aaaca5a4732ad5671881798f7al).

References from included studies, as well as
systematic reviews retrieved in the searches, were
screened in order to identify any articles matching the
inclusion criteria. Reasons for inclusion and exclusion
were also documented in the data extraction sheet.

Quality and Confidence Assessments

The quality of the individual studies included in this
review was assessed through the Mixed Methods
Appraisal Tool (MMAT; [16]) and discussed by two
researchers. Unlike other critical appraisal instruments,
the MMAT assesses methodological quality of studies
[17]. Tts latest version, published in 2018, has 25 crite-
ria in total, including criteria related to study design, data
collection, data analysis, and reporting. It may be applied
to qualitative, randomized controlled, non-randomized,
quantitative descriptive and mixed methods studies [16].
Similarly, the confidence in review findings was
assessed through GRADE-CERQual (’Confidence in
the Evidence from Reviews of Qualitative research’;
[18]) and discussed by two researchers. GRADE-
CERQual assesses the coherence of review findings
across studies by considering factors such as the con-
sistency of findings, the strength of evidence, and
the potential for bias. Methodological limitations of
individual studies assessed by GRADE-CERQual
include factors such as the adequacy of sampling, the
appropriateness of data collection methods, and the
rigor of data analysis. As pointed out by Wainwright
and colleagues [19], it is more adequate to assess the
confidence of qualitative evidence as opposed to the
quality of the evidence, in that qualitative research
may employ different designs to collect and analyze
data. The tool assesses methodological limitations of
individual studies, coherence of review finding across
studies, adequacy (richness) of data and relevance.

Data Analysis and Synthesis
To extract the findings from the studies, we per-

formed an inductive content analysis, a qualita-
tive research method that involves identifying and
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categorizing themes within a dataset [20]. Rigor-
ous measures implemented to mitigate reporter bias
included the use of a predefined research strategy, a
comprehensive search of relevant databases, stand-
ardized quality assessment tools, and a structured data
analysis method. The procedure consisted in address-
ing a name or topic for each theme found. All find-
ings were derived exclusively from quotations refer-
ring to patients, although a few studies also included
interviews with caregivers. A list of all themes, expe-
riences, attitudes, or preferences was then generated,
and similar topics grouped into broader categories.
For each category, we stated how many articles con-
tribute to the finding, synthesized into a frequency
table. Two researchers discussed the themes and sub-
themes created during this step.

Results

Figure 1 shows the number of studies retrieved in the
searches and included in the review.

From all 30 studies assessed for -eligibility,
ten were excluded after full-text screening for not

Identification of studies via datab and

meeting inclusion criteria, including four that
addressed topics or populations other than specified
in the review questions, two that were quantitative
despite collecting categorical data, and three that
were non-research articles, such as commentaries or
case reports.

Table 1 shows an overview of the included stud-
ies. Overall, 317 participants undergoing DBS were
included in the sample. However, it is possible that
articles [21, 22] and [23, 24] share the same sample,
which would reduce the total number of participants.
Few authors provide precise information on brain
target and lateralization. With four exceptions being
mixed methods studies, all of them were qualitative,
employing one or more data collection techniques
(semi-structured interview, focus groups, and sur-
veys) in order to explore patients’ experiences and
perspectives about the treatment.

From the 20 studies included in this review, 19
were conducted in high-income countries. Most of
them (65%) were made in Europe, and exceptions
are 6 studies done in Australia and one in the United
States. No studies from other locations met inclusion
criteria.

[ Identification of studies via other methods

Records identified from
databases:

Records identified from:

Identification

PsycNET (n = 40)
PubMed (n = 156)
Scopus (n = 118)

Web of Science (n = 123)
EthicsWeb (n = 21)

Records removed before
screening:
Duplicate records removed
(n=193)

References of systematic
reviews (n = 1)
References of included
articles (n =2)

|

Records screened

Records excluded
(n =238)

(n = 265)
l

Reports sought for retrieval

Reports sought for retrieval

,E' (n=27) (n=3)
5 |
&
Reports assessed for eligibility Reports assessed for eligibility
(n=27) Reports excluded: (n=3)
Quantitative study (n = 2)
Case reports (n = 2)
Wrong topic (n = 4)
—
—
§ Studies included in review
E (n=20)

Fig. 1 Flowchart of studies retrieved, excluded, and included in the final review
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Reports excluded:
Conference paper (n = 1)
Theoretical article (n = 1)
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Risk of Bias Assessment

Table 2 shows the results from the MMAT quality
assessment (Hong et al., 2018).

In all cases, clear research questions were pre-
sented and the qualitative methodology was appro-
priately employed. Three studies did not specify
sampling strategies, data collection methods or data
analysis methods (criteria 1.2 and 4.1), although pre-
sent results in a clear fashion. In such cases, the anal-
ysis of coherence between data sources, collection,
analysis and interpretation (criteria 1.5) was not pos-
sible. The same issue emerged in cases where authors
did not present sufficient data (e.g. quotes or exam-
ples) to support the evidence (criteria 1.3 and 1.4).
For mixed-methods studies, only one of them did not
integrate qualitative and quantitative data, presenting
the results independently (criteria 5.2 and 5.3).

Table 2 Quality appraisal of studies

Confidence in the Evidence

During the data analysis and confidence in the evi-
dence assessment, eight main themes were identi-
fied: 1) experience with DBS; 2) self-perception; 3)
mood; 4) social relationships; 5) decision for surgery;
6) behavior; 7) handheld controller; and 8) cognition.
Each of these themes is explored in one or more arti-
cles included in the final review, and their frequencies
are described below (Table 3).

The themes outlined above also serve as a catego-
rization of the 34 individual findings identified in this
review. These encompass areas such as movement,
mood, behavior, self-perception, and social relation-
ships, as well as challenges faced during the adapta-
tion period. Table 4 presents the complete GRADE-
CERQual assessment of the quality of each review
finding, previously referred to as evidence.

Methodological quality criteria

Screen-  Qualitative study
ing

ques-

tions

Authors

Quantitative descriptive Mixed methods

S1

wn
8]

1.1 12 13 14

1.5 41 42 43 44 45 51 52 53 54 55

Ahlberg et al. (2011) [25]
Baertschi et al. (2019) [26]
Cabrera et al. (2020) [27]

Chacon Gamez et al. (2021) [28]

Eatough et al. (2016) [29]
Gilbert (2018) [21]

Gilbert et al. (2017) [22]
Gilbert et al. (2018) [30]
Gisquet (2008) [31]

Haabhr et al. (2010) [32]
Hariz et al. (2014) [23]
Hariz et al. (2016) [24]
Ibrahimoglu et al. (2020) [33]
Lewis et al. (2015) [34]
Liddle et al. (2018) [35]
Mosley et al. (2021) [36]
Schupbach et al. (2006) [37]
Shahmoon et al. (2019) [38]
Thomson et al. (2020) [39]
Voigt (2021) [40]
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Table 3 Frequency of

Themes (% of studies)
themes

Number
of stud-
ies

Sub-themes

Experience with DBS (28%)

Self-perception (18%)

Mood (17%)

Social relationships (12%)

Decision for surgery (11%)

Behavior (7%)

Handheld controller (3%)

Cognition (3%)

Satisfaction with results 11
Challenges with adaptation 10
Perception of the disease

Medication needs

9
8
Feeling rebirth 8
Perception of the device 7

6

Frustration with medical appointments and stimu-
lation adjustments

Recommendation of surgery 3
Gratitude for DBS 2
Self-estrangement 14
Freedom and independence

Self-confidence

Loss of control

Shift in priorities 3
Depression 11
Impulsivity, aggressiveness and mania 10
Anxiety and irritability 8
Emotional lability

NGO

Relaxation and good humor

—_
(=]

Marital and familial conflicts

Improvements in social life

Speech and communication issues

Sexual activity

Expectations other than motor improvement
Not enough information

Fears and concerns

Drastic decision

Timing for surgery

Reengagement in activities

Stubborn, excessive behaviors

Work life

Controller as a tool

Confusion and anxiety around controller use

0N AW NN = WA O O N XX X

Memory issues and mental fatigue

From all 34 review findings, most of them are
of moderate confidence (19 or 56%), presenting no
to moderate concerns in one or more elements of
GRADE-CERQual. Similarly, 12 review findings
(35%) are considered of low confidence, whereas
only one is of very low confidence. A high confi-
dence in the evidence is seen in only two review
findings (6%), since these are the ones coherently
supported by high quality studies. The detailed

results of each overarching theme are available
below.

Theme 1: Experience with DBS
The first category emerging from 17 different stud-
ies highlights patients’ overall experiences with the

treatment. Six out of eight review findings under
this theme are of moderate confidence. They are

@ Springer
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Table 4 (continued)

Explanation of CERQual assessment

Studies contributing to the review finding CERQual assessment

Summary of review finding

of confidence in the

evidence

Minor concerns regarding methodological limita-

High confidence

[23, 25, 28, 31, 32, 34, 37, 38]

Impaired speech after surgery poses a challenge for

tions, coherence, adequacy, and relevance. Studies

interpersonal communication and social interac-

were conducted in five different countries, most of
them in Europe. Although one study reports both

tion not only to patients but also to their families
and friends. In a few cases, reading and writing

difficulties also emerged

improvement and worsening in speech and commu-

nication, most of the data supports review finding,

high provides high confidence in the evidence

expressed in terms of a changing perception of the
disease (example 1), a positive view of the medica-
tion reduction after surgery (example 2), as well as a
feeling of being reborn (example 3). Other findings
of moderate confidence revolve around challenges
with post-surgical medical appointments or with the
fact they are now implanted with an electronic device
(example 4). None of these sub-themes were sup-
ported by all 17 studies equally. They also did not
apply to all participants in the samples.

(1) “Barry:"I feel more confident and then also at the
same time we are still on a downhill slope so that
confidence is still being taken away from me eve-
ryday". [38]

(2) “DBS liberates patients from their medica-
tion: ‘‘we don’t have to live by the clock any
more”.” [31]

(3) “When describing the comprehensive signifi-
cance of DBS, patients often used strong, posi-
tive and decisive descriptions of DBS such as,
‘life changing’.” [24]

(4) “The hassle seeking to find the right stimulation
settings and medicine dosage affected partici-
pants’ sense of success in a more negative way
than those participants where adjusting to the
stimulation went easier.” [32]

Three review findings, on the other hand, are of low
confidence. They highlight the ups and downs of
the treatment (example 5) and overall satisfaction
and gratitude for surgery (example 6). Although
emerging from most of the 17 studies, data is not
entirely consistent and varies greatly among par-
ticipants.

(5) “The course of the post-DBS life was perceived
with great heterogeneity among patients. [...]
Four patients reported the three distinct periods
of euphoria, adjustment and acceptance observed
in previous work. However, such a pattern did
not clearly emerge in most patients. Six of them
pictured a continuous line and three underscored
feelings of discontinuity mainly characterized
by"ups and downs". In addition, not all individu-
als described distinct phases.” [26]

(6) “81% of the patients considered the impact of
DBS on life as a whole as markedly or moder-
ately positive, while 10% perceived a negative
impact from DBS” [23]
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Theme 2: Self-perception

The second most cited aspect of post-DBS life is a
shifting self-perception. Feelings of self-estrangement
(example 7), freedom and independence (example 8),
and self-confidence (example 9) are highlighted by 18
different studies included in this review. Accordingly,
a shift in priorities was also mentioned as an effect
(example 10). Although most patients report similar
experiences, which provide moderate confidence in
the evidence, such findings do not apply to the entire
sample. Similarly, the experience of loss of control
(example 11), although highlighted in seven studies,
is inconsistent, and presents the lowest confidence of
the category.

(7) “Six patients (out of 19) testified of diffi-
culties to deal with their personal identity after
DBS.” [26]

(8) “Shortly after the DBS surgery, there is an
intensive feeling of freedom based on freedom
of movement.” [40]

(9) “They also described fear about starting new
projects because they were uncertain whether
they would be able to follow them through.”
[25]

(10) “Ed:"What’s important now is totally dif-
ferent to what it used to be. Re-evaluation I put
it down to, I think, reevaluate what’s important
in life”.” [38]

(11) “On the one hand, the struggle and decline
was related to failing expectations. It was a time
of uncertainty and loss of control.” [32]

Theme 3: Mood

Mood changes after DBS were reported by at least
half of studies included in this review. However,
although supported with moderate confidence,
there is great heterogeneity in manifestation, with
a range of different emotional experiences reported
by patients, including both positive and negative
emotions. Depressive symptoms, for example, vary
depending on the patient (example 12). Anxiety
(example 13), irritability (example 14), impulsiv-
ity (example 15) and sensitiveness (example 16) are
reportedly increased after surgery. On the other hand,
a few participants also mentioned being perceived as
more relaxed with the treatment (example 17).
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(12) “In the nine patients followed up after
DBS, personality changes experienced varied
from positive mood changes (n = 4, e.g., being
happier, more lighthearted, more euphoric) to
negative mood changes (e.g., more depressed
[n = 2]; angry, frustrated, grumpy, irritable [n
=5]).” [39]

(13) “I don’t have the feeling that I’ve become a
different person. I haven’t but at the same time
I’m not the same. I’'m much more anxious. [...]
(P12)” [28]

(14) “I'm probably more angry than I used to...
I get a bit agro towards [spouse]... just suddenly
started—when I can’t move—bang! I get cranky
quick, agro. (P)” [39]

(15) “For instance, Patient 09 self-reported, say-
ing: “I felt so good I tried to move the pool table
and I ruptured the disc in my back [...] I blame
DBS for that because I felt so good”.” [21]

(16) “T have become much more sensitive. I cry
over nothing and I also feel I have lost my drive.
I have been through so much that I am emotion-
ally....[Pause].... I find it hard hiding emotions’’
(Participant 8).” [32]

(17) “Some perceived changes, such as finding
themselves or their loved ones more relaxed,
positive, disinhibited, or with a cheekier sense
of humor were positively valued by a few par-
ticipants.” [28]

Theme 4: Social Relationships

Changes in social dynamics are highlighted by 12 stud-
ies. Both improvements and conflicts emerged from
research data. Better social connections are attributed
to greater motor capacities, when the latter improves
patients’ self-confidence (example 18). On the other
hand, the direct impact of patients’ attitude or personality
change may stir familial and marital conflicts, especially
when perceived negatively by caregivers and spouses
(example 19). Except for sexual activity, which was men-
tioned in only two studies with low confidence (example
20), there is moderate confidence in the evidence regard-
ing social relationships, exemplified as below:

(18) “Several participants experienced that they
were able to take part in social gatherings that
they had not been able to for a very long time.
Participant 1 said: ‘‘Before the operation I was
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always the first one to go home. Now I can stay
out longer.” [32]

(19) “Patient 06: I think I have been causing a
bit of problems in my relationships by being
just so full on. [...] It’s a realisation I have to
slow down that activity and make it more man-
ageable for myself and my wife.” [21]

(20) “Patient 11: My sex drive has increased
because I can control my body now.” [21]

One of the review findings, however, states how
speech impairments created communication issues in
the post-DBS life. It is one of the two review find-
ings of high level of confidence, supported by a
large number of studies conducted in different set-
tings. Although such side effects are not necessarily
prevalent in the samples, participants who mentioned
struggles with communication attribute social dif-
ficulties or isolation to it (example 21). As seen in
Thomson et al. [39]:

(21) “T’'ve never had a stutter in my entire life,
ever. It was only post-operation... Basically, my
self-confidence has gone out the window and a
lot of it is due to the bloody Parkinson’s, the—
this, having the stammer. (P)”

Theme 5: Decision for Surgery

Regarding the decision process for surgery, different
degrees of confidence in the evidence were raised.
One of the two pieces of evidence with high confi-
dence in this review relates to the existence of expec-
tations other than motor improvement that patients
recognize prior to DBS (example 22), of which the
elimination of all symptoms and improvements in
mood and relationships are examples. Nine studies
support this finding:

(22): “With these concerns came hopes for
desirable personality change with DBS, specifi-
cally a restoration of qualities lost through the
disease or to simply go “back to normal.” Some
hoped DBS would give them the “freedom and
energy” to express their true self and act in the
world in a way they value. Particular areas par-
ticipants hoped to see change were mood (be
a “happy person” not “miserable”), demea-
nor (“fun-loving” not “easily frustrated”), and
social engagement and connection with others

(take “more of the world in” not just focus on
illness).” [39]

On the other hand, other aspects of decision mak-
ing are supported with low to moderate degrees of
confidence. Moderate confidence supports the finding
that patients do not have or do not adequately process
information on the surgical procedure and expected
outcomes (example 23), found in nine different stud-
ies. Fears and concerns with the procedure (exam-
ple 24), optimal time for undergoing DBS (example
25), and final decision for surgery (example 26) are
mention in six individual studies, deemed as of low
confidence:

(24) “They stated that they were afraid of los-
ing their good and nice side with DBS. Addi-
tionally, two participants stated that they were
concerned that the battery would not function
properly after the surgery.” [33]

(25) “Many regarded DBS as a serious surgi-
cal procedure done on the brain and considered
it a last resort only when medications were no
longer effective.” [27]

(26) “The decision to go ahead with the surgery
was described as dramatic and unavoidable,
because of increased disease symptoms and less
levodopa effect.” [25]

Theme 6: Behavior

Seven different studies mention stubborn, excessive
behaviors, such as becoming more rigid, inflexible,
or impulsive, prevalent in at least part of the sam-
ples after DBS (example 27). A moderate degree
of confidence in the evidence is allowed by minor
to no concerns regarding methodological limita-
tions, adequacy, coherence and relevance. In such
cases, patients and caregivers attribute changes to the
stimulation.

(27) “The inhibited manner appears as uncon-
trolled, aggressive or childish behaviour. They
experience eruptions, stick their tongue out at
other people, giggle uninhibitedly and make
frivolous jokes. These patients described
extreme states of being pumped up, and they
developed different addictions (sexual addic-
tion, shopping addiction, compulsive gam-
bling, compulsive car racing). For all patients,
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euphoria decreased after a certain period, e.g.
by adjusting the patient’s devices and the regu-
lating mechanisms of the organism itself (as the
patients claim).” [40]

On the other hand, reengagement in daily and
professional activities, although mentioned by
eight different studies, provide evidence of low
confidence, mainly due to varying experiences
reported by participants. While some partici-
pants embrace new chores or projects after motor
improvement (example 28), others face diminished
abilities, diminished self-confidence or lack of
motivation to do so (example 29):

(28) “DBS increased the possibilities for
patients to plan for and perform daily chores
and hobbies, and for some the improvement
of dyskinesia was the major gain after DBS.”
[24]

(29) “A few participants found their everyday
life changed dramatically due to malfunction
in stimulation or medication keeping them
from engaging in new activities, or leaving
usual activities on hold.” [32]

Theme 7: Handheld Controller

The use of remote control is mentioned by patients
in 4 different studies. However, both review find-
ings in this category are of low confidence, since
they are supported by few studies and present
some degree of concern regarding relevance and
methodological limitations. Although it is seen
as “a tool to have more control over one’s body”
(example 30), there is also “anxiety around control
use”, which describes concerns about unintended
effects of using the remote control to adjust their
DBS settings (example 31).

(30) “A few patients mentioned the ability
to modulate the amplitude of the stimulation
with a remote control to better control certain
symptoms as an advantage; however, most of
the patients did not use it.” [28]

(31) “[...] the setting of the DBS parameters
was not considered as within their domain,
and it was not something for them to deal
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with, even if they knew how to adjust it. The
tuning of the DBS device was described as
vulnerable and sensitive, and in order “to be
in charge of it,” the patients deemed that it
had to be done by a professional.” [23]

Theme 8: Cognition

At last, the evidence of post-operatively cognitive
issues presents the lowest level of confidence in this
review, although cognition is mentioned by nine stud-
ies. In fact, some studies report improvements in
memory and attention (example 32), whereas reports
of decline appear in specific cases (example 33).
Methodological concerns also emerged in many of
the studies that supported this review finding, includ-
ing limitations in the assessment of cognitive function
and the potential for confounding factors to influence
the results. Examples of this dual phenomenon appear
in quotes such as:

(32) “For a few, increased self-confidence
emerged from an internal experience of improved
cognitive clarity and alertness, facilitating better
engagement and connection with others.” [39]
(33) “Mr. 22 said that less than two months
after DBS, the negative impact on his balance
and speech had totally prevailed over resolved
tremor and now, one year after surgery, his
memory also faltered.” [24]

Discussion

This systematic review and qualitative synthesis aimed
at understanding the experience of patients with DBS
for Parkinson’s disease from their own perspectives.
To our knowledge, this is the first systematic review to
provide a nuanced understanding of the ethical impli-
cations of DBS in individuals diagnosed with PD. The
evidence largely suggests that the experience is highly
individualized, with varying degrees of success and
challenges. More importantly, psychosocial alterations,
such as changes in mood, self-perception, or social
relationships, are at the core of this experience, even in
cases where motor improvement was significant.

In our study, we updated Mathers et al. [8] system-
atic review. In their work, although patients report
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significant improvements in motor symptoms and
activities of daily living, negative changes (or no
changes at all) were found regarding social relation-
ships, emotional wellbeing and cognition. In fact,
while the outcomes of surgery were seen as positive,
DBS still requires patients to transition from an old
disease state to a new form of life, which includes
trade-offs between stimulation parameters, medica-
tions, and symptoms [8]. For instance, the experience
of DBS, while generally positive in reducing medica-
tion dependence and improving quality of life, also
brings about challenges, particularly in adjusting to
the implanted device and post-surgical care.

In this context, the findings highlight how the
decision-making process for surgery involves ethi-
cal concerns, particularly regarding informed consent
and patient autonomy. Many patients affirm feeling
overwhelmed by this process, often due to inadequate
information or unrealistic expectations. The evidence
supporting these findings varies, with some themes
showing low confidence due to methodological limi-
tations, primarily associated with small sample sizes,
undisclosed sample characteristics, and unclear data
collection and analysis methods. These observations
are consistent with Weaver et al. [41], who also noted
variability in patient outcomes and highlighted the
complexity of DBS’s impact on different aspects of
patients’lives.

Evidence from our review also points to the feeling
of loss of control experienced by patients during treat-
ment. While feelings of euphoria and freedom may
instantly follow surgery, encounters with unpredicted
effects or remnants of the disease might undermine
patients’ sense of self and autonomy. Mathers et al.
[8] attribute the sense of normality to the ability to
experience a certain level of control after DBS, which
is crucial to an adequate adaptation process. This
phenomenon is illustrated by Gisquet [31], indicating
that patients want to control both the treatment and its
effects. Similarly, the mixed feelings about the hand-
held controller reflect concerns regarding patients’
ability to manage their own treatment effectively.

This issue gains relevance when accounting for
the fact that most patients seem to expect psychoso-
cial changes from the treatment. Our study maintains
the conclusions of Mathers et al. [8], in that despite
having enough information on the procedure, patients
still hope to return to a state of premorbid normality.

Presurgical expectations, however, may influence
treatment outcomes. Mameli et al. [9] found that
when patients formulate overly optimistic expecta-
tions before surgery, QoL, perception of autonomy,
and perceived motor outcomes are lower, even when
motor improvement is objectively significant. This
is supported by Maier et al. [10], which found that
dissatisfied patients expected more improvements
in mental state, social life or romantic relationships
than patients who felt satisfied with DBS. On the
other hand, while formulating unrealistic expectations
may affect perceived outcomes, adjusting expecta-
tions before surgery increases satisfaction, even when
symptoms do not improve or when psychosocial
adjustment is absent or worsened [9].

Self-perception shifts, mood alterations, and social
relationship dynamics further illustrate the profound
psychological and social impact of DBS. In relation
to mood changes, a recent systematic review found
depression, mania/hypomania, psychosis, anxiety,
suicidal ideation, and hypersexuality as the most
common psychiatric disorders reported after DBS [2].
However, data remains controversial. Results from a
meta-analysis focused on depression and anxiety after
DBS are heterogeneous, with reports of improve-
ments shortly after the surgery but becoming weaker
with time [42], which was also found by Perestelo-
Pérez et al. [43] with a smaller effect. Suicide rates
were also considered unlikely [42].

In general, mood changes seem to emerge depend-
ing on electrode position, besides psychosocial fac-
tors. GPi-DBS, for instance, seems more favorable for
depressive mood, when compared to STN-DBS; the
opposite seems to apply for anxiety symptoms [42,
44]. However, more recent data points to an increase
in apathy after STN-DBS, compared with pre-surgi-
cal and medication-only groups, despite dopamin-
ergic treatment, disease progression or pre-existent
psychiatric conditions [45]. Such differences in elec-
trode placement are identified as a possible cause for
different outcomes [2, 44]— which makes the lack
of transparency and information regarding electrode
position an important bias in qualitative studies.

While changes in humor are recognized both by
patients and caregivers, it is possible to say they do
not perceive changes in the same way, which may
contribute to interpersonal challenges and difficulties
in communication. These changes are supported by
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moderate confidence, reflecting a consistent but not
universally applicable pattern across the studies. This
aligns with findings from Mathers et al. [8], which
similarly emphasize the varied and deeply personal
nature of patients’experiences with DBS. Similarly,
Lewis et al. [46] found that patients and caregivers
perceive postoperative quality of life (QoL) differ-
ently. In particular, while patient QoL scores improve
significantly after surgery, caregivers report lower
QoL scores at the same time point.

Regarding social relationships, in a meta-analysis
of 13 studies by Zapf et al. [4], both improvements
and deteriorations were found. With few excep-
tions, studies support changes in different directions,
depending on the quality of the relationship, com-
munication levels and pre-existent conflicts. Hyper-
sexuality is also mentioned as a core cause of strain
in marital relationships, decreasing social adjustment
post-surgery. The same issue is reported by Mathers
et al. [8], in that spouses must renegotiate roles after
surgery, which might cause struggles within mar-
riages. However, Zapf et al. [4] point to the lack of
data that allows for clear conclusions about social
maladjustment after DBS.

Similarly, varying effects on behavior and atti-
tude also emerged from the findings. While some
patients experience increased freedom and reen-
gagement in daily activities, others struggle with
behavior changes. A meta-analysis by Razmkon
et al. [47] found that impulse control seems to
improve after surgery. In a more recent meta-anal-
ysis by Zapf et al. [4], irritability, aggressiveness,
and impulsivity are mentioned as causes of malad-
justment following DBS. Moreover, loss of initia-
tive and decreased interest in activities is also men-
tioned in studies that point to behavior change after
DBS, with Mathers et al. [8] as an example. The
evidence raised by our review also varied, in that
some findings show low confidence due to meth-
odological limitations.

Finally, issues related to cognition underscore
the need for further research and ethical considera-
tion. The cognitive effects of DBS are particularly
contentious, with reports of both improvement and
decline, leading to the lowest confidence in this
area. Wang et al. [3], in a recent meta-analysis,
point to a general improvement in cognition, except
for a decrease in phonetic and semantic fluency.
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The same finding is reported in Perestelo-Pérez
et al. [43]. Here again, patients and caregivers may
not perceive these changes in the same way, high-
lighting the importance of personalized care and
the need for continued ethical scrutiny in the appli-
cation of DBS in Parkinson’s disease.

Ethical Implications of DBS

Deep brain stimulation (DBS) for Parkinson’s disease
is uniquely significant due to the specific motor symp-
toms it targets, such as tremors, rigidity, and bradyki-
nesia, which are not as prevalent in other disorders.
The focus on Parkinson’s disease stems from the
established success of DBS in improving these motor
symptoms, which are often refractory to medication.
This specificity underscores the necessity of evaluat-
ing DBS within the context of Parkinson’s disease,
independent from its application in other neurological
or psychiatric disorders. The unique risks, benefits,
and patient experiences associated with DBS for PD
demand tailored ethical considerations and regulatory
frameworks, distinct from those required for other
applications of DBS or different neurotechnologies.
As noted by van Velthoven et al. [14], “though we can
indeed learn from the ethical implications of the other
neurotechnologies included in our review, it is equally
important to acknowledge that relevant differences
between these technologies may also exist”. Given
that different neurotechnologies have specific impli-
cations, there is a need to analyze each one of them to
assess the conditions for acceptability and to develop
further regulation and ethical guidance for the trans-
lation of these technologies into society [14].

Additionally, the ethical implications of DBS in PD,
such as changes in self-perception, mood, and social rela-
tionships, are deeply tied to the nature of the disease and
the particularities of its treatment. As seen in the results,
the experiences of Parkinson’s patients with DBS high-
light issues of identity, autonomy, and quality of life that
may not be as prominent in other contexts. Thus, while
lessons can be drawn from the use of DBS in other disor-
ders or from other neurotechnologies, the specific ethical
challenges in Parkinson’s disease necessitate a focused
and context-specific analysis. This approach ensures
that the ethical guidance and regulations developed are
appropriately aligned with the unique needs and experi-
ences of individuals with Parkinson’s disease.
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In this direction, empirical ethics offers a vital
approach to understanding the ethical implications of
medical interventions like DBS by integrating empiri-
cal research with normative ethical analysis [48, 49].
This approach is particularly relevant in the context
of DBS for PD, where the experiences of patients and
their caregivers reveal a complex interplay of benefits
and challenges. Empirical data drawn from patient
experiences helps to contextualize ethical principles,
ensuring that ethical analyses are grounded in the
lived realities of those affected by the intervention.

The variability in patients’experiences with DBS,
as highlighted in the review, also underscores the
importance of context-sensitivity in ethical evalua-
tions. Musschenga [49] notes that “all conceptions
of empirical ethics have in common a concern with
the context-sensitivity of ethical principles, guide-
lines, and recommendations as an essential part of
the job of ethics. Care for context-sensitivity requires
that ethics cooperate with the empirical sciences” (p.
485). By engaging with disciplines such as sociology
and psychology, empirical ethics can more accurately
reflect the diverse ways in which patients and car-
egivers experience and interpret the impacts of DBS,
thereby refining ethical guidelines to be more attuned
to these nuanced realities.

Moreover, empirical ethics is crucial when con-
sidering DBS, as the moral implications of the treat-
ment may vary significantly depending on the per-
sonal, social, and cultural contexts of the individuals
involved. By uncovering the “moral sources” embed-
ded in the everyday experiences of those undergoing
DBS, it provides a more nuanced and contextually
informed ethical analysis, contributing to the respon-
sible development and application of such medical
technologies.

The ethical implications for practice, based on
these findings, underscore the need for comprehen-
sive patient education and informed consent pro-
cesses that go beyond the technical aspects of DBS.
The evidence suggests that while patients often expe-
rience significant motor improvements, the psycho-
social alterations—such as shifts in self-perception,
mood changes, and social relationship dynamics—are
equally critical and may not be sufficiently explored
by clinicians during pre-surgical assessments. The
variability in patient experiences, particularly in areas
of mood and self-perception, indicates that these
aspects need to be explicitly addressed with patients

and their caregivers prior to surgery to set realis-
tic expectations and prepare them for the potential
challenges.

Moreover, the review highlights the importance
of integrating psychological support, such as psycho-
therapy, into the treatment plan for patients undergo-
ing DBS. The psychosocial stressors and emotional
fluctuations reported by patients suggest that ongoing
psychological care is crucial to help them navigate
the complexities of post-surgical life. This approach
calls for necessary caution in identifying and manag-
ing these stressors during pre-surgical assessments,
ensuring that patients are not only physically but also
mentally prepared for the outcomes of DBS. Address-
ing these ethical considerations in practice can lead
to more holistic care, ultimately improving the overall
quality of life for patients receiving DBS.

In this context, studying the ethical implications
of DBS is crucial for promoting the responsible
development of new interventions. As Kanter et al.
[50] emphasize, such studies can serve as valuable
resources and educational tools for scientists, engi-
neers, and clinicians by providing an overview of the
ethical considerations relevant to their work. By sys-
tematically examining the psychosocial and ethical
dimensions of DBS, we can offer insights that inform
clinical practices and guide the development of
patient-centered approaches. This ensures that tech-
nological advancements like DBS are implemented in
ways that respect and prioritize patient well-being.

Moreover, as Davies et al. [12] point out, “sys-
tematic reviews in the field of bioethics are relatively
rare”. This makes the analysis of DBS’s ethical impli-
cations particularly valuable, as it helps bridge the
gap between technological innovation and ethical
practice. By conducting these reviews, we contribute
to a growing body of knowledge that supports ethi-
cal decision-making in healthcare, fostering a more
reflective and responsible approach to the use of
neurotechnologies like DBS. This, in turn, can help
clinicians anticipate and mitigate potential ethical
challenges, ultimately leading to more informed and
compassionate care for patients.

Implications for Practice, Policy, and Future Research
The results of this review have several important

implications for clinical practice, policy develop-
ment, and future research related to DBS in persons
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diagnosed with Parkinson’s disease. In practice, these
findings highlight the need for a more comprehensive
and individualized approach to patient care, particu-
larly in the pre-surgical phase [51]. Clinicians should
ensure that patients and their caregivers receive
thorough and realistic information about both the
potential benefits and the challenges associated with
DBS, including the psychological and social impacts.
This approach would help manage expectations
and improve the informed consent process [52, 53],
addressing ethical concerns about patient autonomy
and the quality of decision-making.

From a policy perspective, the variability in patient
experiences and the moderate to low confidence in
many findings suggest that existing guidelines for
DBS may need to be revisited and refined. Policy-
makers should consider incorporating recommenda-
tions for routine psychological assessments and sup-
port, both before and after DBS surgery, to better
address the psychosocial and cognitive challenges
that patients and caregivers may face [52-54]. Addi-
tionally, policies could be developed to standardize
the follow-up care and support provided to patients,
ensuring that issues such as mood changes, self-per-
ception shifts, and social relationship dynamics are
adequately managed.

Future research should focus on addressing the
gaps and limitations identified in this review. There
is a need for more high-quality, longitudinal stud-
ies that explore the long-term psychosocial and
cognitive effects of DBS in diverse patient popula-
tions [54]. Cross-cultural research is also needed to
address the lack of diversity in current DBS research.
Furthermore, research should aim to develop better
tools for assessing the broader impacts of DBS on
patients’lives, including their relationships and social
functioning. By advancing our understanding of these
complex issues, future studies can contribute to the
development of more effective and ethically sound
interventions for patients undergoing DBS.

Limitations

The review presents valuable insights into the ethi-
cal implications of DBS for PD, but several limita-
tions should be acknowledged to provide a more
balanced understanding of the evidence. One signifi-
cant limitation is the exclusion of articles written in
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languages other than English. This exclusion poten-
tially biases the results by omitting studies that cap-
ture cultural differences in patient experiences, per-
ceptions, and ethical considerations. As DBS is used
globally, the lack of non-English studies means that
important perspectives, particularly from non-West-
ern contexts, might be underrepresented, leading to
a less comprehensive understanding of the global
ethical landscape surrounding DBS.

Another limitation is the heterogeneity of the
included studies, particularly regarding study design,
sample size, and methodological rigor. The review
findings often have only moderate to low confidence,
partly due to these variations, which can affect the
consistency and reliability of the conclusions drawn.
The differing methodologies across studies may lead
to varying interpretations of similar phenomena,
complicating the synthesis of results and potentially
obscuring important nuances in patient experiences
and ethical implications.

Finally, the review might be limited by the under-
representation of long-term outcomes. Many studies
focus on short- to medium-term effects of DBS [54],
but the ethical implications of DBS might evolve
over time as patients adapt to the treatment and as the
disease progresses. Longitudinal studies that follow
patients over extended periods are essential for cap-
turing the full spectrum of ethical concerns, including
changes in self-perception, mood, and social relation-
ships that may develop years after the initial treatment
[54]. Without such data, the review may not fully
reflect the long-term ethical challenges associated
with DBS, leaving an important gap in the literature.

Conclusion

Deep brain stimulation for Parkinson’s disease can offer
significant improvements in motor function and quality
of life, although the patient experience is highly individu-
alized, with varying degrees of success and challenges.
Psychosocial changes, such as shifts in mood, self-per-
ception, and social relationships, are at the center of this
experience, even in cases where motor improvement was
significant. The confidence in the evidence supporting
these findings varies, mostly showing significant meth-
odological limitations. By systematically examining the
psychosocial and ethical dimensions of DBS, we offer



Neuroethics (2025) 18:38

Page 33 of 35 38

insights that inform clinical practices and guide the devel-
opment of patient-centered approaches. This ensures that
technological advancements like DBS are implemented
in ways that respect and prioritize patient well-being.
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