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1.Introduction

Benabid, a neurosurgeon involved in the developnwhtDeep Brain Stimulation (DBS) for
Parkinson’s Disease is one researcher who has stegigihat this technology could be advantageous
for the treatment of Parkinson’s as well as othsorders (Benabid 2003). This suggestion is a tesul
of discussions surrounding the treatment of patievith mental disorders such as depression. The
idea of DBS as a treatment for mental disordersbleas taken up by the Defense Advanced Research
Projects Agency (DARPA). In 2013 DARPA announcedt timey would conduct a study, launching a
five year program in which they plan to invest mtran 70 million dollar to perform research using
DBS (Rukovest 2013). This announcement from DARBAhe starting point for this thesis. The
DARPA project manager Sanchez claims that “therestié a great burden of psychiatric and
neurologic diseases that remain unaddressed” (@.d5), and that the project will develop novel
brain interventions to address these disordersreTtsea particular interest in treating soldiersl an
veterans since many develop different neuropsyatidisorders such as depression, anxiety, and
posttraumatic stress disorder (0.c.). DARPA’s antoi have a DBS prototype to treat these different
mental disorders within five years. (Tucker 201R)ikovets (2013) quotes the Director of Research,
Grafman, who explains that the goal behind thestraent of DARPA and the research of DBS as a
treatment for mental disorders is to combine anyaisaof all DBS treatment possibilities with
research to improve the current knowledge. Thikésunderstanding of brain networks and electric
signal patterns (o.c.). Grafman thinks that “themay be a role for an artificial implant of some in

that you can turn on and off, like DBS for Parkin'san the neuropsychiatric domain” (o.c., p. 15).

DARPA sees DBS as a treatment and also as an opfgrto interact with the ‘healthy’ brain
by electronic device implantation. Sanchez mentthasthe hope is that these interactions will lielp
identify brain networks involved in different mehgaocesses, such as memory and cognition (Talan
2014). To reach this goal and acquire insights abwntal disorders, DARPA will monitor different
brain regions before direct stimulation (Hsu 2014).create their prototype, DARPA will use DBS to
detect and categorize emotional reactions in thggdale. The idea is that strong emotional reactions
can be avoided if the activation of the amygdaleispered. Liao (2014) has suggested that when the
strength of emotional memories is reduced, they mdt turn into strong long-term memories. This
might help to reduce potential trauma after miitaervice. Talan (2014) argues that after DBS
treatment in epileptic patients, the patients pentml better playing a computer game when the
electrodes were used to stimulate the entorhinatexo Sanchez believes that DARPA can

“revolutionize treatment for all types of brain plems” (o.c., p. 8).

Overall, DARPA will investigate DBS as a possibéetinology for targeted stimulation of
certain brain areas to be used as a treatmentdntaindisorders, and to restore normal brain fonsti

(Hsu 2014; Tucker 2014). This case shows that tisecarrently an increasing interest in new usages

-3-



Assessing the Plausibility of the Expectations AHOBS for Depression CM van Leersum

for DBS in the military sector, especially to tréla¢ mental disorders discussed previously. Thig ne
interest results in several expectations about DB#®. status of current development and research of
DBS as a treatment for patients with depressionthadising expectations with this treatment are
investigated in this thesis. To investigate howoeeld assess the desirability of DBS for depresdion
will analyze the plausibility of the expectatiorisoat DBS as a treatment for patients with depressio
An approach to investigate the plausibility shoalércome the problem that ethical research works
alongside the speculations of new technologicasipdgies. Thus, | will not evaluate the desiratyil

of this treatment, but investigate whether the etqi®ns that it might become a desirable technolog
are plausible or not. This first chapter introduttes main topics of this thesis, the research tprest

and the outline of this thesis.

1.1  Experimental Phase of DBS for Depression
One of the first basic medical experiments with Di3Sa possible treatment for depression, performed
by the research group of Mayberg, concluded th&b D&presents an efficacious novel intervention for
severely disabled patients with treatment-resist@pression (Mayberg, Lozano et al. 2005, p. 657).
Four out of six patients achieved sustainable @iniesponse after six months DBS (o.c., p. 656-657
The results could be seen as striking, but furtheearch seems necessary with larger patient groups
in order to investigate the first response to thattment, as well as the long-term and recurrdatisf
of depression (Schlaefer and Lieb 2005). The groupayberg is one which studies DBS as a
treatment for depression, but other research gralgosinvestigate this treatment, such as Jimehez e
al. (2005) and Schlaepfer et al. (2013). Galvealei(2015) is critical towards all research. After
reviewing ten experiments with DBS for depressithey argue that there are many uncertainties
around DBS and its treatment possibilities, esfigai@nsidering long-term effects. In their viewg, t
know whether or not this technology is superiommedical treatments in cases where depression is
unresponsive to drug or other therapies, more {tenm) medical experiments are required (o0.c.). |
give a more extensive analysis of different studieschapter four. | will elucidate on some

expectations throughout this thesis (appendix Awvshan overview of some expectations).

1.2  Deep Brain Stimulation in Ethical Debates
The technology of DBS and the publication of expemts outlining new applications for its use
caught my attention. | was especially interesteth@écase put forward to use DBS as a treatment for
depression, alongside the research DARPA has pedp@éd the moment DBS is already accepted as a
treatment for Parkinson’s Disease and Obsessive pGlsive Disorder, but the treatment of
depression with DBS is still in its experimentabph. Ethicists are mainly involved with the overall

ethical implications of DBS as a treatment. Howetlee ethical issues that are important when DBS
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may be used as treatment for depression mighttilighffer from ethical issues considered in the
treatment of Parkinson’s Disease. For example @an@2009) considers personality changes as a
possible side effect of DBS treatments. This chamngpersonality is not necessarily unwanted or
undesirable, and maybe even inapplicable in thetrirent of patients with mental disorders such as
depression (Pacholczyk 2011). Chapter six will ®ooumore detail on personality change and other
possible ethical implications. Although it can bepbrtant to consider ethical issues in early stafes
development, when considering speculations, weecahup with hopes but do not know exactly the

actions and results of this treatment. | explaig it the following paragraphs.

1.3  Expectations Resulting in Speculative Ethics
The rise of expectations, about DBS becoming atrtresat for depression, considering clinical
experiments, DARPA’s plans, and media attentiori guerounds it, is a common phenomenon in
innovation processes. As sociologists studying vation have pointed out, new technologies and
coming changes first pre-exist only in the imagmatin expectations, and visions which shape their
potential (Borup, Brown et al. 2006, p. 285). Adaling to the Merriam-Webster dictionary, an
expectation is (1) “a belief that something willppan or is likely to happen” and (2) a “feeling or
belief about how successful, good, etc., someors@mething will be.” This definition already shows
us that an expectation consists of two differemtgpa predictive, more factual aspect and a navmat
element. Borup et al. (2006, p. 268) discuss tRpéetations can be seen as fundamentally generative
in guiding activities, providing structure and liégiation, attracting interests, and fostering
investment. Expectations can have an influencéerstientific and technological change, will define
roles, clarify duties, and offer a shape of whatxpect and how to prepare for opportunities askkri

(o.c., p. 268). Rusconi and Mitchener-Nissen (2p12) listed benefits for research and development

To guide and drive research activities and to eodanteractions and communication.

To justify and legitimize the mobilization and alkdion of resources of future benefits.

To attract the attention and engagement of actaisallaborators.

The production of experiments, models, researcjepi® and calculation will be enabled.

Construction of future scenarios and formation ofc@nsensus to counterbalance the

uncertainties of a new technology.

- Enlisting public support through presentationsutfifes.

Besides the benefits of expectations, there isvandimle. Van Lente et al. (2013, p. 1615)
argue that waves of media attention for a certachriology under development can raise high
expectations about its possibilities, a ‘hype’. Erample, expectations that foresee a bright futute
which create overly-positive expectations can wdtiely damage credibility and reputations (o.c., p.
1615). It is a tempting way to characterize tecbgiglal development, but hypes are usually followed
by disappointment when the high expectations atenat (o.c., p. 1616). However, as Swierstra and
Rip (2007) discuss, speculations are not only chimemedia attention. Some expectations are a

reflection of the promises raised by the reseascherattract attention for financial, political, can
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moral support. Unrealistic expectations are indjtaunmet according to Rusconi and Mitchner-

Nissen (2014, p. 4), and drawbacks can include:

Unrealistic hype that detracts from the long-temtue of the basic science.

Financial losses and difficulty in securing souréesfields which have suffered from a
collapse of expectations.

Resources being diverted from more realistic, ées#ing, research.

Undermined trust that can slow or prevent futuegpess in the research.

Reputation of individuals, companies, institutions,research fields can suffer as promises
fail to materialize in the present.

Different people can suffer as a result, for examptividuals who suffer financial loss from
investing, or patients who suffer emotionally hayibelieved the claims to treat their
condition.

1.3.1 Expectations about DBS for Depression

As described above, DBS for depression has beeth Iygeseveral research groups. Although the
number of experiments performed is limited and mamgertainties abound, a variety of expectations
about DBS as a treatment for depression are ctioglaStrickland (2014) imagines a world free of
disability, depression, and loss of memory. He etgpéhe use of DBS as a therapy to treat patients
with depression, but also used for those who do yedtsuffer from any disease. Biological or
pharmacological therapies will be discarded in fagbelectronic additions to human bodies (o.c.).
Sanchez expects that “the neurotechnologies wewsitk to develop ... could give new tools to the
medical community to treat patients who do not oespto other therapies, and new knowledge to the
neuroscience community to expand the understarditgain function” (Engelking 2014, p. 2). The
investment of DARPA to investigate DBS as a treatinfer mental disorders will focus on military
personnel at first, but also underlines its potdrit benefit everyone (o.c., p. 2). Although Sazh
sees DBS as “a transformative approach to intevabtthe brain”, he acknowledges that it could take
many years before individuals would benefit (opc.8-9). Talan (2014) points out that the DARPA
project stems from the idea that successes for 888 treatment for depression are proven. Current
evidence is limited, however, it is hard to assess seriously one should take the high expectations
cited above, in particular for relative outsideFkis poses a problem not only for the general gubli
and policy makers, but also for ethical reflectiamsDBS for depression. The beliefs of DARPA are
that the advances made in DBS to successfully tireeilation to treat severe depression suggest that

the technology could be developed further (Talab420

The military domain and the medical domain are ime0 in experiments with DBS for
depression. Fisher (2013) suggests that psychsawiant to use DBS for the treatment of psychiatric
disorders. He discusses that DBS is currently usedreat depression, dementia, Obsessive
Compulsive Disorder, substance abuse, and obesity,that more possible uses are beginning to
follow (o.c.). “Unintended side effects have alsoursed new uses of this poorly understood

technology” (o.c., p. 1). Bell et al. (2010) argimat patient’s hopes and expectations of DBS may
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have been raised to unrealistic levels by enthtisiasedia reports, such as the article of Fisher
(2013). Another example of a very optimistic expéon is argued by Solomon (2014) during a TED
radio talk where he says that “the most radicahkiteough is Deep Brain Stimulation (...) absolutely
astonishing results with people who failed eveilyeottreatment.” This statement suggests that DBS

will be a desirable treatment for patients who haeebenefitted from other treatments.

These previously discussed expectations are visibléhe public domain, but there are
expectations in the academic domain as well. Kaemmnand Otto (2014) argue that researchers and
physicians expectations are not always reliableseBeehers and physicians can have intuitions that
may become clouded by the discovery of each efiiate for example Lozano and Mayberg (2015)
discussing that DBS should offer a lifeline to peogho might otherwise be doomed to endless
despair. This argument tells that it is benefié@ some patients, and that the technology should
become an accepted treatment. In contrast, sordeestpresent DBS for depression with a bit care,
for example “DBS might be a safe and efficaciodusrahtive method” (Schlaepfer, Bewernick et al.
2013, p. 8). Although this is still a positive expaion of DBS as a treatment for patients with
depression, it is expressed with less certaintgid®s all arguments that might create expectaiions
regards to the possibility of DBS, Moss (2013) sgig that it may become an actual treatment option,
stating that “DBS is emerging as a viable optiontfeatment-resistant depression.” She discuss¢s th
after six months, results show significant improees in patients with depression, with a lasting
response unless the battery runs out. Overall,atafiens can range from the unrealistic, promiging
new switch in the brain, towards which could beortgd as an alarming expectation. All drawn
images and stories from the scientific and pubbmdin can easily result in high interest, in both

uncertain and possible false expectations.

1.3.2 Anticipatory or Speculative Ethics?

Shilton (2015) says that we can use the designept@mgeflect on the impact, use, and potential
consequences of a new technology. AnticipatorycetBeeks to highlight the ethical challenges in
emerging technologies, and encourages actors ¢casdithics during the design process. Brey (2012)
suggests that we incorporate anticipatory ethi¢ghéndesign of new technologies. Ethical issudhén
research and development stage cannot be reliablyrk as we cannot know the future (o.c., pp. 1-2).
It is difficult at the moment to know which ethidakues will play out when the treatment of DBS for
depression is utilized. As Brey (2012) discusseseéms important to anticipate ethical issue$ién t

early stages of research and development, howi¢vedifficult to know the future.

Nordmann (2007) was the first to point out the rigk anticipatory ethics and the
disproportionate attention of ethics towards higklyeculative scenarios. In particular, he has

difficulty with a concept he calls the ‘if-and-thegyndrome’. An if-and-then statement suggests that
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when a certain technology is designed that theldprmeent will continue no matter what, and asks us
to consider the potential consequences of this ldpweent (o.c.). He uses examples of human
enhancement to illustrate, stating “if it should gmessible to create a direct interface betweembrai
and machines, this research threatens an inva$ipnvacy when machines are used to read human
minds” (o.c., p. 33). These arguments show howdp#&ee ethics invite a mandate for action, it does
not matter how plausible it is that research sutede.c., p. 33). Nordmann and Rip (2009, p. 273)
argues how the hypothetical gets displayed by gasgd actual in if-and-then statements, the
imagined future overwhelms the present. A futurat thas a speculative possibility is turned into
something inevitable. The effect of the if and Hvenstruction is that consequences of a development

are presented as calling for ethical attention.

The exploration of ethical issues relating to enmggechnologies can lead to discussions
about misguided and irrelevant implications (Bré12). This exploration can be seen as unwanted.
Therefore it is important for ethicists to know whidevelopments require attention because as
Nordmann (2007) argues, ideas of incredible futwas distract developers from ongoing design,
because the if-and-then statements are incompriglenf®r systematic reasoning. Discussions
concerning overly ‘futuristic’ ethical issues amaanted, but we need to anticipate and preparerus f
unforeseen futures as well. Speculations aboutdigoenarios can result in expectations aboutsbe u
and performance of an emerging technology. Kingle(2011) argues that the major problem is the
understanding of an emerging technology. Not ohly &ccuracy of expectations, promises, and
concerns are low, but also the accuracy of predidechnological development. This has
consequences for the connection between ethicseahdology (0.c.). An ethicist should become able
to distinguish between outright speculations anehlistic’ expectations of new and emerging

technologies.

1.3.3 Ethics and DBS for Depression

| showed that speculative ethics can become a gmolibr the assessment of emerging technologies,
and that the current discourse about DBS for defmeds characterized by a lot of expectations and
uncertainties. As a result, ethical reflection oBDfor depression might indeed fall into the trdp o
speculative ethics. Looking at the existing ethitatature, can we observe such speculative éhics
Schermer (2013) argues on all possible DBS treasneand expects that DBS will become a
treatment for many mental issues, including dejwas$he claims, for example, that “it might even
turn out to be possible to use it to enhance covgnitinction, mood, or other mental functions” (p.c

p. 436). She states that cognitive enhancementpedkibly fall within the boundaries of medicine,
well-being, quality of life, or could fulfil ‘vitdl goals, claiming that “the goals of medicine da no
function as a static set of aims and limits” (opc.444). Kuhn et al. (2009, p. S140) argues thdtds

to be assumed that the indications for DBS anduaqgy of its therapeutic application in psychiatry
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will increase substantially.” With this assumptithiat ethical claims such as informed consent have t

be taken into account (o.c.).

Despite the ethicists who discuss DBS as a tredtinegeneral or for mental disorders, there
are less who discuss DBS treatment for depresgiecifically. Johansson (2010) discusses that use of
DBS should be extended and that its use for ttenent of depression is evaluated. There are gaps
that need to be fully researched (o.c., p, 41)adsson et al. (2011) discuss the possibilities of
personality change when a depressive patient &etlewith DBS. “A successful outcome of DBS
could be viewed as a form of liberation since adhance for the patient to be and live authentic is
eliminated when the depression is vanquished orifsigntly reduced” (o.c., p. 2). Although they
assume that it will become a treatment, they atbaethe treatment is not yet fully developed. This
shows that the ethical issues are at some extesaidban speculations. | will use an assessment to

analyze which ethical implications might becomespiieg issues in the case of DBS for depression.

1.3.4 Assessing the Plausibility of Expectations

In the wake of the discussion about speculativeegtive should not avoid all early ethical reflenti
entirely, but need to understand that reflectionsD&S for depression could result in speculative
ethics. Methods have been developed to reduceskef going along with unrealistic expectations.
Considering this evidence, the aim of my thesisasto assess the desirability of DBS being used as
treatment of patients with depression, but to comevith an agenda for ethical debate on desirgbilit
that focuses on issues that are both plausiblaissgeht. To do so, | will use an approach to asdess
plausibility of expectations developed by Lucivetoal. (2011). They claim that to assess the gualit
of expectations of emerging technologies both skispt and imagination is necessary. Taken from
Nordmann, the quality of expectations should notdien for granted in ethics. An ethicist should
avoid the unwarranted and strategic claims wheldingi his analysis. This can be done by focusing
on a specific technology instead of a general teldgical field and by a ‘reality check’ of takenrfo
granted scenarios of technological and societadsdo.c., p. 131). Expectations are future origente
abstractions and the rhetorical character of egpiects might not limit, but provide a starting poin
Even though the truth of expectations can only basitlered in hindsight, the plausibility of

expectations can be explored (o.c., p. 132).

Lucivero et al. (2011, p. 133) consider three disi@ms in expectations; technological
feasibility, social usability, and desirability. r&i, in regards to technological feasibility, thenee
different reasons why an ethicist should distrbostdlaims of scientific experts. As shown in higfor
many claims never materialize and these claims#ien strategic, as pointed out by a sociology of
expectations. The aim of the actor and the audidncevhom the expectation is presented are

important factors when analyzing the plausibiliy expectations (o.c., p. 133). Controversies and
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compromises take place before the laboratory pteste scientific results to the world. The
arguments to convince the researchers are différemtthe arguments necessary to reach the broader
public. The ethicist can come across these cons@s and uncertainties by literature study and
research on the laboratory floor (o.c., p. 133-133hapter four consists of the technological

feasibility analysis of this thesis.

Secondly, social usability is included in order dscuss whether possible technological
expectations might imply social conditions that @neossible (o.c., p. 135). For example, the vision
of the use of a technology in future medical pctire built on presuppositions about this practice
Presupposition can be implausible, even if therteldgy itself would be feasible. Therefore, relevan
current practices and the envisioned new practee o be investigated, to create a detailed inohge
how the use beyond the laboratory might look liketors who are involved in practices of a new
device can share current experiences, opinionsgdeas about possible aspects that need to change,
prevent expected use, or encourage use in othetiqga®s (0.c., p. 135). A useful tool is a “thick
description” of the current and probable future okthe technology, pointing to the social condito
that are implicit in the expectations and helpsntagine the new technology in the social context

(o.c., p. 135). The current and envisioned prastare analyzed in chapter five.

Thirdly, the desirability focusses on how the intpaica new technology will be normatively
evaluated (o.c., p. 136). Although most expectatiabout emerging technologies suggest otherwise,
often there is no unanimous understanding of thmaots that a technology will bring. Lucivero et al.
(2011, p. 136) state that “the reason why engineensider the technology ‘good’ might not match
with doctors’ and patients’ considerations: whereagineers might be considered about the accuracy
of the test, doctors might be more focused on thessibilities to control the results of the teghjle
patients might emphasize the portability of theideX To assess how likely it is that future usansl
actors will accept a new technology and consideledirable, it is important to keep in view all the
different aspects and values that may come intp (@ac., p. 136). | will not analyze the desiratili

but the plausibility that implications might inflnee the desirability.

To complicate matters, it is hard to anticipate ramtors will evaluate values, since even the
values they hold may change as a result of thevatian. Technology, society, and morality are
bound up together and when there is a change intbaeothers are invited to change, resulting in
‘techno-moral change’. The ethicist can make aatwrse aware of the possibility of moral change by
building on techno-moral changes that have occurréde past (o.c., p. 137-138). An ethicist has to
make actors aware of the possible moral changethaneby encourage their imagination. Stimulating
imagination is to reflect how the technology mighange the values of actors and how these changing
values might affect the acceptance. This thesisonlly focus on the values discussed in literaaurd
during interviews with all different actors, anadglzin chapter six. In view of time, the thesis doet

include techno-moral changes.
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1.4 Research in this Thesis

Although DBS has already been introduced within hiealth care system, DBS for depression is a
possible emerging technology. The risk of specudagithics is apparent when an ethical assessment of
this treatment under development is performed. gda of this thesis is to analyze how to assess the
desirability of DBS for depression and avoid spatué ethics. | will perform preliminary work to
prepare an assessment of the desirability of DBSdépression. An assessment to investigate the
plausibility of the expectations about DBS as tresit for depression will be used to answer the
research question'How to assess the desirability of current expectas about Deep Brain

Stimulation as an emerging treatment for depressibite avoiding speculative ethics?”

1.4.1 Materials and Method

In order to reach the goal of this thesis and becable to answer the research question | distihguis
plausible from implausible expectations with the af the assessment developed by Lucivero et al.
(2011). The status of current development and reseaf DBS as a treatment for patients with
depression and the rising expectations with tlgatinent are investigated, with the use of litemtur
and an empirical study, to assess the plausibigcondly, | evaluate how we should assess the
desirability of DBS for depression on the basiglafusible expectations. Thirdly, the assessment is

used to develop a critical ethical agenda for treduation of DBS for depression.

This study consists of a literature study and apieaal part including several interviews with
probable involved actors with DBS for depressionséd the literature study to present the current
treatment of depression and development statu8& or depression. This literature used to analyze
the current situation and the possible expectatadmit the future or the use of DBS in the clinical
settings of the care of depression. In ability fstidguish between plausible and implausible
expectations raised in literature | used the emglinpart. Several aspects taken from literatureswer
guestioned during several semi-structured intersidw chapter two | describe the current diagnostic
and therapeutic procedure for patients with depas&hysicians for example were questioned about
this procedure in the actual clinical settings. Tiféerent experiments with DBS for depression are
described in chapter four, and this analysis fraterdture was used to form questions about the

experiments with this technology and developments.

Overall, information from current practice, expeemtal settings, and possible development
was used to question the technology and the ptigsiti embed DBS in the psychiatric care. The
answers to questions considering desirability avskiple ethical implications were used as a strtin
point and compared with ethical literature consiteDBS in general and specific for depression. For

example, the arguments of interviewees about plespérsonality change were compared with the
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arguments in literature. An overview of the quesdias given in appendix B. | have updated the
guestions before each interview with the use ajrmftion about the background of the interviewee,

and with the use of knowledge obtained by previotesviews.

The empirical part is used to analyze the techno#bgfeasibility, social usability, and
desirability of DBS as proposed in the assessmentldped by Lucivero et al. (2011). | have
performed several interviews which can be dividadfour groups. First, different professionals
involved in research of DBS as a treatment for eggion were interviewed, such as researchers,
physicians, and development companies. The qussivene based on current literature and presented
results of clinical trials. Problems in the teclogptal domain as well as the medical domain and
society are questioned. More specific informatitiowt the technological aspects that underlie DBS

for depression was obtained by an interview wittompany that develops the devices.

Secondly, different physicians who are not involvéth the research on DBS as a treatment
for depression were included. Questions conside¢hiagechnology were asked to these actors as well,
but the focus is on the social and desirabilityeasp of this technology in clinical practice. Tiyd
two interviews with insurance companies were usethvestigate the probability of incorporating
DBS in current psychiatric care. Fourthly, one @aitiwas questioned. The questions asked to this
patient were mainly used to analyze the desirgbilitis very hard to find patients who are willing
be interviewed. Therefore, due to this, only onteph was questioned and more information about

experiences of patients within psychiatric care alatsined from experience stories.

To analyze how we should assess the desirabilitijewdvoiding speculative ethics, the
expectations raised in literature are compared with results from the interviews. Quotes of the
arguments raised during the interviews were usedcfapters four, five, and six to underline
discussions. Most quotes were obtained from fretiypieapeated arguments by different actors. In
some cases, interesting or controversial quoteg weed as well to show a different view in the

discussion.

1.4.2 Outline of the Thesis

This thesis consists of seven chapters. Chaptersama three frame the topic of this thesis, depass
and the assessment of expectations. These chaptebased on literature and consist the motivation
behind this thesis, the underlying concepts of e&gion, and the methodology of technology
assessment for emerging technologies. | startapteln two with an historical overview of depression
to show different views of this disorder and how elassify it nowadays. Following, a description of
the diagnostic procedure, the treatment protoeal,all possible treatment options for depressidre T
historical overview and description of the psyctitatare of depression are necessary to understand

the possible position of DBS in the treatment prot@nd the evolving ideas of different actors d@bou
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(care of) depression. Chapter three elaborateb@agsessment method developed by Lucivero et al.

(2011) as | used this approach to assess the pilityf expectations.

The following three chapters are according to thesd dimensions of the assessment of
expectations and include information obtained filderature as well as from the empirical research
part of this thesis. The assessment as proposetubivero et al. (2011) used to discuss the
technological feasibility (chapter four), sociabbdity (chapter five), and desirability (chaptex)sof
DBS in the treatment of depression. As describedipusly, the different aspects of the assessment
are investigated with the use of literature redeaned empirical research. | compare research and
expectations raised in literature with the viewaofors included in the interviews in chapter fond a
five. | start in chapter four with the experimepesformed with DBS for depression and the status of
possible further development of the technology.stwas as well the start for the interviews and the
arguments of interviewees are compared with therditre on the experiments and possible

development.

The concept of script is introduced in chapter fiedlowed by a script analysis of the current
treatment process of depression based on literatuethe empirical part about the current care of
depression. Different scenarios based on the gdessibbedding of DBS in the psychiatric domain
follow. These scenarios for the embedding of DBE depression are based on the experimental
settings and the view of different actors includtethe interviews. | discuss the desirability irapker
six, establishing the issues raised and discuaséagcthe interviews. The discussion points dutimg
interviews were compared with ethical literaturengidering DBS as a treatment in general and
specific as treatment for depression. | end thésithwith an overall conclusion and reflection. The
reflection includes an evaluation on the approasdduthe empirical part of this thesis, and possibl

views on conflicts or obstacles for the embeddihDBS as treatment for depression.
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2.Depression

Depression is currently being treated as a diseadesufferers of depression are being incorporated
within the health care system as patients, buthhatnot always been the case. The past and current
perspectives are taken into account in this chaptewaluate the differences in time. High-techagle

to treat mental disorders like depression are bigitigduced step by step into the minds of society.
However, these experimental technologies requirthdu investigation and evaluation before we
should discuss the desirability. Depression is atatadisorder belonging to the psychiatric domain
and medical expertise of psychiatrists (Perring020This mental disorder includes a variety of
possible symptoms and its definition has changexu tme. The disorder of depression is discussed in
the following paragraphs, starting with the histatiperspectives and classifications (or categpaks
depression. This sets the basis of this thesis fandulate answers to questions like ‘What is
depression?’ and ‘Why Deep Brain Stimulation carubed as a treatment for depression?’ Different
speculations about the causes and theories bebpr@ssion are given in section 2.1. In section 2.2
the diagnostics and different treatment methodslépression, including non-neurostimulating as well
as neurostimulating therapies, are thoroughly desdr The explanation of depression and its passibl
treatments functions as a base for a better urshelisig of the current progress within the medical
field and the treatment of patients with depressinis basis can be used for example in the fifth

chapter to analyze the script of DBS for depression

2.1  Perspectives throughout the History of Depression
The understanding of psychiatric disorders likerdegpion has been subject to numerous changes over
time. | start at the roots of psychiatry in the Aamt Greek philosophy (Glas 1992, p. 25) and camstin
the overview towards the current perspectives. Tingrview gives an understanding of the
developing knowledge about the disorder we nowdsgression. It can assist for example to evaluate
the desirability of different actors for a specifimatment, in this thesis DBS. The historical
perspective also shows why we consider it as adiéspwhy we define patients, and search for the

best care possibilities for these patients. DBShirtig an additional factor to the best care or not.

2.1.1. Melancholia in Ancient Greece

Although it was not originally named “depressiotiiiere has been a certain level of understanding for
this mental disorder. There seem to be a lot obiigmt Homeric heroes in Greek history who have
reportedly suffered from melancholia (o.c., p. 259.Glas (1992) argues, there is a consensus dotice
in these stories. According to Greek philosophyg, ¢huse of melancholia can be found in the direct
surroundings of a hero, or is attributed to evimde possession. The view that melancholia was

caused by demons was rejected in the time of Higpes (Kusters 2013). Observation, reason/logic,

-14 -



Assessing the Plausibility of the Expectations AHOBS for Depression CM van Leersum

and the study of basic principles which cause dswa, or as the Greeks still call it “melanchalia”

became established practice (Glas 2003, p. 3).

Another possible explanation behind the change eintal states was sought in the
equilibriums of the four bodily fluids (Kusters 28)1 This speculation was called the Corpus
Hippocraticum and includes the theory of four bpdilids, called humors: blood, yellow bile, black
bile, and phlegm. This humors theory was a modificeon the work of Empedocles, who argued that
the world was a mixture of four elements: eartre,fair, and water (Glas 2003, p. 3). Glas (1992, p
26; 2003, p. 3) explains that each humor is reltdeslseason and a set of primary qualities. Tind fl
will increase in that particular season, with #sa@ciated qualities. Blood is related to springtfzand
wetness, yellow bile is related to summer, heatdigdess, black bile is related to winter, drynasd
cold, and phlegm with fall, cold and wetness. Traegording to this theory on humors, melancholia
was an increase of black bile (Glas 1992, p. 2iAg physicians defined the causes of melancholia as

an increase of black bile that they believed caesadtional and behavioral changes (o.c., p. 27).

2.1.2. Middle Ages and Renaissance

In time, the stance towards melancholic individdss been changed. The humors theory was still in
use in the middle ages, but there were two diffewvesws for melancholia. It could be, for exame,
excess of natural black bile as well as an excessmatural black bile. Beek (1974, p. 98) discasse
that an increased amount of natural black bile thiek and sediment-like melancholic humor, causes
a red flush of the head and a feeling of a heawdh@&he person will have a bitter-sweet taste, the
taste of natural black bile, a weak pulse, andutfiee will be red and thick. When a patient suffers
from excess of unnatural black bile, he will becoagitated about funerals and will hold the belief
that he will die soon. The pulse will become highae to unnatural black bile and the urine is thin

and lead-colored (o.c.).

Melancholia was also associated with a longingctmange of the environment caused by a
sort of listlessness and restless boredom (Glas3,2@0 7). The anthropologic dimension of
melancholia was an agitation of the human kind ted caused by the passion of humans to enter a
new era (Glas 1992, p. 30). Besides the increasedria self-awareness in the Middle Ages, the
“Renaissance” period introduces connections betveestrology and disease occurrence (o.c., p. 28).
Saturn was introduced in the case of melancholthatording to this belief, people who are born
under the influence of Saturn or people who hawersstellation on Saturn are more susceptible to
melancholia. They are expected to live on the eddeagedy. These examples show that scientists or
physicians in the Middle Ages and Renaissance geried to form a connection between symptoms

and disorders, or between a misbalance and symgmmg
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2.1.3. Modern Ages, the Time of Confinement

The beginning of the modern ages was a time ofigenfent for the mental ill individuals (Foucault
1972, p. 55). Glas (2003, p. 13) explains that nwHalic persons were perceived as delusional or
sufferers from a delirium without fever. Additionaymptoms were fear, restlessness, insomnia,
weariness, and discomfort in many different paft$ie body. In the 19century, medicine was aimed
towards a more neurocentric orientation with arggribcus on sensitivity and cognitive capabilities.
Neurologists were introduced to the treatment ohtaledisorders in the 30century. They have
reportedly advised many different therapies, ragdnom taking rest or insulin therapy to having

lobotomy or electroshock therapy (Kusters 2013).

Apart from the changes in treatment approachesifirtsteclassifications of mental disorders
start to take place. Judgments were based upoadldhsifications of mental disorders which ranged
from partial insanity to complete disability. Metdwlia for example, was considered as a disorder of
the partial insanity spectrum (Glas 2003, p. 13pdpelin was the first who had set the borders for
depression in 1920. He called for research on physiauses that could underlie mental disorders
(Glas 1992, p. 31-32). The classification was aengpt to make diagnosis of mental disorders more
reliable with observations that must be supplentehteexamination (Double 2002, p. 903). His work
was based on natural scientific concepts and theestion between pathogenesis and manifestation,
which are both important for modern psychiatry #mel understanding of mental disorders (Ebert and
Bar 2010). After Kreapelin's classification, demiesm became a separate part of psychiatry (Glas
1992, p. 31-32).

A couple of years later, in 1952, a method for thessification of mental disorders was
created and documented. The Diagnostic and Stalisianual of Mental Disorders | (DSM)
represented a fundamental change in the conceptiwh treatment of mental disorders. More
individuals than ever before were seen as menithtiyie to this DSM | and thus more people would
benefit from therapy (Ramirez 2014). The numbediafjnostic categories increased over time from
106 in DSM | to 357 in DSM IV, which was createdl1i&894 (Double 2002, p. 902). The DSM is still
considered a very important tool for the curremwiand diagnosis of depression. The definition of

depression according to the DSM is described irDilagnosis section.

2.1.4. Depression in the Current Health Care System

The previous paragraphs have shown that from thestiof ancient Greece or even before and towards
modern ages, not only the name, but also the ctincepnd understanding of depression changed.
This change had started with a search for (physegdlanations for people who were perceived as
‘different’. The criteria of diagnosing suffererso depression had changed over time, possibly

because of the difficulty to elucidate the pathapblpgy of depression due to the heterogeneity of
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this disease (Hasler 2010). One hypothesis argyedHdsler (2010), is that a depletion of the
neurotransmitters serotonin, norepinephrine, oradope in the central nervous system is a
pathophysiological basis for depression. Serotoisincurrently the most extensively studied
neurotransmitter (Neumeister, Konstantinidis et aD02). The dysfunction of the central
noradrenergic system is based on evidence of desesorepinephrine metabolism, and the reduction
of dopamine neurotransmission was consistent wrtdaced dopamine uptake and striatal dopamine
transporter binding (Hasler 2010). Another hypothés that the corticotrophin-releasing hormone
(CRH) plays a prominent role in depressed patieittsa childhood trauma. Cortisol is released i th

plasma since corticotrophin secretion is inducesl tduUCRH release in response to mental stres$.(o.c.

There is not only a range of possible pathophygiold explanations, but there is also a range
of possible symptoms such as depressive mood, tredun interests which seemed enjoyable before,
insomnia or hypersomnia, weight loss or gain, é2A 2013). The discussion around the broad
criteria in the DSM implies that we live in a sdgien which more and more people seem to be
suffering from depression. This increased numbesudferers might result in an increase in the
number of patients for DBS as well. A main point ftiscussions is why the diagnosis of depression
has been increased over the last decades. Isubdbdlifference in perspective over time, creatibn
the DSM, or are there any other reasons? Accordirigehue (2008, p. 17) three main factors behind
the increase of diagnosed patients with depressiarbe categorized as follows:

1. Depression is an age-old biological disorder, axisin people from all over the world. This
increase of the number of patients is caused byarehbetter diagnostic tools and treatment
methods.

2. It serves as a “product” created by the pharmacaluitidustry which gains more money and
power by selling their products and seeks a wdgigh depression into society’s core.

3. This society, a caring society, makes individualgereensitive with possible help for

everything and all their problems. Individuals #fere lose the ability to take care of
themselves.

From Dehue’s (2008) point of view we can concluu it is possible to see the rise of the number of
depressed individuals as the result of a biologmaispective as well as a societal or cultural
perspective. With exception of the first, the otlwo reasons would probably not influence the
development and embedding of DBS for depressiopr&»sion can be seen as something natural and
objective without values. The disorder can be deduoom facts, which are identified with the use of
scientific research (Boorse 1977). Contrary toviesv point of Boorse (1977), Nordenfelt (2007) has
adopted a more subjective stance towards depreddomas articulated a normative and subjective
theory in which he defines health as the abilitygach essential goals in normal conditions. Is thi

way, a person will have to reach a certain levetelli-being and happiness.

Although objective and subjective are the two ompug, a disease can also be defined by
society’s views. There are actually different noamsl values that influence the perspective on vghat

considered as ‘normal’ and what is not. The deéinibf depression depends on the values and norms
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developed within a society/culture, what is seegaxd or bad, normal or abnormal, and desirable or
undesirable. A disease cannot be determined withosbcietal context and that makes a social
constructionist argument (Schermer 2013, p. 124-12&ermer (2013, p. 117-118) also argues that it
is important for the patient as well as for the ibian to have a ‘label’. For the patient it is ayof

recognition and accepting their disorder, and labek a way to determine the specific medical area
that constitutes a disease. This last includesatteeptance of certain treatments specific for the

disorder.

Overall, depression may possibly be considered iaodical disorder with societal
components. This can be compared to the threarstats for the increase of the number of depressive
individuals given by Dehue (2008, p. 17). Takend¢beent views on depression into consideration it
is seen as a disease which belongs to the megeatram of psychiatry. Over time, there was a
search for an explanation why specific individuatze ‘different’. People were judged differentlyedu
to the label melancholia or depression, but culyetgpression is situated within the category @fitor
diseases, a mental disorder for which we seekntiey@s. This includes that it requires diagnosing) an
treatment protocols which | discuss in the follogvsection. The changing explanations for depression
might influence the treatments developed and tisgatglity for specific treatments. The idea of DBS
for depression presumes a disorder in the braie.SEarch for brain regions involved in the disorder

might make the technology less desirable, thisssu$sed in more detail in chapter four.

2.2 Diagnosing and Treatment procedures for Depression

Three related but distinct terms are “illness”cksiess”, and “disease”. Susser (1973) proposeddo u
the term “iliness” to refer to the subjective sew$deeling unwell. It refers to someone’s personal
experience and not to the pathology of the disortiickness” refers to socially and culturally held
conceptions of health conditions influencing theyvsameone presents his symptoms (o.c.). Disease
implies a focus on the pathological processesdahatresult in symptoms (0.c.). A physician mainly
focuses on a disease as an outbreak of physicgbteym and examines or questions the illness
through the patient's experience. This explanatibthese three concepts is used in this thesis, in
which depression is considered a disease, equiviméhe view of current practices. This means that
depression has underlying pathological processggtioduce symptoms. However, depression is not
only pathological in nature. Considering the aspefct'sickness”, there is a social and cultural
influence on feelings of depression. Not only tlahplogical factors, but also the social factoes ar
taken into account to determine whether someonamdiess. When someone expresses the illness,

the physician will question the patient and comesith a diagnosis.

A treatment plan is required after diagnosing imimals who suffer from depression. | outline
the current ways to diagnose and treat depressitireifollowing paragraphs. This current perspectiv

of diagnosing and treating depression can be usedcally in the social usability part of the
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assessment in this thesis. The protocols can giwevaabout the procedures and possible reasoning.

This current perspective can also assist in theldpment of a protocol including DBS.

221 Diagnosing Depression

One in ten citizens of the Netherland’s populasaffers from a form of depression according tosstat
and this number has increased over time (Dehue)28@8ording to the International Consortium of
Psychiatric Epidemiology (ICPE) surveys in 2003g tprevalence rates for depression differ
worldwide. In the Netherlands, there is a lifetipeevalence of depression of 15.7 %-—this is
comparable to the prevalence in the United Stateshwnis 16.9 %, the highest prevalence worldwide.
In Germany the prevalence is 11.5 %, which is gusit lower than in the Netherlands. Worldwide,

Japan shows the lowest prevalence which is jus¥a.(Andrade, Caraveo-Anduaga et al. 2003).

Nowadays, there is an incidence of 700,000 citizerthe Netherlands each year (Elgersma,
Bockting et al. 2011), which equals to an incideatd.1 per 100 citizens. Although the prevalence i
Germany is a bit lower, the incidence is 5.0 ped &ilizens and the incidence in the Unites Stages i
3.0 per 100 citizens. The highest incidence is fotmNew Zeeland, with a 5.8 incidence per 100
citizens, and the lowest is in Taiwan—0.8 per 1@i@ens (Weissman, Bland et al. 1996). In terms of
distress and medical costs, over twenty yearsedsmn will be one of the main primary disorders of
concern in the Netherlands, next to cardiovasatisgases (Smit 2009). One possible reason is that
this increased emphasis will enable us to bettagradise and study depression. However, it is still

challenging to diagnose someone with depressidmfwit certainty (Terluin, van Hout et al. 2004).

DSM-V of the American Psychiatric Association (2Di8 a worldwide recognized manual
used to diagnose depression according to a spaée of rules based on occurrence of presented
symptoms. Additionally, in the Netherlands, thendt@rd suggestion is to diagnose patients according
to the DSM manual (Terluin, van Hout et al. 2004 person with symptoms of depression is expected
to visit his General Practitioner (GP) first. Thé Gvestigates whether the symptoms are possibly
caused by a depressive disorder, or whether theididl suffers from an underlying physical
disorder, or an underlying past event that hasethiim sadness or grief which can cause similar

symptoms with depression (FPG 2012).

The DSM-V manual defines depression as a stataugual dreariness and/or loss of pleasure,
which persists for at least two weeks. Besidesetie main symptoms of depression, the individual

should suffer from five or more of the followingmptoms during the same period (APA 2013):

Depressive mood almost all day, daily

Clearly reduced interest in pleasurable activiéilesost all day, daily
Unintentional weight loss or weight gain, or rediice increased appetite
Insomnia or hypersomnia almost daily

Agitation or inhibition almost daily

aOrwNE
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Fatigue or loss of energy almost daily

Feelings of worthlessness or inadequate guilt

Decreased ability to think, concentrate, or deaisim@aking

Feelings of despair, thoughts or fantasies of dajaiith or without a specific plan.

oeNo®

DSM-V also mentions that these symptoms should bwtcaused by somatic causes, such as
hypothyroidism, mourning, or drugs and they shocddise significant suffering or limitations to
function in society (APA 2013).

Van Weel-Baumgarten et al. (2012) explain the aremisnprocess and physical examination
guidelines according to the NHG-standard. The frststions the GP has to ask are whether or not an
individual has a dreary mood or depressed feeliagd,whether or not the individual expressed a loss
of interest and pleasure. This covers the two mgmptoms. If both questions are denied, then there
iS no reason to suspect depression. When one brdumstions are confirmed, the GP has to ask
whether the patient wants expert help to overcdmesé feelings or not (o.c.). The next step is the
further exploration of symptoms. The GP will thesk dhe patient for possible causes of complaints
and his feelings and examine which symptom theepaitnostly experiences, as well as the way he
handles it during the whole situation (o.c.). Diaging depression can be difficult and this is
especially true in the case of mild depression I(ilier van Hout et al. 2004). In the case of the
diagnosis or non-diagnosis of possible mild depoesthe advice by Terluin et al. (2004) is to repea

the anamnesis process one or two weeks lateryi@areéhe findings.

2.2.2 Treating the Disease

Depression is a chronic disorder, but in most cdsestment is administrated as if it is a cure
(Elgersma, Bockting et al. 2011). As described @otisn 2.1, there is a whole range of possible
underlying mechanisms involved in the outbreakto$ tisease. The pathophysiology is probably
different between patients, meaning that ‘one-fitgeall’ treatment is not a good option. Besidhs t
heterogeneity, another problem is that many tif@swing a period of treatment and recovery, 80%
of the patients will suffer from recurrent depress(Bockting 2009). After diagnosis, as described i
the previous part, different treatments could basadl. The current expectation is that DBS willetak

a spot at the very end of the treatment poss#slitthus a patient needs to undergo many other

treatments before DBS becomes an option at all.

Antidepressants or psychological treatments arenthst popular treatments, but there are
many other alternative options to treat individualgh depression. Dehue (2008, p. 15) lists some of
the options for the treatment of depression. Slitudes cognitive behavioral therapy, hypnosis,
haptonomics, acupuncture, light therapy, Electrgatsive Therapy (ECT), and Vagal Nerve
Stimulation (VNS). Kusters (2013) claims that, thmst popular method for the treatment of a

massive repression of psychiatric disorders nowsadaythe administration of antidepressants. In
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regards to depression, initially, most individuaddl be treated with antidepressant drugs (o.c.).
However, the psychiatric treatment guidelines ef Wetherlands and the health care practice, as used
in patient assessments, are not in agreement kathctaim. This is because the treatment of a Dutch

patient with a diagnosis of depression many tini@gsswith counseling.

2.2.2.1 Treatment Guidelines

In the Netherlands, guidelines for the treatmentigbression are defined by the GGZ, which is a
national organization for mental health care prexsd | elaborate on these guidelines to understand
the procedure and evalute the possibility to ad&Bthis accepted protocol. The standard procedure
is that a GP should start with a treatment plarttfiermild symptoms of depression which implies that
most of depressed patients will be initially trebby their GP (Katon and Schulberg 1992). When the
symptoms of depression persist and the patient dloesespond to regular treatment, a GP may refer

the patient to a psychiatrist.

The following guidelines are based on the GGZ'stidigiciplinary guidelines document from

2013. Before this type of treatment the patient lbeeh subject to one treatment procedures:

Depressive episodes, light, first episode whicthisrter than three months.
Depressive episodes, light, first episode whidbngier than three months or recurrent.
Depressive episodes, (mild) grave, first episode.

Depressive episodes, (mild) grave, recurrent.

PR

The first basic intervention for all groups is psgeducation. A patient will learn to recreate a
schedule for the day, which can include the adapbioa more active or healthier lifestyle. An aetiv
attitude is stimulating for the recovery of depressThe progress and depressive episodes of enpati
are actively monitored during this psychoeducatifime idea behind this as given by the NHG (van
Weel-Baumgarten, van Gelderen et al. 2012), isdbptessive symptoms are in most cases transient.

In 60% of all cases, the patient is recovered aftemonths.

Besides this basic treatment intervention, a patiesy receive other treatments afterwards,
which are based on the treatment procedure of ldssified forms of depression. The intervention
steps for the group of patients diagnosed witht ldgpression and a first episode lasting shortan th
three months, according to the GGZ guideline (20133lude bibliotherapy, self-help and self-
management (possibly combined with e-health intd@reas), active supervision, physical exercise
(such as running therapy), counseling, and/or pss@tial intervention. These first-step treatment
interventions are taken in consultation with thégrd, and evaluated after three months. When there
is little to none recovery or improvement, the @atican be subject to the next treatment procedure.
Besides the first-step interventions, the patieart choose problem solving therapy or short term
treatment. This is evaluated after a period ofaseks. When there is little to none recovery notieel,

patient can choose to receive cognitive behavitwedapy or psychodynamic therapy. After a period
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of 4 months, a second evaluation will take placeé i#rnthe patient still suffers from depression, the

psychotherapy will continue for longer or pharmaeoapy (administration of drugs) will start.

This is again evaluated after a four month peraodi the patient is expected to have recovered
completely or else he may try another treatmenthotet The choice between psychotherapy and
pharmacotherapy can be made in first stage. Tlntent evaluation takes place after four months
and may include the option to continue with the esatreatment or start a combination of
psychotherapy and pharmacotherapy, a different ddspharmacotherapy, or a more intensive
treatment procedure which may include ECT. Thesstagen for the patients in the fourth group,
recurrent (mild) grave depression, are similarhe steps of the third group. Concluding from this
extensive protocol, a patient with severe depressicubject to a long treatment process. When DBS
takes a position at the end of this protocol, pbbpafter ECT, the treatment procedure extendss Thi
might have consequences for the desirability ohsaidong process, but it is also possible that this
extra option give the patients hope for an improgtate of their depression. These issues are
discussed in the fifth and sixth chapter. | witsfidiscuss the commonly used therapeutics to @ive

comprehensive image of the current procedurestiviin positive and negative sides.

2.2.3 Pills or Talking?

Through the study of Dutch guidelines, we can aatelthat there are many different options for the
treatment of depressed individual. Pharmacotherapy psychotherapy are the main treatment
options. There are many different antidepressamjgjrbut the selective serotonin reuptake inhibitor
(SSRI) is the first choice drug prescribed by psfrists and it is widely used in many instanced an
countries (Preskorn, Ross et al. 2004, p. 244; @ar2007, p. 16). The SSRI's are designed to
modulate the synaptic cleft and increase the upbakelevant neurotransmitters to restore the nbrma
level of serotonin in the brain (Glannon 2007, 4). 1f a patient has an inadequate response to one
SSRI, some physicians ascribe another SSRI fistylogt psychiatrists prefer to switch to a drughwit

another mechanism of action to treat depressicasiern, Ross et al. 2004, p. 242).

Besides the possible positive effects of antideganets, Dehue (2008, p. 186) mentions many
side effects of these drugs like dizziness, nawsw®h throwing up, headache, abnormal dreams,
diarrhea, agitation, anxiety, emotional instabjlisyveating, tremble, palpitations, and electricc&so
in the head. Although there are many possible sifects, the continuation of antidepressant drug
therapy for depression, following the initial tnesint procedure is recommended. This continued
treatment process is basically a mean to conselithat response and lower the risk of relapse (®Jfso
Marcus et al. 2006). However, Elgersma et al. (2@tdue against the extension of pharmacotherapy,
because of the treatment adherence to drug thefidpy.is the main problem as 70-80 % of the

patients will stop in one year and 50 % in two ge#@nother problem with the prolonged treatment
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with antidepressants, is the possible debilitatidrtheir working mechanisms over time. Patients
should not rely on maintenance doses of antidepnéss but they should receive psychological

treatment instead (o.c.).

Cognitive behavioral therapy and pharmacologicardapy are considered to be equally
effective in the treatment for depression. Howeube post-therapy effectiveness of cognitive
behavior therapy is higher than pharmacotherapypatients with mild to severe depression
(Dorrepaal, van Nieuwenhuizen et al. 1998; DeRuyb8isgle et al. 2008). Psychotherapy is the
collection of a variety of treatment techniquesgluding psychodynamic therapy, interpersonal
therapy, and cognitive behavioral therapy (Goldb28d4b). When a depressed patient receives
psychotherapy, he will consult with a mental healtbfessional to work out the factors that may have
caused depression symptoms. Psychotherapy is téiazad by an interpersonal context, with all the
variables of human functioning involved in theraggeiearning (Strupp 1986). There are no profound
side effects of psychotherapy described in litemgtand the main concerns are for patients who quit
therapy. However, the number of patients with sed@pression who stop using antidepressants is

similar to the number of patients who choose to th@rapy (Evans, Hollon et al. 1992).

A combined therapy can be given as well, but &ti# possible that the treatment may not
work, and the patient still feels depressed afgatinent. In these cases, some other treatmehspti

may be considered. These options include brain tatidg and brain stimulating technologies.

2.2.4 From Electroshock Therapy towards Deep Brain Statioth

Pharmaco- and psychotherapy are the therapiesrsif dhoice in the treatment of patient with
depression, but more radical treatments are pessibén a patient does not recover. Neurostimulation
has made its entrance in the mental health catersgeer the past few decades. Nowadays, more and
more experiments are being performed and patigetbeing treated with different neurostimulating
therapies. | will discuss possible neurostimuateahnologies, accepted or not accepted in the murre
care of depression, but these technologies wille gike background for the experiments and

development of DBS for depression.

ECT is the only therapy included in the guidelimssa possible option for the treatment of
patients with depression (GGZ 2013). Although tke af electrical stimulation to modify the brain is
used since the ancient times, the first modern plamf the electroshock as therapeutic application
was documented in 1938. Cerletti initially introddcthis method of brain stimulation for the
treatment of severe psychosis (Cerletti 1940; Gurk Rutten et al. 2014). Nowadays, most people
have a negative opinion on ECT, mainly due to filiks ‘One flew over the cuckoo’s nest’. However,
ECT is considered to be among the safest and rffestiee and fast-acting treatments for depression

(Guloksuz, Rutten et al. 2014). Prior to this ckoaf therapy, the patient should note a history of
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failure to manage depression symptoms with pharthacapy and/or psychotherapy. The real
mechanism behind the action of this method is atlyeunknown, but there is some emerging
evidence that modulation of the hypothalamic-pétyitadrenal axis or disturbance in the immune
system may influence the response to this treat(oen). The treatment seems to have a fast respons
rate, but it can result in cognitive and memoryfdgstion. The short term memory system will return
a few days after the end of ECT, but retrieval ag-term memory can take approximately seven
months (Rami-Gonzalez, Bernardo et al. 2001). E&st¢ freatment response of ECT as well as the
significantly lower mortality rate compared to jatis who receive insufficient treatment or are not
treated at all is another advantage. This is duledact that insufficiently treated patients haveigh
chance to die of non-suicidal deaths, for exampleaardial infarct (Avery and Winokur, 1976). It is
suggested by Avery and Winokur (1976) that ECTrisadequate treatment, which is supported by
research findings of Prudic et al. (1990), indiogtihat 70-90% of the depressed patients have shown
a positive response to ECT therapy. However, irptiteent cases where antidepressants have failed to

respond, ECT will likely fail as well (o.c.).

Besides ECT, different techniques of neurostimatatiave started to be developed (Sironi
2011). One example of neurostimulating technolagthe Transcranial Magnetic Stimulation (TMS)
during which, a magnetic field is being produceit¢Pne, Cavinato et al. 2011). This technology
compared to ECT, has a better response rate ienpativho have failed to respond to regular
pharmacotherapy (Goldberg 2014a). The magnetid felformed through an eight-shaped magnet
used to modulate the excitability of the brain erytin order to stimulate a specific area for the
treatment of depression (Piccione, Cavinato eR@l1). The smaller and more precise the electric
current is, the more loss of consciousness anditjieer the risk of having seizure; however, the
effectiveness of TMS is lower (Goldberg 2014a).

Another possible treatment for patients with degimsis VNS. VNS refers to a variety of
techniques used to stimulate the vagal nerve (&e@gckheim et al. 2000). A small stimulator is
implanted just under the skin of the collarbonee Tipolar lead from the stimulator goes under the
skin to the vagal nerve in the neck, in order imglate the brain via electric pulses. Intermittent
stimulation of the vagal nerve can alter brain\atgtiby inhibiting neural processes (o0.c.). This
therapy is not included in the insurance and Dumddical guidelines, but the FDA of the U.S has
approved the therapy in 2005 as a possible treatomtion for treatment-resistant depression (Groves
and Brown 2005). A research performed by Rush €@00), has examined the effect of VNS in the
treatment-resistant depression. From the thirtyeptg included in the study, twelve had shown an

improvement in their mood after ten weeks of sirtiata

A new upcoming technology is optogenetics. Thesfsi optogenetic therapy had started in
2005, when it has been discovered that dozensnglescomponent proteins can be activated by

various wave lengths (Fenno, Yizhar et al. 201hese wavelengths have various ion conductance
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regulation properties which operate in neurondgigdirom milliseconds to tens of minutes enabling
configurations and opportunities for experimentsc.jo Optogenetics might be applied in the
psychiatric fields as well as in other medical dgel However, these approaches to treatment are
currently being developed with the use of animgleziments (o0.c.) and there is no clinical evideaice

the moment to support their efficiency.

2.2.4.1 Development of Deep Brain Stimulation

The technology of DBS has been under developmerthfolast decades. Sankar et al. (2014) argue
that DBS has been developed to deliver continubomikation to a problematic area in the brain with
the use of a pacemaker-like device. The basic tdobg has been designed, but there is much room
for improvement. Over 100,000 patients worldwidevéhaeceived DBS treatment for different
neurological disorders including movement, mood eognition disorders (o.c.). The development of
DBS devices focuses primarily on the two main elsef the hardware, viz. the battery and the
electrodes. Gardner (2013, p. 712) explains thedteldes have been used by clinicians since the
1930s. In those days, the clinicians use this pilynéor ablative therapy. This therapy involvesth
deliberate, precise destruction of various malfiemiig regions within the brain (o0.c.). These scai
procedures were crude, and involved broad discaimmeof frontal white matter tracts (Lipsman,
Giacobbe et al. 2015, p.96). From the 1940s andamhwneurosurgery improved rapidly with a
stereotactic apparatus in conjunction with imagiaghnologies (Gardner 2013, p. 710-712). This
apparatus created a decrease in the mortalityasseciated with neurosurgery, but the effects ef th
treatments were irreversible. Although approximateie-third to two-thirds of the patients benefitte
from these procedures, the irreversible naturdefprocedure caused discrediting and removal from
clinical practice in the 1960s (Altinay, Estemabk al. 2015, p. 345). Since then, the practice of

stereotactic functional neurosurgery has been liraried.

Altinay et al. (2015) discuss that researchersicoattheir search for a procedure that is
revisable and has a low mortality rate. Medtronaswin 1968, the first to develop a neurostimulator
device based on their earlier development of thidi@a pacemaker (Gardner 2013, p. 714-716). The
first of these neurostimulators were implantechia $pinal cord, cerebral cortex, and areas dedein
brain such as the thalamus in the 1970s. Thesealliexperiments with DBS showed positive results.
During this time, therapies for a range of condisidhat had responded to ablative therapy before,
including severe depression incorporate these s@nmglators (0.c.). The material qualities, such as
size, biocompatibility, and ability to deliver pree electrical stimulation, are developed to make i
possible to adopt and used in health care. Howgweahlems were not unusual; for example,
complications caused by the implantation or the grogource could fail. The use of lithium batteries
and the development of new neurostimulator leadedan the design of endocardical leads made it
possible to overcome some of these obstacles in986s by (o0.c.). As Blume (2010, p. 34) argues,

the diffusion of the neurostimulator was linkedhe success of the cardiac pacemaker.
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Altinay et al. (2015) argue that the
primary advantage of DBS over brain
surgery is that there is no need to destroy
parts of the brain, due to the ability to start
and stop stimulation when desired. When the
stimulation stops, the effect stops and the
stimulated brain region remains intact,
making DBS a reversible treatment (o.c.). In
the 1990s high frequency electrical DBS was

Figure 1. Deep Brain Stimullation. The left picture is being used worldwide. During that time,
schematically represented impulse genargtd), extension wil ] ] )
(B), and electrode (C) in the subcortical regiontioé brain. Th DBS therapy was an option for patients with
right picture is an X-ray image after implantatiofiGeorge . . .
Higgins et al neurological movement disorders, epilepsy,
chronic pain conditions, and headache
disorders (o.c.). Amongst others, Benabid (200&ynKand Kumar (2007), and Gardner (2013) state
that this technology can be beneficial for othegets and disorders. | will discuss several expeniis

with DBS for depression in chapter four.

A currently experimental goal is the treatment epikssion with DBS (Piasecki and Jefferson
2004; Galvez, Keser et al. 2015). Findings by Ridsand Jefferson (2004) that DBS introduces
complications such as depression and deficits @h gkills, were linked with the stimulation of the
subthalamic nucleus. On the contrary, stimulationther regions of the brain such as the subcallosa
cingulate gyrus can reduce symptoms of depressiozafio, Mayberg et al. 2008). To understand all
these findings better, a broader evaluation oftdtinology is necessary.

According to George et al. (2000), DBS is the marsttomically discrete and most invasive
method to stimulate the deep structures of thenbrss Figure 1 shows, the DBS device consists of
three different parts: the impulse generator, tkteresion, and the electrodes (George, Higgins.et al
2011, p. 318). A thin electrode is inserted digettto the target region of the brain. Electricairents
are transported to various depths in the brainoregnd these currents can be adjusted externally to
optimize the desired effect (0.c.; George, Sackretial. 2000). MRI scan can help locating the negio
for implantation and the more precisely the locai®defined, the better the results. As Schuuretan
al. (2014) explain, two holes are drilled in thailskhrough which the electrodes can be implanted.
The wire extensions of the electrodes run throbghnieck and attach to the impulse generator, which
is a battery operated device mostly placed undénde clavicle (George, Higgins et al. 2011, p.
318). The placement of electrodes is tested duhagperation, which means that the patient needs t

be awake during the procedure.

The settings for the stimulation have to be prognaah after the operation. This is a trial and
error phase to test different settings and detexntive desired settings as well as minimize any

-26 -



Assessing the Plausibility of the Expectations AHOBS for Depression CM van Leersum

negative side effects (Schlaepfer and Lieb 2005nkend Kumar 2007). Physicians can mold the
stimulation and thereby its effect, by stimulatsimghtly different parts of the brain. The effebizve

to be evaluated by considering the actual effecthenpatient (George, Higgins et al. 2011, p. 319).
Physicians cannot only choose which electrode entiit the electrical current, but they can also
change other parameters for a different effecfioieexample the voltage, pulse width, frequencyl an
duty cycle (o.c.). The frequency in this case segnp®rtant, as a low frequency seemed to have no
beneficial effect at all (o.c., p. 319-320). Theimal setting for the treatment of depression it ist

an experimental phase and can differ from pategatient (Galvez, Keser et al. 2015). | discuss th

search for the optimal stimulation settings furtimechapter five.

Besides this ability to make the treatment perspedland specific for each patient, there are
also other additional advantages of the DBS metAtitiough it is invasive, the reversibility of DBS
gives it a comparative advantage over other brargesy treatments. Symptoms immediately remit
when a surgeon stops the electric current or mtveslectrode towards another position (Bejjani,
Damier et al. 1999; Schlaepfer and Lieb 2005). Breenoval of the thin wire, leaves the brain largely
unchanged-unlike the process of resection (Gedfiggjins et al. 2011, p. 318). Lozano et al (2008)
argue that DBS is relatively safe because therenarserious adverse effects and no history of
permanent deficits. According to their findingse throcedure was tolerated well by the patients who
tried it with sustainable benefits being noted me o/ear. This study has shown the effects in the
experimental phase of this therapy, but any lomgiteffects of using DBS for the treatment of
depression are currently unknown (Galvez, KesealeR015). Long-term effects in patients with
Parkinson’s Disease for example, have been imastigand have shown subtle findings. Mild gliosis
can be found around the electrode and moderatelasal at the tip of the electrode. These local
changes though, are not reversible (George, Higgjired. 2011, p. 322), and possibly similar in the

treatment of patients with depression.

This description of DBS is just a general introducton the technology with its main
elements. More details about the experiments aolkntdogical possibilities for the treatment of
depression are discussed in chapter four. Thatehapnsiders the technological feasibility, inchgl
possible developments of the hardware and impiantaChapter five will continue with the various
hypothesis for research and the embedding of thent#ogy, including the phase of changing

stimulation settings.

The different neurostimulating therapies mentioimethe previous parts of this section, are shown in
Table 1 (George, Sackheim et al. 2000). A comparibetween regional specificity, clinical
applicability, and invasiveness is also being madlecurrent difference with this table is that the

clinical applicability of DBS is now approved fdne treatment of refractory Obsessive Compulsive
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Table 1. Current and potential interventions for tiheatment of depression. Comparison based on negiepecificity,
clinical applicability, and invasiveness (Georgeckheim et al. 2000).

Somatic intervention Regionally specific? Clinically applicable? Invasive?

Electroconvulsive therapy ++ (++4++ if induced + 44+ + + (anesthesia.
by magnets generalized seizure)

Transcranial electrical + ++ ~+ (scalp irritation)

stimulation

Transcranial magnetic B i o e +++ (clinical trials + (painful at high

stimulation underway) intensities)

Vagal nerve stimulation ++ (discrete brainstem ++-+ (on the market for +++ (surgery for
nuclei initially, epilepsy, clinical trials generator implant)
unclear if different in depression [see
parameters Rush et al 2000])

selectively involve
other brain regions)
Deep brain stimulation ++++ +++ (approved in the ++++ (brain surgery)

United States for
treatment in movement
disorders. pain
syndromes; no work in
depression yet)

+, a little; ++++, a lot.

Disorder patients as well (van Westen, Rietveldle015), and that VNS is approved by the FDA as
treatment for depression (Groves and Brown 2006jngared to ECT, TMS and DBS are regionally
specific which is useful for overcoming possibléesieffects. TMS and DBS are both (possibly)
clinically applicable, but DBS is far more invasiv&t the moment, both technologies are
experimental for depression which makes it diffidal compare clinical findings. The advantage of
DBS for depression is that specific stimulatiordaeper regions of the brain is possible. As LeDoux
(2003) argues, this is beneficial because of thepele site of the emotionally important area—the

forebrain of the limbic system.

2.3 Concluding
This chapter has shown that the concept and cormapsén of depression has changed over time. The
historical perspectives examined, portray the dispoas something that has been already presest sinc
ancient times. At first, melancholic people werersas different, but over time other explanations
(mainly physical) have been sought out. Within search for physical root caused, depression was
later defined as a disease, a mental disorder.eBsjon is embedded in the current health carerayste
for which there are guidelines to diagnose and ttea disease. The diagnosis can be made with the
help of different categories, of which DSM is mgsaiked worldwide. For the treatment of depression,
different countries have different treatment protecin the Netherlands for example, the treatment
will start with basic interventions such as sellghend physical exercise regimes. If these treatsnen
do not prove out to be beneficial, a physician nsultation with the patient may choose
pharmacotherapy and/or psychotherapy. The treatpr@cedure is strict according to protocol and

‘new’ technologies need to become accepted and @aeldein the protocol before use. However, new
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technologies are under development and seem réeldoirehe treatment of patients who otherwise do

not recover.

The use of neurostimulation is experimentally atbdwbut only ECT is included in the current
protocol. ECT is the last possible option for theatment of patients with depression, which implies
that patients who do not recover after ECT, mayhaoe any other alternative treatment options. This
leads to the research for other treatment optiool as other neurostimulating technologies. Thexe a
studies concerning different neurostimulating tedbgies used to treat treatment-resistant depmessio
but these are still in an experimental stage ane hat been officially approved for treatment cdesi
experimental settings. One such high-tech treatnseBBS, which is still labeled as ‘experimental’.
DARPA sees a future in the development of thisnietdgy as treatment for depression and possibly
as preventive treatment for military personnelsgite of other clinically applicable neurostimuhegi
technologies, DBS seems to have advantage forrtegditof depression due to the direct stimulation

of deep brain regions.
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3.Assessing the Plausibility of Expectations

DBS have been used in several experiments to iga¢stthe treatment possibilities for patients with
treatment-resistant depression. These experimergsltrin possible expectations implying the
desirability of such a high-tech treatment. | dscwhether the promises and expectations require
further evaluation, and why | will discuss the danility of these expectations. A theoretical
framework for evaluating the expectations of newd amerging technologies is developed by
Lucivero et al. (2011). This assessment is intredumn the first chapter, but | elucidate on that,
because it is performed as part of this thesigart svith a discussion concerning new and emerging
technologies and how we can evaluate these tedafieslon the first two sections of this chapter.
Although there are many different possible assestané choose to perform an assessment on the
plausibility of expectations, as proposed by Lumvet al. (2011). This assessment will help to
distinguish between plausible and implausible etqiEems to assess the desirability of DBS for

depression. The approach is discussed in the glantdof this chapter.

3.1  New and Emerging Technologies
DBS is a current accepted technology for sevewrditations, but it seems that these indications will
extent. For example the use of DBS for depressanpossible new and emerging technology. | start
with this discussion with a background for the pass difficulties during development and
embedding of new and emerging technologies. As B{2912) defines, new and emerging
technologies are still under development or atstage of experiments. Technological development
and social uptake of technologies is differentdach technology. On one hand, some technologies
belong on an early stage of development and arédar being introduced into society because its
benefits and issues are not visible in practice.YoFor example, optogenetics is a possible treatm
for patients with depression, but all ideas aretékcal and not based on real practical experic@oe
the other hand, some technologies have already im@duced in practice, making it possible to
analyze and evaluate the benefits and ethical $ssoeerging from their use. However, the practice
with additional benefits and risks in one case banvery different from another case (o.c.). For
example, in the case of new treatment possibilfgs DBS, rising issues with a treatment for
Parkinson’s Disease probably differ from issuesrging from the treatment of depression. Overall,
considering both new technologies and new practittess benefits and concerns are not clear in

practice, making their evaluation difficult.

To increase awareness and caution, Davis (201ajettea growing list of new and emerging
technologies launched. This list contains the teldgies that might lead to national or internationa
implications. An important advantage is knowing e¥hiof these technologies or innovations need

evaluation and further adjustments in the futufge Thallenges introduced by emerging technologies

-30-



Assessing the Plausibility of the Expectations AHOBS for Depression CM van Leersum

can occur in different components of technologioabvation. Brain implants constitute a part of the
list of new and emerging technologies. The undegynechanisms of DBS exist, but the application
process may vary when using a certain technologfdifferent group of patients. For example, a
group of patients with psychiatric disorders armppereated with DBS to suppress certain feelings o
thoughts, whereas in patients with Parkinson’s &seDBS may be used to suppress tremor

symptoms.

3.2 Assessing New and Emerging Technologies
To investigate the expectations about DBS for degiod, | used an assessment for new and emerging
technologies. There are many different approaclostlie assessment of new and emerging
technologies. Before | elaborate on the method @rsethis thesis, some other methods are initially
discussed. These other methods form a larger picair (ethical) assessment and provide an
opportunity to compare with the method used in tesearch. Jakeman et al. (2006) claim that the
steps that have to be taken for the developmeattethnology, vary slightly from case to case, but
every stage should be subject to critical analgsiall benefits and concerns. There is, for example
difference between the introduction of new medarafor the same patient group and the introduction
of a new technological treatment. In the first céerisks, benefits, and costs have to be analymed
a path leading to practice must be apparent alréafith the introduction of a new technology, the

risks, benefits, costs as well as the possible dnibg of the new technology should be analyzed.

Banta (2009) defines Technology Assessment (TA)‘aadorm of policy research that
examines short and long-term consequences of flecaton of technology” (o.c., p. 7). The goal is
to provide policymakers information on alternatigagined from assessments. TA is an extremely
broad field with multiple activities assessing teehnology as well as the diffusion of the techggl|o
its acceptance, and its role within society (o.tiealth Technology Assessment (HTA) is an
assessment method to evaluate emerging technologfieis the medical domain. Banta and Perry
(1997) explain that the idea behind HTA, is to eggathe evaluation process and investigate the
clinical consequences as well as the economicakami ethical implications of the new technology.
HTA is usually performed to analyze all the conssmes of emerging medical technologies, but the
main focus is on cost-benefit, which analyzes th@nge in benefit compared to the change in costs
(Goodman 2004, p. V-2). Ten Have (2004), conclutteg there is a clear gap between ethical
considerations and TA. Ethical evaluations cannitefy contribute to the analysis, and for this
purpose we need to go beyond the technologicaldwark and investigate any moral issues emerging

from the use of this technology (o.c.).

To overcome this lack of ethical considerations edded in the approach, there are different
TAs that attempt to take ethical aspects into actdtthical problems introduced by the rise of & ne

technology tend to be unknown, even with the usd Aftools. An approach with the purpose to
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demonstrate early indicators of negative ethicablications is necessary according to Palm and
Hansson (2006). In this context, they propose ahatktbased on an ethical check-list. Ethical
Technology Assessment (eTA) proposes nine impogemips that should be considered during the

research and design, and the implementation ofteefmnologies (o.c., p. 543-544; 551-555).

Dissemination and use of information
Control, influence, and power

Impact on social contact patterns
Privacy

Sustainability

Human reproduction

Gender, minorities, and justice
International relations

Impact on human values

CoNoogkrwNE

These items are possibly also important for thdluewimn of DBS, but the problem is that new
technologies may lead to unidentified ethical isswehich can cause problems to the full integration
into society. Questions such as “How should wethsetechnology?” may arise and become part of
the (ethical) discussion procedures (o.c., p. %48-5The idea is that these ethical issues haveeto
examined and dealt with from an early stage, likeeikample during or before the planning/designing
process. When this is followed, the differencesvieen social values and technological potential may
become less contradictory (0.c. p. 548). The proldé uncertainties, as introduced in chapter 1sdoe
not seem to be solved with this method. It giveisiglines for ethical analysis, but ideas aboutritu

states of the technology are still uncertain ammbably speculative.

There is the problem of uncertainty and taken fanted expectations, but how could we deal
with this? As Brey (2012, p. 2) argues, “emergiaghhology is technology in the making”, which
means that many aspects of the nature and consaxpueha technology are under discussion, and the
ethical issues emerging cannot be clearly identifigrey (2012) suggests two different approaches to
deal with this uncertainty. First, the ethicistsvéato be aware of the uncertainty and restrict
themselves. The analysis should be based on th#iegiaf the technology that are likely to mantfes
themselves in all aspects of its use. Secondlycisth should rely on existing predictive studits,
study the possible ethical implications of a tedbgp and its social consequences (o.c. p. 2-3).
However, both approaches seem inconvenient fora#sessment of the expectations of DBS for
depression. The first approach for example, is limited. When an ethicist only focuses on the
general qualities of the technology, many spedifiplications might be ignored. The ethicist may
limit himself to a known set of technological pdskiies that seem applicable. This can become
challenging with the use of DBS for depressiongoese the disorder and the brain are no similatly se
in all cases. It is possible that the technology tmave the same performance in all cases, butiliis
not lead to similar results with all different ajgaltions for different diseases. Regarding the se&co

approach, knowledge can be acquired from the pedbce of DBS in patients with Parkinson’s
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Disease and be later used in forecasting studigslbthis knowledge and the results of the tresatm

should be based on the implantation in a diffeeeat of the brain with a different intended result.

The different TAs and proposed solutions to overeamcertainty surrounding this area can
support the discussions concerning ethical issesiew and emerging technologies. A main
consequence of assessments based on speculatisaatertain technology, is that researchers may
discuss these ethical implications or promisestiier future more forcefully. This may cause bias
towards the overall perspective of a technologyeurdkvelopment, including all of its promises and
concerns. As already discussed in the introductidardmann and Rip (2009) call for fewer
speculations, because there seems to an excepsaflaive ethics based on hypothetical scenarios
for the future, with no real or tangible evidente.overcome this possible problem and deal with the
uncertain areas of DBS for depression, | will aralthe plausibility of the expectations, with trszu
of an assessment developed by Lucivero et al. (2ablinvestigate how we could assess the

desirability, and which issues we should take atocount.

3.3 Assessing Plausible and Implausible Expectations

Ljungblad et al. (2011) discuss that researchehlscantribute to ethical discussions which lead to
ethical speculations on possible issues of thentolyy in the future. Speculations and the ethics o
speculations have already been noted in 1902 wlyan BRefined ethical speculations as “transactions
that are made for the sole purpose of getting ditprRyan 1902, p. 335). He has regarded
speculations as a widespread evil for society, kvis@an sometimes be deceiving (0.c.). Speculations
can be based on expectations of a new and emesrghgology. As mentioned already, according to
the Merriam-Webster dictionary, an expectatioriis‘a belief that something will happen or is likel

to happen” and (2) a “feeling or belief about haweeessful, good, etc., someone or something will
be.” The above definition shows that an expectationsists of different parts i.e. a predictive and
more factual aspect and a normative element. Tivas@arts will be reconsidered on the assessment

method used in this thesis.

I will evaluate the plausibility of the expectatiorabout DBS for depression, because
expectations based on speculations of a new andgameechnology can often lead to speculative
ethical aspects. Questions like “Which challengexhnology really needs our attention?” or “Should
we discuss possible actions and dilemmas that meajated with a new technology?” should be
answered in an effort to analyze the plausibilifyao expectation before further discussion. This
analysis can be used support the control of spielethics. As already described in the introdurgti
anticipatory ethics and the excessive attentiorettucal aspects can result in highly speculative
scenarios (Nordmann 2007). Speculative ethics masei a call for action regardless of how plausible

an expectation really is.
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3.3.1 Methodology of the Assessment

Nordmann and Rip (2009), argue that developmenitt agll for a reflection on different ethical
implications. Swierstra and Rip (2007), argue tvhen a prediction is too much speculative it can
affect the further development of the technologheéw new and emerging technologies are still under
development, it means that it is possible not dolydiscuss the desirability and feasibility of an
innovation, but influence their development as Welt.). Lucivero et al. (2011) develop one possibl
assessment to ‘test’ the plausibility of expectaioThe assessment of the plausibility of these
expectations introduced with the research and dpwent of new and emerging technologies requires
skepticism and logical evaluation (o0.c.). This asseent focuses on three different parts which are
inherent in the nature of an expectation; techrnodgeasibility, social usability, and desirakylit
Taken the definition of expectation, the above @éhparts are already present there. The definition
consists of two parts, but technological feasiiind social usability stems from the predictivet pa
and the desirability stems from the normative pHnis chapter will continue with a description bét
focus of each step and the next three chaptersnellide an evaluation of the different steps used

the assessment of the plausibility of expectatairi3BS for patients with depression.

3.3.1.1 Technological Feasibility

There are many different reasons why we shouldrost most scientists, or more specifically why we
should not trust all published literature by theseentists. In many cases, existing literature sesu
only on the positive outcomes. As King et al. (204adgue, the scientific field might cause hype and
there are possible underlying interests for coridga study .e.g. to gain funds for research. Fifwen
study of history of such methods, it is appareat thany expectations have never been materialized
and they have been made mainly to gain financgdagech support (0.c.). The target audience isya ver
influential factor, and the arguments the sciemtigtise seem to be convincing for this specific
audience group. To overcome this problem, Brey Z2@&liggests that the engineers of a new and
emerging technology are the ones that should infethicists about the possible risks of this
technology. This is possible by performing reseamstthe laboratory floor as Lucivero et al. (2011)
suggest. It seems that whenever scientists overatsgtitheir predictions, ethicists tend to overestém
the ethical issues surrounding these predictiomsaralysis of these expectations is necessaryadue t
the fact that ethicists are considered less gedlifo evaluate any technological predictions (Reach
2008). An ethicist will likely come across theselgems and uncertainties rose by the scientifid fie
and should investigate each expectation for itagaality. | will investigate the expectations aftére

developments with DBS in the fourth chapter of thissis.

Lucivero et al. (2011) argue that an ethicist capla@e the expectations in their familiar
context which is less tainted by strategic consitiens compared to proposals raised for gaining
research funds or published literature with majpgitive results. The ethicist here needs to become

more aware of the current development and the ilifitys of the expectations (o.c.). | have used
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literature and information from the interviews tesass the plausibility of the expectations aboait th
technology. The ethicist needs to use acquiredrnmdtion to determine whether or not the
expectations need reconsideration. Prospectivghtsican be used to analyze the use outside
experiments (o.c.). However, an expectation isamy about the technological feasibility and thus,

ethics should not only focus on the technicalitirg,also on the conditions regarding use and need.

3.3.1.2 Social Usability

Different designs and applications of the samerteldgy might pose different ethical implications
and affect society and imagined users differemMigrdmann (2007) argues that the evaluation of the
effect a new technology may possibly have on thaesg might lead to scenarios which could
undermine further research. The need for evaluatidghe technological possibilities goes back ® th
previous component (technological feasibility), bluére is an emerging need to study the expected
use and performance in societal practices as Wetlsuppositions are used within the evaluation of
this step, based on the way society operates @&npr#ctices in which a specific technology probably
becomes embedded (Lucivero, Swierstra et al. 20Rdfure implications identified for a certain
technology can differ from the implications relatedts actual use. These implications relatechéo t
actual use of the technology, may shed furthert laghthe existing practices of people in everyday
life. As suggested by Lucivero et al. (2011), weedhé¢o evaluate imagined embedding scenarios.
Assumptions should be made regarding the intendetstand we need to address multiple questions
to determine their involvement during the embedginocess of a new and emerging technology. We
basically want to uncover the fictive script of @merging technology. This can be done by exploring

the current and envisioned context of an applicatip all different actors (o.c.).

A broad description can be made, which points ¢éostcial conditions that are implicit in the
expectations and helps to envision the new teclgyoldthin the social context (o.c.). | describe a
description of the current care of patients withréasion and a possible script of DBS for depressio
in the fifth chapter, based on the current expenialesettings and information obtained during the
interviews. These broad descriptions can be useaitasl to envision the expectations of emerging
technologies in society. Furthermore, these scemateémonstrate the possible envisioned use of the
technology, broaden understanding and define theastors should adapt to a hew device (0.c). To
assess the plausibility of the conditions, it iefukto collect information about the knowledge and

experience of the intended users of the technology.

Lucivero et al. (2011) argue that it is possibl@iscuss whether or not there is a need to adapt
to an emerging technology based on this user aeaBssides this, it is possible to contributehe t
expectations and prevent certain uses or encoumageuses of the technology in another case. The
assessment of social usability might contributesteeal all of the bottlenecks between developeds an
user visions as well as to show perspectives airaend possible new envisioned use of a technology

(o.c.). When an assessment of a new technology @apalication takes place in an early stage of
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research and development, the design and the irepkation of the technology can be evaluated

better and adjusted towards more desirable situgtio

3.3.1.3 Desirability

Lucivero et al. (2011) argue that the focus in tag dimension is solely on the normative evarati

of the impact of a new technology. The claims chtelogical benefits often come with certain values
and moral aspects, which are implied in an expiectatVhether or not an expectation can be accepted
as plausible depends on the morality of differectos (0.c.). The main focus in this part of the
research is to question whether the morality ingplie an expectation is accepted as plausible,
according to the morality of different actors. Tihenefits of the technology at stake are presented
within the expectations (o.c.). These expected fiitsneonvey certain values which are not clearly
shared or understood by all. When studying peopéeneed to categorize them into different user
groups to evaluate their values. Lucivero et &1(@) argue that this diversity may be a good thing,
because it can show the level of controversy emidd the development and use of a new
technology. The envisioned ideas by users and aitters are taken into account, leading to possible

discussions which compare the multiple views obfjqo.c.).

The controversies in desirability can be examingdhe use of moral argumentation from
earlier debates on emerging technologies. Thesateelzan show us a way in which the debates
might emerge so we can control them (o.c.). Althowg can use existing debates, it is also important
to remember that practices may evolve in unexpegtad after their introduction. People are not very
good at judging the probability of an expectation sherefore it is unwise to demand development in
a social desired direction (Roache 2008). As Nordm@007) argues, ethics make it possible to
perceive and evaluate the world and technologyoazething that is not entirely a fictitious future
development. We tend to find it hard to imagineselwres as someone else or entirely changed. If we
cannot imagine ourselves changing, can we imaghenging our values? We probably cannot

imagine changes that go beyond the existing capabibf technologies (o.c.).

Lucivero et al. (2011) discuss that it is diffiuiiut we should explore the unexpected paths.
These paths will broaden the vision of scientistsl &ntended users about future technological
practices. There is a bounded change between tegynsociety, and morality. When one changes,
there is likely a change noted in the other, whiltalled techno-moral change by Lucivero et al.
(2011). This techno-moral change should be expettechuse it is not an exceptional event—it is a
duty for the ethicist to make the actors awarerepected moral changes due to the creative role of
new technologies (0.c.). With the use of the com@nsive descriptions as mentioned in the previous
part, we can make actors aware of intended desirédyl undesirable) impacts on society or an
individual (o.c.). The descriptions can give usuidgline to start analyzing the more subtle impacts
such as people’s daily life, practical routines, responsibility, and investigating changes in

unexpected ways to evaluate whether or not the lityonaplied in an expectation is plausible. In the
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sixth chapter | will analyze several ethical imptions discussed during the interviews. Howeve, th
values as expressed by the different intervieweedaken for granted, this thesis does not consider

changing morality.

3.4  Applying the Assessment in this Research
The assessment described previously will focusheneixpectations raised by technological research,
design, and development e.g. those presented tabhein Appendix A. The question now is ‘Why is
this assessment of the plausibility of expectatisseful in the case of DBS for depression?’ As show
in the introduction, the new application of DBS as$reatment for depression is considered to be a
beneficial technique. There are mainly positiveestations and arguments spread in the scientific an
public domain about the outcome of research on BBSlepression. There are ethical implications
discussed as well, but these mainly concern DB§eimeral and less DBS specific for depression.
DARPA has seized the opportunity to invest in teishnology not only for the development of a new
treatment for soldiers suffering from Post-Traum&iress Syndrome, anxiety, and/or depression, but
also as a possible enhancement tool, and a tedicaloool useful for gaining more knowledge about
the human brain. | assume that the suggestion &R to use the technique as a method to forestall
possible mental disorders during or after militagyvice, is too premature. As will be discussetha
next chapter, the possible implications includiigks as well as benefits are under investigatiah an
currently uncertain. This is already an issue WiBS as a treatment, but might be influential fag th
discussion about enhancement as well. The ethigplidation of enhancement is discussed in the

sixth chapter.

The scientists as well as media depict DBS as w@tisnl for treatment-resistant depression.
Apart from the fact that it is not even possiblectwe depression, the expectations are based gn ver
small scale studies. The use of DBS within the bsydc domain is received as something positive,
but there is less certainty about the outcome,empecially when it comes to the long-term resuits o
this treatment. Considering the positive messaD&S seems a beneficial technology, but are its
expectations plausible? To answer this questioselthe assessment as developed by Lucivero et al.
(2011). This research can therefore help to evaltrs plausibility of DBS for depression by taking
the near mundane issues into account. The reseamérformed as described in the materials and
method section of the introduction. The literatasewell as the empirical part will help to illugga
controversies and identify plausible and implawsiekpectations. The assessment of plausibility is
used to determine how we could assess the degyadfiDBS for depression, by identifying the most

pressing ethical issues.
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4.Technological Feasibility

An ethicist should be aware of influential spedolas, and unrealistic expectations, of new and
emerging technologies. | have used an assessmesmalgze the plausibility of expectations, as
developed by Lucivero et al. (2011). They claim, expectation consists of three dimensions;
technological feasibility, social usability, andsttability. To evaluate the technological feastlili
this first part of the assessment, is to investighe experiments in the scientific field and tphecific
technology involved. An ethicist should explore tb&pectations in their familiar context of
development; in the case of DBS, the familiar ceii® the laboratory floor and/or the hospital ward
This exploration might be less tainted by strategpoisiderations to gain research funds (o.c.). |
compare the current technologies and the expeetatbout the technology and the development as

discussed in literature with the expectations dised by experts during the interviews | performed.

| interviewed different actors, such as the engmeand researchers involved in the
development and clinical trials, as well as medpmbkonnel, to evaluate the expectations. The aoal
this chapter is to evaluate the plausibility of teehnology as well as the expected developments of
DBS. After the general introduction to DBS in cleptwo, this chapter continues with the current
research performed on DBS for depression. Aftes, thiliscuss two aspects of the hardware in depth,
namely, the electrodes and the battery, and shewdigtussion of all hypotheses and experiments
concerning different brain regions for implantatemd stimulation. | use the analysis of literatanel

interviews to conclude with the plausibility of tegpectations of DBS for depression.

4.1 Research to Extend the Indications for DBS
Several experiments used DBS to treat depressientbe last ten years or so. One was by Jimenez et
al (2005), who performed a study with one patighiey concluded that “The effect of surgery on the
patient’s clinical symptoms and signs of depressi@s dramatic and occurred after insertion of
electrodes” Jimenez et al. (2005) say that theisgmted results are promising for electric stinutat
of the inferior thalamic peduncle (ITP) to treapdession. However, results based on one patieht wit
unipolar major depression could be too optimiskitese experiments and the acceptance of DBS for
Obsessive Compulsive Disorder brought the branateafosurgery back into the psychiatric domain.
This reintroduction was discussed during the ingevwith Physician 3, who said, “We have to do
something for the patients who do not respond toadher treatment.” DBS could give an additional
treatment option for severely depressed patientge@tly, DBS is in the experimental phase and only
performed on treatment-resistant depressed pati@atsez et al. (2015, p. 60) argue that despee th
countless advances in the treatment of depresseatment-resistance is a main problem. ECT is not

efficacious for all patients with treatment-resigtalepression. ECT shows to be efficacious in the
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acute treatment settings or as a maintenance wagtrbut not beneficial for all patients with
depression (Rabheru 2012).

This section is a review of the current literatofeghe experiments with DBS for depression,
based on a review by Galvez et al. (2015). Theyeliagluded ten different papers of experiments
with DBS for depression, performed by differente@h groups. Their review includes most of the
experiments published between 2005 and 2014, a®e lit as a sufficient overview of the current
experimental state of DBS as a treatment for deesl highlight some of the general claims made
in papers, discuss why we should be careful, atdlinectly accept these statements. Table 2 shows
ten studies, as compared by Galvez et al (201%.0Merall response rate is 29-100%, but the table
shows that additional aspects need to be takerastount besides response rate when interpreting th
results. The aspects that differ between the studre the brain region, the number of patients
included, the follow-up period, and the responde.r& discuss these four aspects in this section

following Table 2 and end with an overall conclusio

A broader understanding of the disorder and theetiyidg pathophysiology is necessary for the
investigation on the brain region(s) involved inpdession. Different research groups investigate
different brain regions (see Table 2), becauseeti®little to no understanding of the brain re¢&n
involved in treatment-resistant depression. Thesipdiy of using DBS at different target sites
resulted in more and more interest in this techoyold will discuss different hypotheses for the icko

of brain region and the experiments in sectionod #his chapter.

The number of patients included in the differentdfs is low, ranging from 1 to 21 patients with
treatment-resistant depression. Patient selectidfiifficult because there are multiple inclusiord an

exclusion criteria; however, there is also no unigodwus definition for treatment-resistant

Table 2. Clinical studies with DBS in treatment-resi$ depression. Different research groups inved#d different brain
regions. Each study had included ‘n’ patients wittatment-resistant depression. SCG: Subcallosalutaigd cortex, ITP:
Inferior thalamic peduncle, VC/VS: Ventral capsudeftval striatum, ALIC: Anterior limb of the internaapsule, NAcc:
Nucleus accumbens, LHb-c: Lateral habenular commex, SIMFB: Superolateral medial forebrain bund@afvez, Keser
et al. 2015, p. 62).

Author Brain region n Follow-up (months) Response (%)
Mayberg et al. (2005) SCG 6 6 60
Jimenez et al. (2005) ITP 1 24 100
Lozano et al. (2008) SCG 20 12 60
Malone et al. (2009) VC/VS (ALIC) 17 14-67 71
Bewernick et al. (2012) NAcc 10 48 45
Sartorius et al. (2010) LHb-c 2 12 100
Holtzheimer et al. (2012) SCG 12 24 92
Lozano et al. (2012) SCG 21 12 29
Schlaepfer et al. (2013) sIMFB 7 3-8 86
George et al. (2014) LHB-c 2 ? 100
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depression. It is possible to define treatmentstast as an inadequate clinical response to
antidepressants administered at an effective dwsa $ufficient duration, psychotherapy, ECT, oy an
known treatment combination (Rabheru 2012). Diffieresearch groups have different inclusion and
exclusion criteria to define the treatment-resistaatient population. This patient selection asp®ct
discussed further in chapter five. Using this datBorm conclusions is difficult due to the low nber

of patients included. For example, a response 0%l based on a study with one or two patients could

be coincidence (Jimenez, Velasco 2005; Sartoriienidg 2010; George, Schlaepfer 2014).

A follow-up is necessary in order to investigate tong-term effects of the DBS treatment
(Galvez, Keser et al. 2015). The duration of folop is very different between the studies. The
duration not only differs, but is also short in mstudies. Only two studies have a follow-up pemdd
more than two years. There is a follow-up study Ksnnedy et al. (2011) based on a patient
population included in research of DBS for dep@sdbetween 2003 and 2006 by the group of
Mayberg. They observed 20 patients for one, tweeethand approximately six years after treatment.
This follow-up study did not include DBS implantais, it is therefore probably not included in the

review of Galvez et al. (2015).

To analyze the improvement, Kennedy et al. (20EE) the Hamilton depression rating scale
(HAM-D). This scale is commonly used in researctetaluate the depressive state of patients, and
thereby the response to the treatment. HAM-D design complete after a clinical interview, but also
possible to use to evaluate the depression. kbgsiple to compare the baseline before treatmeht wi
the score at several points in time during or afteatment. Figure 2 shows the HAM-D scores at
several points in time after DBS. The follow-updstiby Kennedy et al. (2011) suggest that there are
short and long-term benefits associated with DB8eatment-resistant depression; the response rates
after one, two, three, and approximately six yeeese 62.5%, 46.2%, 75%, and 64.3%, respectively

(see Figure 2). These results suggest that DB®edeneficial and effective on a long-term basis.

30 Most of the acute adverse effects
55 SRR caused by the stimulation are mild and
" ® Intent-to-treat . . .
5 20 reversible when the stimulation stops, or
L
v
o 15 when parameters change (Galvez, Keser
s
< 10 % et al, p. 66). Table 3 shows the
5 prevalence of the adverse effects
0 documented in newly implanted DBS
Baseline 1 2 3 Last
Follow-Up  patients with neuropsychiatric disorders.
Years After Surgery Visit

Figure 2. Hamilton Depression Rating Scale (HAD)- scores fc Galvez et al. (2015) state that further
patients with treatme-resistant depression (N=20) at baseline, 1, research on short and long-term
and approximately years after surgery. Error bars indicate stanc

error of the means (Kennedy, Giacobbe et al. 2011). stimulation of different brain regions is
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necessary for the acceptance and incorporationB& Bs a treatment for depression. They conclude
that we should approach DBS for treatment-resisti@pression as a treatment in the experimental
phase (for now). Research should be expanded angjed patient populations and include follow-up
research. Such research could provide a betterrstadeling of the brain regions involved with
depression and developments required to make #anient more specific. However, there is a
minimal understanding of the brain, the pathopHggip, neuroanatomy, electrophysiology, and
neural activity, and the actual effects and sidectfof DBS (0.c.). An increased understanding rnigh

adjust the treatment, possibly making it patiemicsc.

In scientific literature there is much emphasisios positive outcomes of DBS for treatment-
resistant depression. During the interviews, mastra have a positive view as well. Physician 2
argues that “We will propose this treatment as amab treatment for patients with depression when
we have acquired more knowledge about the pogsbili Current literature primarily focuses on the
outcome of the research, and less on the deviek. ithe hardware will have an influence on the
stimulation and the effects. To investigate theusgiility of the expectation that the hardware
improves, | discuss the two most influential pdds stimulation in the following sections of this

chapter, the electrodes and battery.

Table 3. Reported adverse effects in 728 newly mgdbDBS patients with neuropsychiatric disorderal(@z, Keser et al.
2015, p. 66).

Serious adverse effect Percentage (%)

Postoperative pain, stress and discomfort 6,6
Lead repositioning 6,1
Stimulation not effective/insufficient tremor cooitr 5,9
Lead migration/dislodgement 3,3
Intracranial hemorrhage 3,1
DBS explanation 2,8
Erosion 1,9
Infection 2,6
Paresthesia 1.4
Component malfunction (IPG, lead, extension) 1,2
Seizures 1,2
Subcutaneous hematoma 1,2
Electrical shocking or jointing 0,9
Headaches 0,9
Lead fractures 0,9
Paresis 0,9
Disequilibrium 0,7
Allergic reaction 0,5
Burr hole ring and cap failure 0,5
Electrode short circuit or open circuit 0,5
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4.2  The Technology Behind the Treatment

Researchers and physicians | interviewed had difitethoughts about the hardware of DBS. On the
one hand, some see the technology as, “The basidbere and it is ready to us@”hysician 3); on

the other hand, some actors see areas for impraedmemost cases, a rechargeable battery and
electrodes with four contacts are implanted. Tachhology is indeed ready to use, but engineers are
trying to improve it in order to improve the tre@m itself. The following section is based on the
expectations about the development of the hardwaased during the interviews. | elaborate on the
guestion, ‘Which expectations and promises aboet hlardware circulate in the technological
domain?’, and discuss the battery and the eledrddmmpare the expectations and arguments in the
scientific literature with the issues discussedrduthe interviews. The next section will consitles

discussion about the choice of the brain regionmmiantation.

4.2.1 Batteries will Die

A primary concern described in literature is therseming of symptoms if and when DBS is
interrupted by stimulator battery depletion (Gresngh Malone et al. 2010). A dead battery could have
a terrible effect on the lives of patients with tegsion, further discussed in chapters five andigie
expected life of a battery is important, becausepms reoccur or worsen and re-surgery is required
when the battery dies. When this inevitably happemsreplacement surgery is necessary. To
complicate matters, it is difficult to predict exlgovhen a battery will die. Stimulation for psyaltic
disorders such as depression requires more enbggy the stimulation of movement disorders
(Sarem-Aslani and Mullett 2011). Greenberg et ALY state that battery depletion occurs between 5
and 13 months with the treatment of patients witis€3sive Compulsive Disorder. When a normal
battery is used this means that approximately esdr someone needs a replacement surgery.
Development of the rechargeable battery might aweec the problem of approximately annual
surgery. The rechargeable battery will run out ppraximately 7 years, however, the patient has to
recharge the battery each day. This is anothemiramuence and can become a problem when the
patient does not have the time to recharge, anldl gmientially have a large influence on the gyalit
of life. According to the researchers | have intemed, the expectation is that it is possible teetiep

a better rechargeable battery. The desired batterg rechargeable battery that does not need
recharging within one day. Although it is under eleypment, the expectation of Developer 1 is that

“This will still take something like three year©ther researchers share this expectation.

Another disadvantage of the battery is the size. Whole stimulator is implanted just beneath
the skin, under the clavicle. It is not yet teclugitally possible to reduce the size of the baftang
thereby the stimulator. Researchers and developetesrviewed see this aspect as a bit more diificu
but as Developer 1 argues that in view of histtrg, battery size might be reduced in coming ydars.

is a technological challenge, but expected to Issipte when we take a time span between three and
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five years into account. | consider the currengdi battery feasible to use for patients, but aced
size and increased life expectancy would be bernéfit seems plausible that the recharge abilities

improve and that the battery size reduces, butldpreent will take some time.

4.2.2 Minimize Side-Effects by Electrode Development

Aside from the battery, a patient has two electsodeplanted in the targeted brain region. The
currently implanted electrodes have four contaktswever, research has been carried out in an
attempt to use electrodes with many more contaicttgpoContarino et al. (2014) have performed a
study with 32-contact electrodes in patients withrkihson’'s Disease. This study shows that
stimulation with a 32-contact electrode is safehwsimilar effects. There were no adverse events
observed and the side effects were minimized (dCojhtarino et al. (2014) state that the resultd wi
the 32-contact electrodes are based on short-&suits only and that long-term result is necestary
verification. More contacts can result in a chaagd enlargement of the exact brain area affected by
stimulation. The four-contact electrode covers diase of 6 mm and a radius of 0.5 to 4 mm (o.c.).
The 32-contact electrode has small contact poirded for directional steering of the stimulation.
With directional steering, the spherical stimulat@an change into a square in the case of fourirstee
directions. The area for stimulation might be agjdsbecause of independent activation of several
contacts (0.c.). Directional steering might notydoé beneficial for patients with Parkinson’s Disea

but for all patients with other diseases treatetth WBS.

Researchers and developers | interviewed see shespromising development. As explained
during the interview with Researcher 1, “Duringrsilation, two different points of each electrode ar
activated.” The points chosen for stimulation cdmarge. This is a part of the application issues
discussed in chapter five. Influential for the haade is an increase of contacts of the electroiss.
claimed by Researcher 1, “Electrodes with a numiifecontacts up to 64 are currently under
development.” However, these electrodes are notlimical use yet, so the effectiveness is
unknown.The large area overlapped by the spherstinfulation discussed as well during the
interviews, and the researchers have the expetttiat the electrodes with more contacts might be
beneficial for targeted treatment of depressiorthis case, literature and interviews concur wahte
other. Developer 1 states that “These developmeilitsnake it possible to direct the stimulation.”
The researchers included in the interviews hadstimee idea. Thus, the idea and the technology are
there, but development and clinical research maostimue to show the effectiveness and possibilities

of directional steering.

Aside from directional steering, another proposalmiprove the technological feasibility is
non-continuous stimulation. Literature does notsider this aspect, but researchers and developers |

interviewed believe that it would be beneficial the patient if the brain is only stimulated when
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necessary. Expected by Developer 1, but also nmedidy the other researchers, is a ‘closed-loop
system’. The electrode has to be able to detectfheific signals that cause a certain disordehim
case, depression. A patient would not receive nantis stimulation, which could potentially reduce
side effects. Developer 1 explains that “Therepassibilities to build the closed-loop system ared w
have the ability to program everything we want.idesfrom this programming, it is not yet feasilde t
detect and program when to act, due to the ladkoivledge about the brain. The closed-loop-system
is not plausible for depression at the moments ppriobably earlier possible to incorporate a clesed
loop system in patients with Parkinson’s Diseaseabse of the lack of knowledge of the brain and
the underlying mechanisms of depression is noicsefft. Although the development of this system
depends on the knowledge of the disease, diffexeotrs consider it as a possibility. The closegtoo
system that can detect and act when necessary seeimsst idea to focus on by developers; however,

I think that it is not feasible the coming years.

4.3  Brain Region Selection in a Heterogenic Disease

As shown in the overview of ten different studies @BS for depression analyzed by Galvez et al.
(2015), clinical trials performed in a variety afan regions possibly involved with the disordehisr
seems a very important and difficult aspect as feelthe technology as for the actual embedding of
the treatment; there is no consensus about whiaim begion is involved with depression and most
suitable for treatment. Depression is a heterogenemsorder; thus, it is possible that differerditbr
regions are involved. Research groups have their loypotheses for a certain brain region for the
treatment. | describe several hypotheses in tlisose after which the difficulties with this aspexf

brain region choice for the experiments, as wefbashe treatment of depression, are discussed.

Another current discussion does include dynamigsiesns, selecting a spots to influence the
dynamics instead of selecting a specific regiontfar implantation of electrodes. The Dynamical
System Theory states that changes in psychopathdldfpw transitions in complex dynamical
systems (Wicher, Wigman et al. 2015). Scheffer.e2809) argue that the underlying conditions of
these systems influenced by variable factors miad#ficult to disentangle the exact mechanism that
is responsible for a change in the system. Thierthstates that nodes within a network can form a
stable state in which the system does not chanwg®, with a strong perturbation. However, when the
system is in an unstable state, a small stressraggh to cause a transition (0.c.). The diffeecioc
the application of DBS for depression is probalhe tdetermination of region for electrode
implantation. The electrode will not be implant&dai specific brain region to stimulate that region,
but a specific spot to stimulate a system. Howesienilar for the definition of brain regions invel,
research to acquire more knowledge about the irdotlynamical systems is necessary. Although this

is a current discussion, this thesis will focuglom discussion about brain region selection.
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4.3.1 Hypotheses by the Researchers

According to Bewernick et al. (2012, p. 1975), DE&Search for the treatment of depression focuses
primarily on three brain regions. The choice foegh brain regions, driven by different hypotheses,
includes the subgenual cingulate cortex (Cg25) attiterior limb of the capsula interna (ALIC), and
the nucelas accumbens (NAcc). The hypothesis f@5Cxp a target for DBS is developed with the
help of neuroimaging technologies, such as posigmission tomography (PET). The imaging leads
to a suggestion to use the Cg25 region as targatfar DBS as treatment for depression. “Depressed
patients showed a unique pattern of elevated suiagemgulate (Cg25) blood flow at pretreatment
baseline” (Mayberg, Lozano et al. 2005, p. 655 Tdsearchers have investigated the implantation of
electrodes in this area in six patients with tremitresistant depression. “A similar pattern of
hyperactive Cg25 and hypoactive prefrontal corteasvseen in both DBS responders and non-
responders” (o.c., p. 655). The difference in resigos and non-responders was mainly seen in the
magnitude of the prefrontal decreases. Only thearders show an area of hyperactivity in the medial

frontal cortex (o.c.).

Malone et al. (2009) have selected ALIC becauss &BS implantation patients with other
indications seem less depressed, for example ObsgSsmpulsive Disorder. They discuss that “The
observations in Obsessive Compulsive Disorder, calatith lesioning studies targeting the same
cortico-basal circuity, led to our exploration dfig target for the treatment” (o.c., p. 267). The
researchers and physicians in the Netherlands &aimilar hypothesis, as claimed by Malone et al.
(2009). This leads to the hypothesis for using DB&e NAcc to treat patients with depression. As
Researcher 1 explains, “The idea is based on sleoeyt, but other brain regions could be possible as
well. However, the direct motivation resulted frahe findings in other patient populations, which
means that we are stimulating in the mood circ@tfier researchers base their hypotheses on theory.
For example, Bewernick et al. (2010) choose tothseNAcc as the target of DBS for depression.
“We aimed to ameliorate depression by modulatitgadn area related to a specific symptom cluster.
The NAcc was selected because of its central roleward circuitry and its dysfunction regarding
rewarding stimuli in patients with major depress$i¢o.c., p. 110). Overall, these three approaches
differ in choice of reliable knowledge about degies, resulting in different criteria to select ibra

regions for DBS implantation.

4.3.2 Difficulties of Selecting a Suitable Brain Region

It is difficult to compare results of experimentsedto the multitude of different hypotheses and
identified targets. Altinay et al. (2015) arguettiraall of the different clinical trials, there isot a
single target region that appears to have supgriovier another in terms of treatment effectiveness

the average ranges between 45 and 53 %. Currerdtlite does not demonstrate any superiority of
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one brain region over another for DBS treatmentdepression, and it seems that the responsible
circuits for this disorder might be modulated witie stimulation of different target regions (o.c.).
Altinay et al. (2015) claim that the expectatioattBBS will be a promising treatment for depression
based on the belief that psychiatric disorderscatesed by the dysfunction of a specific brain regio
However, the data from different studies suggdsa$ depression occurs due to the dysfunction of
neuronal circuits, which involves several brainioeg (o0.c.). This is a problem when it comes to

selecting the brain region most suitable for imtdtion.

Physicians state that patients with depressioredifiom each other, and this influences the
results of experiments with DBS. Physician 3 clatheg “The studies will not show univocal results,
because the patient groups included in the researehtoo heterogeneous.” This statement
corresponds within the view of the other interviesieand literature. As Physician 3 argues, “All
physicians will emphasize that each patient ised#ift, but they all have depression.” It seemsahat
understanding of the underlying mechanisms carerdédmong patients as well. This is visible in the
results with all treatment options for depressidhysician 3 elaborates, “One patient with deprassio
will directly respond to a treatment with DBS anbther will directly respond to ECT, but at the

moment we are not sufficiently capable of dististning between the different patients.”

An important question is whether you are able stigfjuish between patients, and determine
whether a patient is a suitable candidate for raodulation. Physician 2 claims that you have to
determine the treatment for each patient indivigyaind in the case of neuromodulation, “The region
for stimulation can differ from patient to patiénT.he other physicians agree with his claim. It is
possible that neuroimaging could help to deternfiimesach patient specific, but there is no avadabl
published literature on the results of neurocimagiftgr DBS treatment. Other interviewees, such as
the researchers, agree that it is difficult becaafsthe heterogeneity. However, they do not argue i
detail about this difficulty. Concluding, it doestrcurrently seem plausible to determine beforehand
which patient would be suitable for a DBS treatmemtwhich brain region should be selected for
treatment, yet it seems necessary to determinefdhisach patient. This implies that the research
should continue to acquire more knowledge aboueffexts of DBS on different brain regions before

it will become possible to use DBS as a regulateatinent in the psychiatric care.

4.4 DBS Seems Technologically Feasible
The goal of this chapter was to evaluate the pbéitgi of expectations about the technological
feasibility of DBS for depression. | analyzed trapabilities of the technology with the current use
and developments. | conclude from literature artdrimews that it seems technologically feasible to
use this technology for patients with depressiorused in clinical trials. The technology has been
developed and improved to treat patients with diffé indications. DBS tested in different settings,

making comparison difficult, but results seem pesit Aside from a general comparison of
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experiments, there are some expectations aboutettiological improvements requiring further
discussion and analysis. The components of thewasaiedof DBS are rapidly evolving. The main
expectations mentioned in this chapter are a smalitery with better recharge abilities and

electrodes with multiple contacts and detect ahilit

From the interviews | expect that it is plausitiattthe battery life will improve and that the
size will reduce, but the latter needs a bit moffere Another plausible expectation is the
development of more contact electrodes (from &4ta@ontacts). The electrodes are already developed
and some used in clinical trials. Although thigisrently only for Parkinson’s Disease, it is shawn
be technological feasible. The effects of theseteldes with the treatment of patients with depogss
are unknown and require more research. Anotherduttiented expectation of electrode capabilities
is a closed-loop-system. The idea raised by reBeescand developers during the interviews is to
detect and act only when necessary, reducing fiielet® | consider this not feasible the comingrgea
This means that some of the side effects will rengaproblem for the time being, but it is possible
that the use of directional steering can reducsetlas well. The idea that DBS might be a treatment
for mental disorders used in the military sectomedl as the medical sector as argued by DARPA

seems plausible with the current hardware anddurssearch to investigate new technological parts.

Although the expectation that more contact ele&sagsed for directional steering and a more
personalized treatment is plausible, a problem nesrtae limited knowledge about brain regions. The
bottom line is the difference in target regionsduge clinical trials due to the heterogenic clifica
picture of depression and unequivocal knowledgee Tiipotheses for experiments have various
criteria, resulting in a variety of brain regionsed in research. These different regions lead to
incomparable results, making it difficult to basnclusions. Overall, the expectation that one brain
region will be the target for implantation seemgpliasible. The disorder is heterogeneous and it is
possible that when DBS will be proven beneficial fsome) patients, the brain region suitable for
implantation differs from patient to patient. Fbettime being, there is limited knowledge about the
brain regions and an absence of tools to seleatdoh patient. That it might be beneficial for some
patients is proven, but the general expectation@BES for depression is beneficial seems implaesibl
The expectation raised by the DARPA researchets igse this technology for treatment and for
prevention of depression or mood enhancement, henwévis seems not plausible due to the limited
knowledge about brain regions or maybe dynamicstiesys involved with the disorder. Therefore, |

will focus on the possibility of treatment in tha@lbwing chapters.
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5.Social Usability

There are many options to treat a patient with @&gpon, ranging from talking to ECT. DBS as a
treatment for depression is in the experimentabphand not accepted or incorporated within current
psychiatric care. However, the idea to embed DB®énpsychiatric care in the near future is already
widespread in literature. Moss (2013, p. 1) argtiesep Brain Stimulation is emerging as a viable
option for treatment-resistant depressidfrdm this argument, | would consider that the tedbgy is
possible in the current health care. However, istii experimental and not clear whether the
expectations are plausible. Different studies hbgen performed to show the benefits of DBS in
psychiatric care. Solomon (2014, p. 6) argues ftifiae most radical breakthrough is deep brain
stimulation (...) absolutely astonishing results wipple who failed every other kind of treatment.”

Will DBS become a radical breakthrough in the p#frit practices or not?

Reflection on the social usability, as proposed_.bgivero et al. (2011), is the next step in
assessing the plausibility of expectations. Sougability is included to discuss whether possible
technological expectations might imply social cdiodis that are impossible (o.c., p. 135). It migat
possible for example to develop a smaller batteuy,recharging within less than a day implies hard
condition for the patient. It is possible to creatéetailed image of what use beyond the laboratory
might look like, building on relevant current priaes and envisioned new practice (0.c.). Lucivero e
al. (2011) argue that actors can share opinionsi@eas about possible aspects of use that need to
change, become prevented, or encouraged. A usefuist a ‘thick description’, of which points out
the social conditions that are implicit in the exadions, to imagine the new technology in the aoci
context (o.c.). For example, practices of psychts#rmight change with the introduction of DBS

including a surgery. These changing practices requaluation before embedding in psychiatric care.

This chapter will discuss the context of use inrentr care, as well as possible care with the
embedding of DBS. | will analyze both contexts,hatihte use of a script of current care and a sofipt
DBS for depression based on literature and infdonajained during the interviews. | use the scripts
to determine which aspects or expectations seermapeculative for further discussion. ‘Is it plausib
for DBS to become embedded in the care of patieitts depression?’ | start with a description of
script. The definition of script and the possilit for analysis might help to make a thick desimnp
of the current situation in psychiatric care, andcept of the envisioned practices of DBS to treat
depression. Both scripts are used to constructasioenfor patients and other actors involved with
DBS in the health care system. The second parhisfdhapter includes some difficult issues for
embedding in the case of DBS for depression, ssaetermination of stimulation settings and patient

selection.
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5.1 Analyzing the Script of Deep Brain Stimulation
Akrich (1992) has defined the term ‘script’ for thmalysis of the relationship between users and
technologies. She compares it with a film scrifiechnical objects define a framework of action
together with the actors and the space in which &éine supposed to act” (o.c., p. 208). With theafse
script, a study focuses on the definition of thersisspecific tastes, competences, motives, agpisat
political prejudices, and other perspectives. Tiakps to create a probable vision of the worldhia t
technical content of a new object (0.c.). AkricB®92) argues that the designer of a technologydas t
imagine the probable use, and the probable usetheonew technology. The designer applies the
imagined scenario in the decision making proceghefise of the artifact and defines what should be
left for initiatives of the users (o.c., p. 216)cadrding to Akrich (1992), the designer puts theaid
who will become the user of a device in the init&dript. Different users can interpret new
technologies in various ways (Troja 2009). On oaed) a user can have a similar vision compared to
the designer. The script can become the main elefoemterpreting the actions of a user with the
object; these users are the projected users (AKW882, p. 216). On the other hand, a user might
interact with the device in an unpredicted way. Tiser does not follow the script and becomes a
designer in a certain way. He discovers new prastand applications to use the device (0.c.). As
Akrich (1992) puts it, these users help themsetoeschieve their own goals and program of action,

the intended script might differ from the initiarigpt by use in unintended ways.

Innovation studies show the simultaneous techmigdlsocial shaping of innovations. De Laat
(1996) argues that proposals for visions, and agsans of the innovation in the future world, are
more or less shared. The scripts made by projectages or designers and shared by people
concerned with use (o.c.). Jolivet et al. (2008uarthat scripts focus on factors that count andtpo
to relevant transformations that need to be redeigh the introduction and use of a new technology
Different actors need to learn about DBS, how tbay and need to use it (0.c.). It is important to
analyze this before embedding, because designeesaaesponsibility to identify required changes
and start to build the route to follow (0.c.). Floe script of DBS for depression, it is possiblepply
the concept of roles to analyze all different agtsuch as their contributions and interactions wie
use of a technology (De Laat 2006). As Goodyeat.€2014) claim, social networks are composed of
nodes or actors and the connections between thetarsAmight have their own goals, ambitions and
actions, but connected with the other actors tmfan overall goal, to have an effective treatment f
patients with treatment-resistant depression, éndhse of this thesis. A technology can have very
specific implications for the roles of differenttas involved with the technology; for example, the
embedding of DBS within psychiatric care will intiece surgery to the working domain of a
psychiatrist. In addition to the possible new awii@and practices, Parthasarathy (2012, p. 20-21)
argues that a role presupposes a set of rightsomsibilities, and relationships. Consider the qudti

and the psychiatrist; there is a presupposed oekttip between them, which is critical for the
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treatment of that patient. The psychiatrist is ossjible for listening to the patient and providoaye,
and the patient is responsible for showing up apoapments. This relationship, with its

responsibilities, will not change after embeddir3in psychiatric care of depression.

5.1.1 The Script of Psychiatric Care of Patients with Begsion

The concept of script can be used to investigaédrttiuence of a new technology. Before | discuss a
possible script of DBS for depression, | analyze ¢hrrent psychiatric care practices, with the afse
the protocol for diagnosis and treatment of defiwasas described in chapter two and the interviews,
as a starting point to build a script for a newhtedogy. Different actors are involved with the
different therapies for patients with depressioirstF the general practitioner (GP) of a patient
coordinates the (first) care. When the GP evaluitestreatment and it is determined that the
treatment needs expansion with psycho- or pharrhacapy, more actors become involved.
Psychotherapy includes treatment realized by a hmdggist, psychiatrist, or another therapist.
Pharmacotherapy includes the pharmacological inguste laboratory, and the pharmacist. A GP can
forward a patient to a psychiatrist if and when plagient does not respond to any treatment that the
GP can provide. The psychiatrist will evaluate tha&tient and probably recommend different
treatments based on that person’s specific neezglbelomes the coordinator of the treatment process.
A psychiatrist can discuss with the patient totsECT, introducing other professionals such as an

anesthesiologist and nursery personnel at the fayichward of the hospital.

Overall, the current practice of the treatmentatignts with depression, and all different steps
in this protocol, will involve different actors wiitspecific roles, responsibilities, and competentes
have compiled an overview of the different therapwdth the roles responsibilities, actions, and
competences (see Table 4). The description of dls& lireatments, psycho- and pharmacotherapy, is
rather short. The analysis of the ECT script iser@xtensive and therefore probably most comparable

to the possible script of DBS for depression.

Table 4. An overview of the different therapieshia protocol of the treatment of depression. Thelired actors with their
roles, responsibilities, and competences are iretufibr each treatment.

Therapy Actors Roles/responsibilities Competences
First basic| Patient Go to the GP for a consulRecognize that he has symptoms | of
treatments and return for  each depression.

evaluation. The ability to visit a GP.

Give the GP information The motivation to perform self-therapy
about the depressive state.| Understand how to do the therapy.

Perform the given therapy. | Time and opportunity to perform the
therapy, for example the ability to read.
GP See the patient and diagnosélnderstand and recognize depression
Determine which therapy and the symptoms.
could be beneficial. Understand the outcome of depressjon
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Evaluate the treatment andating scales and know whether or not
determine next steps. the therapy is helpful.

Have knowledge about self-therapy
possibilities.

Psychotherapy Patient See different therapists |avidtivation and opportunity to go tp
return for all appointments. | appointments.

Adhere to the given The ability to speak.

treatment. Understand why he should talk about the
situation.
Trust the therapist.

GP/psychiatrist | Keep track of the situation| Have contact with the other therapists.
Evaluate the treatment andJnderstand and evaluate the therapy
determine next steps. performed by others.

Other therapist See the patient and talk withnderstand the patient’s situation.
him. Keep track of the previous sessions.
Analyze and evaluate theGain trust of the patient.
conversations and find theHave the ability to listen to and speak
need for the next consults. | with patients.

Give the suitable therapy.

Pharmacotherapy Patient Go to the pharmacist Tthe ability to swallow or competence jn
obtain the drugs. other ways to take drugs.

Take the given drugs. The opportunity, and means to get and
Motivation to adhere to the pay for the drugs.
treatment. The ability to remember to take drugs.

GP/psychiatrist | Determine which drug wjllUnderstand the different mechanisms
be the best to take for eacland effects of the different drugs.
patient. The ability to change drugs when
Evaluate and determine nexnecessary.
treatment steps. Keep track of the situation of the patient.

Pharmacist Give the correct drug. Have knowledge about all different
Explain effects and risks tpdrugs, the (side-) effects, risks, and
the patient. influence of other drugs.

Control the different drugs Ability to control and check the total
taken by the patient. drug intake of the patient.

Laboratory Test the drugs and thd&he ability to understand the results |of
effects for the patients. experiments.

Pharmacological Investigate the  currentkKnow the needs for new drugs apd

industry market and research theespond to that.
drugs for depression. Guarantee safety and efficacy.
Development of new drugs.

ECT Patient Accept the treatment anblo sufficient response on other
adhere to appointments fortreatments.

ECT sessions. Understand and give informed consent.

Arrive at the hospital for Be awake before therapy starts.

every session. Needs an extremity for the measurement

Take place in the bed ipofthe insult.

which the treatment will be Indicate his conditions before and after

given. an ECT session.

Relax before the procedureThe time and opportunity to go to the

starts and the musclehospital for each session.

relaxation medication i$ Understand the possible side effects and

given. know which are undesirable.

Awake after the insult. The opportunity to go to someone when
something happens outside the hospital.

Psychiatrist Coordinate the care of qhe Have arerstdnding and overview of
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patient.
Inform the patient about th
treatment and its risks an
benefits.
Check the different setting
before and during ECT.
Perform  the  treatmern
correctly and evaluate th

the treatment history of the patient.

eKnowledge about the ECT procedure.

dHave the correct devices available
perform the procedure.

sUnderstand the influence and outco
of the ECT.

e(anesthesiologist and nursing personn

to

ne

tHave contact with the others involved

o|).

outcome. Have a computer to check settin
beforehand and log the procedure
insult afterwards.

h&nowledge about the influences of ECT
on the conditions of the patient and how

to respond on undesirable changes.

gs
and

Give and check for t
correct medication.

Assist during the procedure

Anesthesiologist

Watch over the physical Have the opportunity to call someone|in
conditions of the patient. case of emergency.
Know how to wake the patient and

respond on possible side effects.

Have monitors to watch over the patient.

Nursing Take care of the patient. Time to watch over the patient.
personnel Watch over the conditions qfAbility to take care and know what
the patient after ECT. needs to be done for each patient.
Have contact with Understand the condition of the patient
psychiatrist. and the influence of ECT.
Evaluate and know when the patient gan

leave the hospital.

5.1.2 Script of Deep Brain Stimulation for Depression

DBS is not embedded in current psychiatric prastitkus, the script of DBS for depression is not
clear, but can be based on the experimental sbitipe research groups. Altinay et al. (2015) discu
that a main issue remains to know when and hove¢oDBS. They claim that “The use of medication
and peripheral neurostimulation should always mted@BS for psychiatric disorders until research
indicates otherwise” (0.c., p. 348). All interviesgeagree and suggest DBS as a treatment optibe at t
end of the protocol for patients with treatmenisest depression. However, Developer 1 argues that
it is possible for this to change over time.

| start by defining the involved actors in the #q@r process, after which | investigate the goals
and ambitions, roles, responsibilities, and comms of the actors. | use the experimental setfup o
the research in the Netherlands to develop thetsdre ultimate goal for the patient is to be &ulir
of depression. The ambition to diminish the depédeelings, when all other treatment options fail,
might result in an acceptance of a more radicaktnent like DBS. Before this can become an option,
the patient needs to have undergone different phawtogical and psychotherapies, and several ECT
sessions. This is a long process, and the patedsito be capable of taking all steps and adh&wing

treatments during this time, | describe a possbenario of the patient in 5.1.3.1.

The goal of the neurosurgeon is to implant theteddes and stimulators correctly in the

predefined brain region. Physician 3 argues thfnidg the brain region should be a multidiscipliya
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process. All actors involved with the treatmentudtidoe included in the decision-making procedure.
Although the brain region for implantation is pré&ded in current clinical trials, this could poteily
change over time. | will discuss the possible iafloe of brain region selection on the situatiooare

in the reflection part of this thesis. The neurgson has the ambition to eliminate side effectd, lan
takes every possible step before and during sutgesgtermine the correct procedure. The goallof al
physicians is to ‘cure’ their patients. The psytisais involved in the treatment as well, esplygia
before and after the surgery. His goal is to give patient a suitable treatment that helps them
overcome the depressed feelings. The ambitiomtb guitable settings for stimulation underlines his
actions to change and/or stop the stimulation whecessary. He will evaluate the effect on the
patient, and after a long process of changingnegttithe psychiatrist can compare the different

settings to find the most desirable. He makestihautation patient-specific and more personalized.

There are other actors involved making the treatrpessible, such as the developers of the
technology and the health care providers. The gbtile developers is to create a technology wigh th
highest quality. In addition to a high performanites technology should be desirable to the differen
actors that potentially use the technology. Theetigpers have the ambition to research and
experiment with the technology, and acquire resaltshow effectiveness. They might improve the
technology and search for research groups to sheluse of the technology. DBS for depression is in
the experimental phase, thus the researchers amdvéd as well. Their goal is to show the
effectiveness of DBS for depression. In the effortlo this, they perform different experiments and
analyze the results. | have included the reseasdierause of the possibility of them staying inedlv
after embedding. Probably more research remainsssacy to optimize the treatment. Research can
have consequences and can introduce changessuortpe It is, for example, possible that researghe
suggest a different use of the technology. It $& adossible for a certain device not to be suitédrle

use in a clinical setting. In that case, developarschange the design of the device.

Table 5. An overview of the actors involved in ttrégps of DBS for patients with depression. Each adésancluded with a
description of his goal and/or ambitions, roles aedponsibilities, and the required competences.

Actor Goal/ambitions Roles/responsibilities Competeces
Patient To diminish or Undergo psycho- andThe ability to live with the
overcome the pharmacological-therapies, andlepression, undergo all previous
depressive several ECT session. treatments, and accept a surgery.
feelings. Accept DBS and give informedThe ability to give informed consent,
consent. mental competence.
Come to the hospital for theUnderstand what should happen and
surgery. know or recognize when undesirahle

Adhere to all consults toside effect occur.
evaluate and change the&know what to do and/or where to go

stimulation settings. when side effects occur.
Live with the DBS. Have the physical conditions to
Recharge the batteryundergo the surgery.

approximately every day (inMotivation to come back to the
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case of a rechargeable battery).

hospital for pppointments, even
when the situation is desirable.
Ability to recognize and report al
effects.

Psychiatrist

To help/cure’ th
patient by finding
the best therapy

e Give correct information abod
the whole procedure, risk

stimulation and evaluate th
state of depression (HAM-D
during each consult.
Determine the best stimulatig
settings for each
patient.

Stop treatment when necessg
in case of highly undesirab
effects or when the patie
wants to stop.

individudl effects and translate that to t

has on the patient.
nAbility to interpret the observe

stimulation settings.
NAbility to motivate the patient to
ereport the effects of stimulation.
ntHave devices available to adjust t
settings.

esettings. Know what to do and when.
) Recognize the effects the treatment

CM van Leersum

tUnderstand the working mechanisms
5,0f DBS.

effects, et cetera. The ability to understand the situation
Give the patient the bestof the patient.

possible treatment. Knowledge about the different
Change the settings foroptions and influences of stimulation

ne

he

Neurosurgeon| To perform |aPrepare the treatment. The capability and experience fo
correct Determine procedure and brairperform a DBS surgery.
implantation  of| area for implantation, when notUnderstand the technology and
the electrodes anfpredefined. knowledge how to implant
stimulator. Perform the surgery as preparecelectrodes, wires, and stimulator.
Watch over the condition of theKnow the situation of the patient and
patient during implantation anduse this to determine the procedure|
evaluate first effects. Have the devices available for
Overcome side effect of theimplantation and first stimulation.
implantation and obtain the beskKnow which effects are desired and
results possible. which are undesirable that could be
overcome during surgery.
Nursing Take care of the Give care when required afterTime to watch over the patient.
personnel patient. surgery. Understand the condition of the
Take time to watch over thepatient and the influence of DBS.
conditions of the patient. Ability to acquire knowledge about
Have contact with  the DBS, depression, and the desirablg as
physicians about the situation pfvell as undesirable effects of DBS ¢n
the patient. the patients.
Ability to recognize effects which
need immediate action.
Know which care is necessary fpr
each patient.
Recognize when the patient can leave
the hospital and evaluate this with
physicians.
Developers Develop andResearch and experiment withJnderstand the health care system,
improve the| the technologies and acquirainderstand the need of DBS in|a
technology. results to show the specific branch, the psychiatrjc

effectiveness.
Improve the current technology
Search and contact with grou
which  will use the new
technologies for research.

domain.
.Have the (technological) knowledd
p$o improve the current devices.

The means to improve or devel

new technologies/devices.

The time, work space and opportun

to develop or improve.
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Understand the outcome of research
and have the ability to interpret these
reports and translate to development.
Researchers To show thevake a set-up and guidelingKnowledge about the mechanisms|of
effectiveness  of for the research. the technology and depression to get-
DBS for | Select the patients and makep a research.
depression guidelines with inclusion andUnderstand the health care system
exclusion criteria for thig and the possible need for a new
selection. technology.
Perform all experiments The ability and means to perform
according to the set-up andesearch with the use of DBS devices.
guidelines. Cooperation with a hospital to
Analyze the results and possiblyperform the experiments and ability
write reports. to contact patients.
Probably show the results to théJnderstand the possible effects [ad
scientific or wider public. side effects DBS can have on the
Make recommendations farpatients with depression.
further research. The ability to recognize effects and
report in a way that it is
understandable for others.

5.1.3 Scenarios of a Possible Future for DBS

I consider the previously presented script basedegperimental settings as plausible for the
embedding of DBS in psychiatric care. First, | ukis script to analyze a possible scenario for a
patient diagnosed with depression. Possible samnabout expected advantageous technologies

additional to the treatment protocol follow this.

5.1.3.1 The Process for the Patient

Researcher 1 discusses the inclusion and exclusiiteria in the research performed in the
Netherlands. A patient is only qualified for DBSteaf psychotherapy, drugs, and several ECT
treatments. The patient undergoes these treatrfamas least one or two years before DBS becomes
an option. More specifically, previous treatmens$ fainclude a variety of drugs, including SSRIs o
SNRI's, lithium, and a monoamide oxidase inhibitand a series of twelve ECTs. As Researcher 1
claims, “These patients are exceptionally treatmesitstant.” They should not suffer from bipolar

depression, and should not have manic episodesh@sig or schizophrenia.

When the psychiatrist gives his patient the optiorchoose for DBS, the patient will be
informed. The patient should understand the inféionaabout the whole procedure, surgery, the time
to determine desirable settings, the risks, beneéihd all effects. He needs to assimilate all the
information and be mentally competent to make thasion about the DBS surgery and follow-up. |
discuss this aspect in detail in the next chapidnen the patient gives his informed consent and
accepts the treatment, the physicians will staeparing the procedure. Due to the expertise negessa
for this surgery and treatment, DBS will not inligabe available in all hospitals, but only in desgted
group; for example, hospitals already involvedhia experiments. This is beneficial for the expertis

of the physicians because they treat multiple pttiea year, improving their capabilities and
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experiences. This means that some patients woeld teetravel for the surgery as well as the follow-
up.

The patient needs to stay awake during the whalegaiure to answer several questions or
perform some simple tasks during the surgery. Rigtieave to repeat a sentence or wink an eye, and
the physicians evaluate the reaction of the patiemis will give them an impression about the first
response on the electrodes and stimulation. Afiegesy, the patient has to recover. He is nursed at
the hospital and can return to home when possibl¢he following period, the patient will make
appointments and return to the hospital for evaduaand adjustment of the stimulation. The patient
needs to describe his situation, the effects timusdtion has, and the current state of the possibl
depressed feelings. This means that he needs ttordoagnize the changing effects and feelings and
have the ability to report this to his psychiatriSthe returns to the hospital will take place
approximately one week after each change of ssttidgring this period, the patient has to be able t
adhere to the treatment and return to the hodpitadvery appointment. This is a long process @& on

to two years, comparable to the current experinhaetaup.

If and when the patients respond well to the treattindo not have the depressed feelings
anymore or are less depressed, the stimulationne@st During this period of continued stimulation,
the patient will have periodic appointments witls psychiatrist; probably every one or two months.
The patient and his relatives needs to be awatmaésirable effects and return of the depression. A
return of the depression could be the result of@ddoattery, most likely occurring between eight an
thirteen months after the start of the stimulatisnthe case of a rechargeable battery, used in the

current situation, the patient needs to rechargeyeday for approximately one hour.

When a patient does not respond to the treatmemtoes not wish to continue with the
therapy, the physicians stop the stimulation andore the electrodes. The patient remains under
supervision of the psychiatrist, who has to evauhe approach to handle the depression. Researcher
2 argues that the difficulty with this treatmenthat it seems actually the last chance for thaepist
He discusses that “These patients have little laopeDBS can give them any perspective. In general,
the patients would prefer euthanasia when theyodoaspond to the treatment.” Other researchers and
psychiatrists | have interviewed agree with thisaidbut argue that we should not actively support
euthanasia. The procedure of euthanasia can cetiy \sith a request by the patient, otherwise the

patient might consider the option of euthanasieeise of non-response.

5.1.3.2 Future Possible Changes in the Scenarios

It is possible that other embedding scenarios oS the psychiatric care evolve if and when the
technology is shown to be effective and benefidile previously described scenario is based on the
current experimental setting. However, the treatnennder research for the coming years, and it is

possible for this research to show that inclusibatber steps, such as imaging, could be benefioial
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the outcome of the treatment. This would changeptbeedure and the roles of included actors. The
scenario prior to the surgery could change with ih@usion of MRI or a different imaging
technology. A scenario with imaging includes thatle patient will undergo a scan, and the results
will determine whether a patient is qualified fdrettreatment. This extra step before surgery
introduces a slightly different procedure and iesinew actors. The patient will come to the hokpita
for the MRI. Radiologists will perform the MRl measment when the patient does not have any
contra-indication, such as metal or electrical stators inside the body and is not scared to urderg
this scan. With MRI the radiologist might becomeluded. His goal might be to obtain correct
images useful for other physicians to specify tremdor implantation. The radiologist will likelyeb
included in the multidisciplinary process to pldre tprocedure for surgery. After this planning, the
same process of surgery and follow-up consultsvaluate the conditions and change stimulation
settings will follow. In this possible scenariorhagine the only change is the inclusion of another

actor and an imaging technology included in thasiet making process.

Another example of how the scenario above mightvevis the inclusion of biomarker detection. A
possible extra step, suggested by Galvez et al5)2@s to analyze responses of several biomarkers
before and after stimulation, such as pro-inflamumatcytokines and oxidative stress levels.
Biomarkers will help to gain understanding of thderlying pathophysiology of depression, and the
influence on these biomarkers after the electratmhulation can be observed (o.c.). Glavez et al.
(2015) suggest that the knowledge of important bidwars is useful to determine the best application
for each patient. The only interviewee that merdtbtiomarkers was Developer 1. He argues that
“One of the problems with determination of a suigaibeatment is the heterogeneity of depression, bu
another problem is the absence of known biomarkéise set-up of a clinical trial is difficult,
because there is insufficient knowledge about bikera. Research on biomarkers would be
beneficial for expanding knowledge about the unilegl processes during DBS treatment. When it
becomes beneficial to use biomarkers to deternmeetutcome of treatments, the analysis of specific
biomarkers might be included in the procedures lhard to create a scenario of this very specelativ
method, because it is, for example, unknown whetetaboratory needs a biopsy or a blood sample
to measure the biomarker. The function of biomakeunknown and it is therefore difficult to defin
the different steps actors have to take duringghisess. Currently, the measurement of biomaitkers

just an idea. The development could take severettibns, including different actors.

The following is a speculative scenario that inelsidhe use of biomarkers. The patient
undergoes different therapies before the psychiatright measure biomarkers, however, it is possibl
to measure biomarkers in every stage of the tredtrivéhen it is clear that a patient has a biomarker
that indicates they are a good candidate for DB&ttnent, the physicians potentially treat the patie

in an earlier stage. Probably the biomarkers haveetanalysed in the laboratory and the laboratory
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technician interprets these results. The psychtatvill coordinate the steps after a multidisciplin
consultation to determine the procedure that ifolow. If and when knowledge of biomarkers is
determined to be beneficial after surgery as veedlimilar procedure to define biomarkers and amalys
the results will also be performed post-surgerye Hatient has to come to the hospital for an
evaluation and a change of stimulation settingselkas for a biopsy or blood sample. The resuts c
have an influence on the follow-up of the treatméints necessary for the patient to return to the
hospital several times for the measurement of bikera; this will make the whole procedure more
complicated, but it can have a beneficial influenoethe outcome of the treatment. It is also pdssib
to exclude patients who do not present a certamarker or present a different biomarker. This rhigh
overcome unsuccessful brain surgeries. Howeveryidgeg more knowledge about biomarkers is
necessary before embedding as a step during #ueneat or used to include or exclude patients It i
plausible that future research includes biomarkieus,for now it seems implausible to state that it
might be beneficial for the treatment.

MRI as well as biomarkers have to show beneficdocahe treatment before | consider it
plausible to include them in the embedding of DBSaareatment for depression. In addition to the
future possible scenarios, some issues can relagadusibility to introduce DBS in psychiatric ear
In the remaining part of this chapter, | will dissusome of the difficulties, argued on in literatand

during the interviews, which are seemingly impottan the embedding of DBS for depression.

5.2 Difficult User Issues with the Embedding of DBS
This section includes the arguments shared by ifffereht interviewees. These issues were already
incorporated in the previously described scenarmg] shown to be possible to embed in a way
comparable to clinical trials. However, some issaesactually more difficult and influential foreh
embedding of DBS for depression. | start with ausion about the process used to determine the
optimal settings for electrical stimulation, comtinwith the difficulty of patient selection, andden

with the influence of insurance companies on thesiiility of embedding.

5.2.1 The Trial an Error of Searching for Optimal Stimtita Settings

It is a long and difficult process to define thiemstlation settings with the greatest effect on tiepad.

In literature Mayberg et al. (2005, p. 652) sthtat the stimulation settings that were found tdrbe

of adverse effects became the basis for the sdlstitaulation settings. Overt adverse effects, agch
lightheadedness and psychomotor slowing, only eksewith the use of a high voltage, and in most
cases seen at the superior contact. “The meanlatiotuparameters used in this group at 6 months
were 4.0 Volts, 60 us pulse widths, at a frequexic80 Hz” (0.c., p. 653). The final contact seieat

and stimulation parameters tested over five datgs atirgery, with a follow-up period lasting up@o
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months (o.c.). Bewernick et al. (2012) argue that stimulation parameters vary between patients.
“Most patients were stimulated between 5 and 8t\@0aus, 130 Hz, monopolar” (o.c., p. 1978). They
also change the settings in individual patientsiwéide effects occur, or when there are unsatigfyin
antidepressant responses. First, the amplitudewetl by the pulse width, the selection of poles, an
then frequency changes. Responders had minorgettijustments 13 months after surgery, and non-

responders on average had more parameter chaillgats1st months after surgery (o.c.).

Current literature shows that there is a mean $itiom setting found with each experiment,
the voltage of which differs between research gsotfpwever, as Lozano et al. (2008, p. 466) argue,
the stimulation parameters to reach desired effeaty between patients. There is a variety in
electrode contacts as well as electrical stimutagettings chosen to reach the optimal antidepnéssa
response for each individual (o.c.). Another impottdetail for the research is the time to evaltiae
antidepressant response of a certain settingpibssible for the response to be progressive avey, t
or for an initial large effect followed by decay.¢g. Most research groups control settings
approximately 7 days after stimulation. Schlaeperal. (2013) argue that they want to have a
reduction in depressive symptoms of >50% for 7 dafger onset of stimulation. The simulation

continues after reaching this reduction (o.c.).

The descriptions of stimulation settings in literat are congruent with the descriptions given dyrin
the interviews. Researcher 2 explains three difteredements important during the analysis of
stimulation: voltage, frequency, and pulse widtls. Researcher 1 explains, “There is an idea behind
the settings of stimulation.” He does not disciresitiea, but he explains that out of the threerbffit
elements, the pulse width and frequency are stdbiang the experiments. Previous research has
shown that the stimulation needs 100 Hz, pulses@eond, or higher. He explained that they use 130
Hz in the treatment; this is similar to the meamastation setting of research by Mayberg et al 0&0
and Bewernick et al. (2012). Researcher 1 explhiatsthe voltage and the contacts that are activate
change during the experiments and psychiatristéuatea every change after at least one week.
Equivalent with literature, Researcher 1 explaheg they also test different settings for at |emst
week to know the effect. “This is necessary becasymptoms of depression are not acutely
measurable and you need to test whether the gifetings.” Physician 2 argues that, “We need to
understand the changes before we are able to miueDBS might give us the ability to observe and
analyse the exact changes and evaluate its in#uencdepression. It is possible to analyse the
disorder and the responses observed when stogmngjrhulation or changing parameters. However,
as Researcher 1 explains, “It is difficult to meassymptoms of fear or depression in an acute phase

and it does not mean that the effect is prolongeenithe disorder directly ameliorates.”

A disadvantage due to the unknown optimal settfogshe treatment of depression with DBS

is that the search for the optimal settings ismg lprocess. As Researcher 1 explains, the wholedoer
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to adjust the settings will take approximately gear. Although this is disadvantageous, and certain
settings can result in undesirable side effects,atso possible to stop or change the stimulattcamy
moment. Developer 1 sees this as a smart innovammmdvantage, and a possible way to overcome
side effects. Researcher 2 explains that “A certamin area is switched off during stimulation;
however, we can stop the stimulation when thisdeadundesired consequences. The brain area will
work like it did before stimulation.” In additiow the advantage of overcoming side effects, Pleysici

2 thinks that DBS will have fewer side effects thmedication due to the specificity of the treatment
“DBS makes it possible to treat a certain area @/needication influences a whole system,” he states.
The trial and error phase to search for desirablautation parameters that are suitable for an
individual patient remains part of practice. It u@bbe beneficial for the patients when there iseam
stimulation setting determined that be a startintnpfor the stimulation and taken in the scenarios
previously presented. However, this is not plaesitl the moment, and the very long trial and error

phase described in the scenario remains the otilgrofor the time being.

5.2.2 Select Patients Based on Well Defined Criteria

The patient selection is the main issue concerttiegembedding of this technology mentioned in
literature as well as during the interviews. Stad® investigate DBS for depression construct sgver
inclusion and exclusion criteria. For example, tbgearch performed by Lozano et al. (2012) includes
men and (non-pregnant) women with an age of 30-&&rsy diagnosed with nonpsychotic major
depressive disorder. The onset of the first epistaeld be before 35 years. The patient need fersuf
from chronic depression with documented resistames least four depression treatments in a lifetim
and documented resistance in the current episoda tinimum of three adequate depression
treatments and at least six ECT sessions. Peoplte psiychosis, past intracranial neurosurgery, or
depressive episodes with atypical symptoms wer&udgd from the study (o.c., p. 317). In the first
study by Mayberg et al. (2005, p. 657), “Patienesenselected for surgery because they were resistan
to all available therapeutic options.” The inclusiand exclusion criteria used by other research
groups, for example Malone et al. (2009, p. 268)samilar, regarding the documented resistance and
the contraindications.

The issue of patient selection was considered bintrviewees. Physician 2 asks, “Depression is
heterogeneous, so how can we know whether DBSoiidantial for one patient and not another?
Who will receive treatment and who does not?” Hgues that it is very hard to define for which
patients DBS would be beneficial. Congruent with literature, all interviewees agree that only the
severely treatment-resistant depressive patientalldhbe treated with DBS (at this moment).

Researcher 1 explains that “There is no actuahdigin for treatment-resistant depression, but we
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have defined it as patients treated with two différtypes of SSRIs and SNRIs, one TCA (with
lithium), one mao-inhibitor, and a series of 12 E@€&atments.” Next to inclusion and exclusion
criteria to select the extreme treatment-resistatheepatient should also understand the treatnsoht

understand that there is no guarantee of succedditignal exclusion criteria are, for example,
dementia, schizophrenia, bipolar depression angigchosis. This is comparable to inclusion and

exclusion criteria in literature.

For future scenarios, Researcher 1 argues thatolitd be the same patient group and the less
severe depressive patient would not be treated BES.” He thinks that it would not be possible to
extend the indication for treatment with DBS beeaiiss not achievable to incorporate it into the
current health care system, and it would becomesxpensive. Other actors | have interviewed share
his view. Physician 3 agrees that the selectiorldcbe a problem at the moment; however, when a
multidisciplinary team of psychiatrists, neuroswgg, and all others involved agree that a patent i
eligible for a DBS treatment, this patient shoudd tipe option to choose DBS. This view includes the
acceptance of DBS at an earlier stage in the pogtfar example similar to ECT. Physician 1 does
not agree with this. He argues that ECT is effeciwnd beneficial and therefore “DBS should take
place definitely after ECT.” He states that everewbBS is beneficial, the costs-benefit analysik wi
probably show that ECT should be performed befd&D

For the previously discussed scenarios, it is otiyemore plausible that DBS will be
included at the end of the protocol. The incluseomd exclusion criteria, similar to the current
experimental phase, should be included in the smEnaVhen DBS shows to be beneficial, it is
plausible to apply these criteria for patient siédec In view of the scenario, for example biomaske
inclusion, it can become plausible that a multighkicary consult concludes to consider DBS at an
earlier stage in the treatment of patient with depion. Alternatively, they conclude to excluddaiar

patients from DBS, for example those who do nos@né a certain level of cytokines.

5.2.3 Incorporation of DBS in the Insurance

One of the primary issues for actual embedding BERas a treatment of depression is the insurance.
A treatment needs incorporation into the insuraystem. Health care providers 1 and 2 explain that
insurance bases on science and practices in chete Tre guidelines before a treatment becomes
insured. A new treatment needs to be evidence-beféective. The most important experiments taken
into account are randomized controlled trials apstesnatic reviews by different research groups.
Health care provider 2 explains that the two qoestiasked to evaluate a treatment for coverage are,
‘Is it effective?’ and ‘Is there something elsetgthg the same?’ Overall, the most important thing

to create a balance between the side effects @andaitmful and non-harmful effects. “There needs to

be a medical necessity and the intervention needshow effectiveness,” explains Health care
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provider 1. However, as Health care provider 2 asgtiThis can be difficult with DBS for depression,

because it will take a long time before you knoe #lctual results.”

Physician 1 argues that you need to be very dritimcause “When DBS is insured for too
many patients and the procedure shows low effictty,health care sector will bite its own tail”.
Thus, acceptance for too many patients can havegatine result on the total positive outcome.
Health care provider 1 stresses this as well, lscaasults of the treatment will go back to the

insurance company and they can reconsider thegocation of DBS within the insurance.

Literature does not outline the insurance and ptssimplications that could prevent
embedding of DBS for depression. Different cousth@ve a variety of regulations in their insurance
systems, but | will focus on the possibility of unance coverage in the Netherlands. Accordingéo th
interviews with the health care providers, the @olio embed a technology like DBS for depression
requires care. However, it seems plausible to enibi88 for treatment-resistant depression in the
health care system and insured after further reBeaith more evidence-based results. Although the
previously created scenarios will not change, tiseiiance companies can apply certain rules to the
insurance coverage and these rules require todbeded in the scenarios, such as the hospitals for
treatment and the inclusion or exclusion criteoa patient selection. Beforehand evaluating these

aspects is useful to include it in the design anbexlding scenario of the technology.

5.3 It Might Become Plausible to Embed DBS for depressn
Literature and interviewees present DBS as a pessiblution for treatment-resistant depression.
However, questions concerning patient selectiomiregfurther research before embedding of the
technology seems plausible. The goal of this clapss to analyze the current health care pracfice o
depression, and possible scenarios for inclusiddBS in psychiatric care of depression. Based en th
current technological possibilities and the curmexperimental set-up, | suggest that it is plaestbl
embed DBS in the care of patients with treatmesitstant depression. However, there are several

aspects making the introduction still difficult five time being.

Literature and interviews discuss that the triadl @mror phase to search for the desirable
stimulation parameters is difficult, and differstween individual patients, including a different
protocol and time span for each patient duringsisa&rch for optimal stimulation. It seems plausible
with more research to give rise to guidelines fegrage settings to start stimulation. Although ¢her
are uncertainties and trial and error will remarmagtice for now, this will probably not hinder the
introduction of DBS. More knowledge about the station settings might have an advantageous

influence on the outcome, and maybe on the duratioine procedure.

Another difficult issue in the scenarios is theigmatt selection. There is no actual definition for

treatment-resistant depression and it is unknovwmnchwpatients will benefit from DBS. The inclusion
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and exclusion criteria constructed in studies bffjedint research groups, and explained by the
researchers in the Netherlands during interviews, semilar. For now, it seems plausible for the
patient selection process to be similar to curceitéria used in experiments. It seems plausiblelb
that technique such as MRI or biomarker measurertemfluence the inclusion criteria will be
included in treatment scenarios in the future. Havethis is less plausible for the time being,

because there is no guarantee that these techeshdi be beneficial.

Insurance companies can give guidelines for embgdii the care practices, resulting in a
small change of the scenarios, which | consideugitde in the current proposed situation. Although
all interviewees argue that DBS will only be po#sitor the severe treatment-resistant depresdig, t
could potentially change over time. It seems plaleghat DBS starts as a treatment for a very fipeci
group, but it can be desirable to change this where information and knowledge is acquired about
the treatment and its effect. However, the inteveles believe that it will never acquire the same
status as medication. The plausible scenarios catdpeith the experimental settings will not include
DBS in an earlier stage for now, partly due to ldk of proven effectiveness and partly due to the
lack of acceptance by insurance companies. DBS a®@d enhancing technology, as DARPA
suggests for military personnel, seems implausiislevell. Not only due to the limited knowledge
about brain regions involved in depression, bub alse to the lack of proven effectiveness for the
severe depressed patients. DBS as a non-medidadajgm seems perilous, this is further discussed
in the next chapter.

Overall, the clinical practice will change after medding a new treatment option to treat
patients with depression. A new treatment migholve different actors in the psychiatric work figld
for example, in the case of DBS, the neurosurgagishave to perform the surgery and implantation.
The practice of psychiatrists will partly changeedio an extra treatment option for depression. It
seems plausible to add DBS for depression to theemuhealth care system, but more research is
necessary to define the patients who can be indlémtethe treatment as well as to define stimutatio

settings.
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6.Desirability

Desirability is the third and last part of the a&sseent developed by Lucivero et al. (2011). The
Merriam-Webster dictionary defines desirability &5 “having good or pleasing qualities or
properties”, and (2) “worth seeking or doing asadageous, beneficial, or wise.” This assessment
focuses on how the impact of a hew technology isnatively evaluated by the actors (Lucivero,
Swierstra et al. 2011, p. 136). Dobbs (2006) claitmst DBS shows an incredible rate of effectivanes
in very severely depressed patients. With thisestant, he underlines the desirability of the
technology. Lozano and Mayberg as well claim, dyram interview in 2015, that the technology
seems desirable, because “It should offer a léelim people who might otherwise be doomed to

endless despair.”

Lucivero et al. (2011, p. 137) argue that the usideding of the benefits of a new technology
do not need to be unanimous, different issues mighience users’ evaluation of the technology.
Physicians and patients, for example, may haveffareint view on what constitutes a desirable
treatment; different values might influence theaceptance of DBS for depression. DBS raises
questions concerning issues such as the impactiby lde, practical routines, experience of their
bodies, power relations, and responsibilities. €hssues might have an influence on the desinabilit
Pressing ethical issues can cause a non-acceptargcpossible that different actors accept DB&as
treatment for depression, but this acceptance doeguarantee ethical acceptability because of the
values of an individual actor. | investigate theegutance of DBS treatment by issues discussedeby th

different actors during the interviews.

The issues | discuss in this chapter are qualitifefpersonal identity, informed consent, and
enhancement. | have chosen these issues base@ aiistiussions during the interviews. Literature
considers other ethical implications as well, butill only focus on the discussions of the intewie
to overcome speculations. Mainly due to time camsts, | have taken the expressed values of
different actors for granted and do not investightetechno-moral change. The given arguments are
used to investigate the pressing issues that niightence the general desirability of DBS as a
treatment for depression, and answer the quest#it,plausible for DBS to be a desirable treatinen

for patients with depression?’

6.1 Implications that Influence the Acceptance of DBS ¥ Different Actors
This section will show an analysis of the issuealitof life, personal identity, informed conseamd
enhancement. | compare the issues as discussaddhd interviews with the ethical literature on
DBS. | used literature specific on DBS for depressias well as more general on DBS. Similar to the

previous chapter, | quote interviewees and mostéythe shared arguments.
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6.1.1 Improvements in Quality of Life

The first concept | discuss is the quality of lifdthough not directly questioned, different asgect
discussed during the interviews could influencedgbality of life. The aspects | consider influehta

a patient’s quality of life are the battery life thfe device, possible changes in social life, add s
effects. | focus on these issues based on thesdimas | had during the interviews. The battery has
the potential to influence the life of the patieWwhen a non-rechargeable battery is implanted, the
patient needs surgery every time the battery dithough this is inconvenient, the alternative,
rechargeable battery needs charging every day.aRdss 1 states, “It is possible that a batterydsee
to be recharged 1-1,5 hours a day, and that is m@gnvenient for the patient.” A patient has to
incorporate this habit in his daily life and rows and has to sit next to a charger every day for
example after dinner or in the morning. Each patam develop his own routine, but all patientsenav
to remember to recharge to prevent a relapse adépesssion. Some patients would not consider this
a major issue, but the patient should considerdiiadvantage before implantation. This makes the

patient able to reflect and adjust his daily roesiafter implantation more easily.

Another aspect is the potential change in theicglahip with relatives—especially romantic
partners. Patients suffering from severe depressi®nn many cases, dependent on their relatives d
to their diminished social life. Less depressivelifegs might influence contact with relatives and
friends positively, but it can have negative consgges as well. There are cases in which patiedts a
their partners have separated due to the suddemgeha the patient. In a case outlined by different
researchers during the interviews, one particuddiept became more active after treatment. This new
situation was difficult for the partner and leddcseparation. Although Researcher 3 sees this as a
negative side effect and undesirable, it can batipreed whether living with a depressed persohes t
life someone desires or not. As Researcher 1 cJaiie will not keep someone a bit depressed to
make a partner happy; we treat the patient.” Oljetiaé changing social life of a patient might
possibly influence the quality of life. More resgainto this topic is necessary to investigatesthaal

life after DBS for patients with depression, busiplausible that this might influence the desiigb

For patients with treatment-resistant depressioetet are no currently accepted treatments.
DBS can cause harm due to surgical risks, and therepotential side effects of the stimulation.
However, as Physician 2 argues, current treatmmmth as antidepressant drugs or ECT have side
effects as well. A major side effect of ECT is la§snemory. Physician 2 does not consider memory
loss beneficial, but if the patient has recoveredart from his depression, he could decide forskiin
whether to continue treatment or not. The situat®similar for DBS; the patient has to consider
whether side effects of DBS are worth the benefftshe therapy. Patients might make decisions

partly based on quality of life grounds, and affibet overall desirability of DBS for depression.
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I will compare this idea of most interviewees abboiv the overall quality of life will improve, even
with the possible consequences for daily life i@ $cientific and ethical literature. Literatureedaot
discuss the battery issue, but there are discussibaut the effects that DBS has on the life of the
patient (social life and side effects). Lozano let(2008, p. 461) claim that patients with treattren
resistant depression have a decreased qualityfeofitid an increased rate of mortality caused by
comorbid disorders and suicide. There are diffeaspects that might influence a person’s wellbeing—
for example, the treatment’s influence on the ddifeof a patient—and these aspects should bentak
into account with the discussion of quality of litélannon (2009, p. 290) gives an example of a IDutc
patient treated with DBS to overcome tremors whe Wigiced to choose between loss of motor
control and mania (a side effect). The choice wetsveen two evils, and in the end, the patient

decided that being on the stimulator was bettar tieang off (o.c.).

Wells et al. (1989) have studied the quality of i a group of patients with depression, and a
second group of chronically ill patients. The outeoof this study shows that the depressed patients
rate their quality of life worse than other patiemto. Depression has a significant impact on the
quality of life; depressed patients often feel ptgity impaired or have less desire to maintainiaoc
relationships (Naumann and Byrne 2004, p. 162).n€dg et al. (2011) show in their research that
physical function improves in an earlier stadiurmpared to social functioning and emotions (o.c., p.
507). Although there is an improvement in the oNefanctioning, it is unknown whether most
patients consider physical or emotional functioningre important. | can imagine that the feeling of
emotions is important for patients with depresstdowever, no study questions this aspect, and more

research is necessary to analyze the desirablet bfised on quality of life grounds.

6.1.2 Personality Changes after Electrical Stimulation

The interviewees compare personal identity chandeBS with other treatments. Developer 1 argues
that different antidepressant drugs may have uretkside effects and result in a change of behavior
or mood. Similar risks are involved with electrictimulation in the brain, but it is easier to mgea
the effect. Similar to stopping or changing medaat the physicians can stop or adjust the
stimulation when admissible effects occur. “It ssgmhave a more direct influence on the brain, but
mood and behavior will probably change in all cdsetsites Developer 1. He argues that treatment of
depression will always induce a certain change thitquestion is whether or not this is a change of

personality.

Only Physician 3 believes that we need to evalpatsonality changes during stimulation
treatment. He argues that the discussions congeafianging emotions influence the acceptance of
DBS, especially for society and patients. It isacl¢hat you want to change some aspects in the

emotional state of a depressed person, but Phgskiasks, “It remains an ethical question to what
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extent do we change someone’s personality in areifit personality?” The psychiatrist needs to
evaluate all occurring effects of DBS on the patiercluding physical, social, and emotional

functioning, and analyze the ‘normal’ for each indual. The psychiatrist should also evaluate the
desirable and undesirable effects of the stimutatio the patient, and his behavior. Consultingeclos

relatives of the patient might help to evaluate‘tteemal’ of each individual patient.

Physician 1 counters personality changes by clarthat “Someone’s personality will remain
the same. The tolerance towards impulses mightgehdut someone’s actual personal characteristics
remain.” Researcher 2 argues that the aspect sbpality in cases of patients with Parkinson’s
Disease is different considering patients with dspion, probably due to implantation being in a
different brain region. Researcher 2 argues thaugition will include a change of personality teet

premorbid state, but that it is difficult to deténe the desirability of the change.

Researcher 3 argues that depressive patients happy due to a suppression of their normal
emotions, and that DBS can help to stop the supjmresind restore the emotional state of that patien
However, he explains that it is possible for paseo get out of control. He argues that “We need t
find the balance between depression, normal, ahafocontrol.” The patient has to experience the
feeling of ‘normal’ with stimulation (Researcher. 3j that is possible, it might influence the
desirability. As | already suggested, the psyclsaand the patient need to search for the ‘normal’
during an evaluation of the depression. Togethey ttan determine whether an effect is desirable.
Concluding from the interviews, personality changesy remain a pressing issue in the care of all
patients receiving DBS treatment, but particulanlases of severe depression. Even though change

of mood is often desirable, a change towards mamat.

The possibility of personality change is one of itinest discussed ethical issues with DBS in litaggtu
probably because the problem of personal idensitgreated by taking changes as a negative side
effect (Synofzik and Schlaepfer 2008). DBS canltéata mood change, but in some cases, this side
effect is the desirable effect. Several ethicis$subss personality changes that potentially accompa
DBS. Schermer (2011, p. 2.) states that “Someeatttanges that DBS can bring about in personality,
cognition, behavior, or mood may actually be soughthe patient and be the goal of treatment, for
example mood improvement in depression.” Thoughhgha in cognition, behavior, or mood are
occasionally objectionable, some are unproblematid even desirable with neurological disorders
such as depression. As argued by the interviewedigihns, literature as well state that DBS can
restore the personality of a patient with depressmits premorbid state (Johansson, Garwicz et al.
2011). The important question with DBS is not wieetbomeone’s personality changes, but whether a

patient perceives himself as different when comgp#wehe pre-depressive period.
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Kraemer (2013) discusses personality with DBS imegal, and claims that patients are trying
to feel like themselves for the first time in thives. If someone feels like ‘himself’ for thedtrtime,
this implies that the patient perceives himselffeddént. Kraemer (2013) goes on to discuss the
experience of the patient after stimulation notdasirable or non-desirable, but she argues that
patients like to have the chance to ‘be who theylyere’. Quoting one patient, “In my previouselif
before stimulation, | did not dare to do such tkinglive a well-adapted life; a life which | novees
was never really mine” (o.c., pp. 758-759). Kraen(®0®13) suggests that patients may perceive
themselves differently, but feel more like themsslvThis makes the process to search for the
preferred stimulation settings and the ‘normal’ @fpatient even more difficult. It should be
determined beforehand how the physician and thematome to a final verdict about the desirable
stimulation settings. It is important that the patiplays a role and indicate his preferences. Kewe

the psychiatrist should have a verdict as well stmare this with the patient.

Another question is not whether or not there isi@nce of personality change, but whether or
not the patients see this as a problem. Lipsmah €2009) have investigated the alteration or lufss
personality by patients before and after neurosyrgegeneral. They found that personality change
was not usually a concern for the patients; thenrnancern of the patient was about the surgickéris
(o.c.). A patient once argued, “I can’t worry abthet at this point ... the positive aspects ofilngv
this operated on far outweigh any concerns | hédegiapersonality changdb.c., p. 379). | think that
someone might have a change in mood or behaviopamd with the depression, but possibly not
compared with the situation before the depress$itil, it is acknowledged that DBS might resultan
personality change. Therefore, it is plausible tthet discussions of DBS for depression present
personality change as a pressing issue for thehyists as well as the patients. This discussion
should include the possible conflict between pasiemd psychiatrists to set the desirable stimardati
A search for the ‘normal’ for each patient is nseeg, but the standards of a patient can potentiall

shift, resulting in a different preference of thegation settings.

6.1.3 Mental Competence Makes Informed Consent Difficult

Patients must give a voluntary informed consenttlfigr entire DBS procedure in order to receive
treatment. This includes all aspects of the surgeny the steps before, and all stimulation steps as
well after surgery. In addition to the procedute patient should be aware of the risks and passibl
side effects regarding surgery or stimulation.iderviewees see the aspect of an informed corasent
required. A DBS treatment under duress is not ptessiaim Researchers 1 and 2, a patient needs to
give his informed consent. The remaining questiorihie case of treatment-resistant depression is
whether someone is competent to make such a ded@sio give his informed consent. Researcher 1
does not consider this problematic, and says thkhdugh depression can result in a negative view,

someone with a depression is in principle mentalynpetent to make decisions.” In contrast,
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Researcher 2 believes that informed consent is thoee difficult, and says, “We have to be attentive
to the decision-making capacity of a patient, goganfluenced by the depression.” He explains that
in some cases the situation seems desperate f@athent, influencing the capacity to make a well-

thought-out decision.

Health care provider 2 sees this vision of lasbmeas a possible problem as well, and claims
that “When someone is already suicidal, he wouttbably have no problem with DBS.” He argues
that the treatment-resistant, and probably suicfitients would take every opportunity. Therefdre,
remains important to give the patient all availali€ormation about DBS and the possible
inconveniences. This allows the patient to makeléédrate decision and not grab every opportunity
without thinking it through. The interviewees afirae that the majority of patients with treatment-
resistant depression are capable of giving inforrmedsent with or without the consultation of a
relative, and they consider the physicians capabf@oviding all available information that can pel
the patient make a decision. However, the idea @& might be the last resort for the patients is

plausibly influential for the desirability.

For the most part, literature agrees with this vewhe interviewees. Nuttin et al. (2014, p. 3oal
claim that an accurate informed consent of DBS sgchiatry is necessary. “The patient should
understand that neurosurgery for psychiatric deeims for a symptomatic treatment of psychiatric
impairment, but may not be able to ‘cure’ the dsgeprocess.” The physician has to be careful with
his description of the outcome, and makes the piatie/are that there is the possibility that he migh
not benefit at all. Although a physician is capadfi@roviding all relative information, various tacs
might influence the decision of the patient. Scharif2011) discusses instances when an informed
consent for DBS as treatment for depression caprbkelematic. First, she argues that it can be a
desperate decision because of the hopeless situatithe patient. The decision to undergo DBS
treatment is probably at the end of the treatmewtiopol, and patients often feel that there is ti@o
option left (0.c.). This statement concurs with #nguments some of the interviewees about lasttreso
treatment option. Second, media report might causaise of hopes and expectations of DBS to
unrealistic levels (o.c.). | do not consider thgsaalarge problem when the physicians make themntati
aware of the risks, benefits, side effects, andtditions. Third, different neurological disorders o

comorbid disorders can challenge the patient’'s @ieme to give an informed consent (o.c.).

Appelbaum (2007) studied the decision-making cdpaof patients with depression. He
argues that it might not be as problematic as sbelieve. There are legal standards for decision-
making capacity for consent to treatment, including ability to communicate about a choice, the
ability to understand the relevant information, #ielity to appreciate the medical consequences and
the situation, and the ability to reason abouttineat choices (o.c.). Before informed consent, the

responsible physician should evaluate a patiemtapetence in order to protect him from negative
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consequences. Appelbaum (2007, p. 1835) claims“Daly patients with impairment that places
them at the very bottom of the performance curveukhbe considered to be incompetent.” It is
possible that severe depression results in incampet but a physician has to determine this foh eac

individual patient, and may consider contactingtiees in order to do so.

Overall, the literature and the interviewees vahe capability of physicians to provide all of
the information for a deliberated, informed consélttis deliberated process has the potential be
problematic for some severely depressed patiehisefore, a physician should determine the
decision-making capacity before the informed cohsEime impression of the psychiatrist considering
the mental competence of the patient might resulcansequences for the patient selection. For
example, in a case where the patient is not compeiegive informed consent, resulting in a difftcu
position for the physician. In such a case, thelpsyrist has to decide whether to withhold the DBS
treatment from certain patients, even though theghtmbenefit from the therapy. It is not very
plausible that the discussion of informed consem aompetence for consent will influence the
desirability of DBS for the patients because tkislready practice in the current health care syste
but it can have consequences for psychiatristatagidview of desirability for the embedding of suc
a treatment. Physicians should consider this adpdote the embedding of the technology and reason

how to cope with difficult situations.

6.1.4 Improve the Mood or Capabilities of Healthy Individs

Mood enhancement was not discussed spontaneoushgdbe interviews, but when | asked for the
opinion of the interviewees on enhancement po#s#sil the reactions are similar. The interviewees
see DBS as a treatment only for patients suffefrioig an ailment, and in the case of depressiory, onl
for the treatment-resistant. However, Developeoisiers mood enhancement an interesting ethical
guestion, because patient selection is not staimtar@&nd requires specifications before embedding
into the health care system. “All speculations mfiancement, including improvement of function and
the erasing of memories, is tricky business andffecudt issue” states Developer 1. He leaves the
subject open, but sees the question ‘Why we willtreat other patients?’ as something difficult to
answer. Researcher 3 argues that “DBS will havetard, but it is too premature to implant every
child with electrodes to overcome disorders or inpr capabilities.” He is very clear that he only
considers DBS possibly beneficial for patients vittkatment-resistant depression. We should not use

such a technology as a normal treatment for aiéptst and surely not for healthy subjects.

In contrast, ethical literature regarding DBS frextly discusses the issue of mood enhancement.
Synofzik and Schlaepfer (2008, p. 1516-1517) athae DBS in psychiatry has the potential to open

doors into more applications in the future. Possibkamples of these applications would be to
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ameliorate psychiatric disorders, as well as enhamood and cognition in healthy individuals.
Kraemer (2013, p. 760) also claims that it is gassthat “One day DBS may even be used for
enhancement purposes.” Synofzik and Schlaepfer8(3001517-1518) contradict this claim with the
use of the bioethical criteria of beneficence, nmdeficence, and autonomy. With respect to these
issues, they conclude that DBS is not yet readystfor mood enhancement purposes. One of their
counterarguments is that the risk of harm weighgshmmore in the potential case of enhancement
(o.c., p. 1517-1518). A patient with treatment-s&ant depression is more likely to benefit from DBS
than a mentally intact person. There is currently any evidence that shows effectiveness for
enhancing mood or cognition of healthy individu@s.). Although they see no evidence, Liao (2014)
presents the expectation that DARPA will use DB&¢at psychiatric disorders in soldiers, and once
that is possible, to use DBS to fortify soldiershds by the detection of emotional reactions. éadly
discussed in the previous chapters that this eapents seems technologically as well as socially no
plausible. Overall, there is a concern of enhanceémagsed in literature, but | think we should tette

this as a pressing issue for the time being. Ergraeat is not justified in the current health care
system as well as not plausible to become desidal#do the harm it can cause in healthy indivislual
Ethics should focus on the plausible use of DB&netogy, thus use in clinical settings. It seems no

plausible to accept the use of DBS technology tmane healthy individuals.

6.2 Issues that might Hamper Desirability
The goal of this chapter was to assess the plditisithiat DBS for depression is generally considere
as a desirable therapy. On one hand, the papecerong experiments present this treatment as a
promising and wanted therapy. On the other hanerettare several ethical issues discussed in
literature that concern DBS in general, and soneenaore specific to DBS for depression. | have
compared the issues discussed during the interviewilss literature. Based on these two sources of
information, aspects of quality of life, personglitinformed consent, and enhancement seem
influential on the general acceptance of DBS. Epahient’'s quality of life requires continuous
evaluation during treatment to analyze whether arthe quality of life changes. Quality of life is
primarily important for the patients, but psychsts are responsible for considering this issue and
evaluating the depressive state of the patientillliremain an important issue, and the understagndi
of specific values of patients is possible with iiddal interviews. A weakness of this thesis ie th
lack of interviews with patients. In addition, inder to investigate the quality of life in detdiyther

knowledge about the long-term effects and sidecesfef DBS for depression is necessary.

Several ethicists discuss the issue of personehigynge as something problematic in general,
but inherent in cases of patients that are recogdrom depression. In contrast, the interviewess d
not consider personality change as problematihéntteatment of depression. The interviewees are

unequivocal in stating that the personality doesaimange, but that the patient has the potential to
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become, or at least feel like, his actual self mglhe remaining difficulty is determining ‘normddr
each patient. It is likely that identification dfe& normal remains a pressing issue in the disaussio
considering the desirability of DBS for depressidor, example, in cases where a patient and a
physician have a different idea of a desirable @ug As shown in literature, patients have the
potential to feel like themselves for the first éinm their lives, and experience this as desirdtle,
that is probably not the ‘normal’. All effects caaisby the stimulation require attention and neeokto

examined in order to determine which stimulatiottiisgs are optimal for each patient.

Informed consent is an important topic, and diseddsefore almost every treatment within
the health care system. All interviewees agreeitifatmed consent must be included. However, this
probably does not result in any difficulty, becauseis already practice in current care and
experimental settings. With respect to DBS, th&adilty lies in answering the question of whether o
not a depressed patient is mentally competent tertfze decision to participate in DBS treatment.
Interviewees and literature agree that depresseenpmare capable of making a deliberate decision
for this radical treatment. However, it is possilide competence to be affected by depression.
Therefore, the mental competence of patients shioeldvaluated in all cases. This procedure might

influence the psychiatrist, who may choose to wottitthe therapy from certain patients.

Enhancement is currently not justified in the Healire system. It seems unacceptable to use
DBS as an enhancement technology to improve modtbanognition in healthy patients. There are
discussions concerning the option of mood enhancerbeit we should not focus on this issue for
now. As before discussed, | suggest that the DARRAectations to use DBS as a preventive
technology implausible. More knowledge about thairbiprocesses involved with the disorders and
the influence of DBS on different brain regionsrégjuired before the issue of mood enhancement
could become plausible. | consider the idea to eeddhe mood too speculative, thus, to overcome
speculative ethics, we should not focus on enhaanein current (ethical) discussions considering

DBS for depression.

Health care currently has procedure for and apjptiesmed consent, especially for the more
radical treatments. DBS might become a radicalagherfor patients with depression and probably
only accepted for treatment-resistant depressitiorrhed consent, and the evaluation of a patient’s
mental competence to give such consent, both rgame attention, but they do not comprise the
most pressing issue. Although a change of emotistete seems desirable, issues of personality
change and quality of life remain important. The/gbsatrist needs to investigate all effects of
stimulation on each patient’'s behavior. | consideyausible that the issues of mental competence,
quality of life, and personality change influenbe desirability of DBS treatment; however, a more
substantiated answer to the question of desiralsgiquires further research, including an analgsis

the values based on a higher number of intervieittsdepressed patients.
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7.Conclusion

The goal of this thesis was to analyze the deditaloif DBS as a treatment for depression. | have
done this by investigating the plausibility of tegpectations of DBS treatment with the use of a
plausibility assessment developed by Lucivero et(2011). This approach was to overcome the
problem of ethical research going along too easilth speculations about new technological
developments. This thesis has focused on an asadfghe expectations in scientific literature and
media. | have performed a literature study and reg¢vaterviews to answer my research question,
“How to assess the desirability of current expeictad about Deep Brain Stimulation as an emerging
treatment for depression while avoiding speculatethics?” With this question, | wanted to
distinguish between plausible and implausible etqiems, and gain knowledge of how to assess the
desirability of DBS for patients with depressiorheTanalysis of the plausibility of expectations
provided guidelines to define the most pressingcathmplications and helped to develop an agenda

to guide the discussion about this technology.

To investigate how to evaluate the desirabilitg finst step was to assess the plausibility of
the expectations about DBS for depression. Thesassnt consisted of three different parts, namely,
assessing the technological feasibility, socialbiigy, and desirability. First | investigated the
plausibility of the expectations that this techrgylawill evolve as a treatment for treatment-resista
depression, and whether the devices might impr@eacerning the technological feasibility, | suggest
it plausible that the expectation that several etspef the technology will improve in a short ondp
time span, as described in literature. Concludinognfthe interviews, | consider it plausible thag th
recharging ability of the battery will improve atitht the size of the stimulator will eventually ued.
Aside from the improvements of the stimulator, $uage that the electrodes will change, and thereby
the electrical stimulation possibilities as wells€éems plausible that electrodes with 32 or 64aube
will be developed and used. | assume that this niigprove the specificity with which the physician
adjusts the stimulation.

Although | can conclude from literature and intews that technological improvements of the
hardware seem plausible and beneficial for theeptdj there is a problem concerning the knowledge
about the connection between the brain and depresBaken from literature, | have discussed several
hypotheses for a selection of the different braieaa suitable for treatment. Currently, there is no
consensus on a specific brain region, methodsléztstne ‘right’ patients are lacking, and scietstis
specify each research in different brain areas. éfffextiveness varies greatly and the use of differ
brain regions makes comparing the result of akaesh difficult. | assume that the heterogeneity of
depression makes the choice for a brain regionl@nedtic, but the lack of knowledge and consensus
makes the procedure for treatment difficult as w&d the researchers argued during the intervigws,

is unclear at the moment which brain region withyde the highest effectiveness and whether or not
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this might differ from patient to patient. | coneidthe expectation that one region will be found
suitable for all patients as implausible. Overidle technology seems plausible for use, but | clansi

the application in depressive patients as a cutréadt and error process. As already discussed, it
seems evident that more knowledge about the brairtlee stimulation is required before it becomes

plausible to use this technology in a regular bfgishe treatment of depression.

The second part of the assessment focused onrttenglion of social usability, in which | investigate
the current practice in care of patients with dsgien, and developed different possible embedding
scenarios for DBS as treatment for depression.dBasdhe current experimental settings, | sugdest i
plausible to embed DBS for depression in the chtesatment-resistant depression at the very end of
the treatment-protocol. All interviewees see tlsstlae best option. In this embedding scenario, it
seems plausible that the potential treatment pobtaould be similar to the experimental settings,
including the issues of brain region and patietgcd®mn on which there is no consensus. The overall
treatment of patients with depression will remamilgr; there is only a change at the end of the
protocol. In according to the interviewees, | cdesiit desirable for patients that DBS might give
them an extra chance to recover. Although it isetbimng new and the work field might change,
considering the interviews, | assume psychiatnigts accept this high-tech procedure when shown

effective.

Next to the plausible script based on experimesédtings, there are some more radical
scenarios including expectations of the future.rétse no results published at the moment, but some
research includes imaging technologies, such as kbre the implantation. Researchers might use
this to compare outcomes of treatment in a ceva@tin area. The researchers | have interviewed
consider imaging helpful to increase the knowledgeut the brain areas involved, and the influence
of stimulation. Due to a lack of information, | adade that it seems currently implausible to embed
DBS for depression in a patient personalized wagluding the use of MRI to determine the brain
region for implantation. | consider it plausibler fa hospital to specialize in one procedure, and

possibly implant the electrodes in one brain redarall treatment-resistant depressive patients.

We can anticipate some difficulties in the plausibtript. There is a phase of trial and error
before defining the optimal stimulation settingsst this trial and error phase is time consuming,
concerning the different actors | interviewed, hsider it implausible that this phase will hold tiye
introduction of DBS. However, this phase can affetient’'s experience and the practical procedure.
Second, before embedding, health care insurancepamuas need to accept the treatment and
incorporate this in insurance coverage. Accordmthe health care providers, this is a plausildg st
when the technology is effective. It also seemsgiltde for the insurance companies to include gerta
criteria for coverage, such as hospital of chore jpatients included for treatment. Third, the guati

selection remains a difficult question for the edtdiag as well. Based on literature and the
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interviews, | suggest that it seems most plaughe DBS will only become an option for treatment-
resistant depression. Physicians who are respeniibithe care of a patient with treatment-resistan
depression use a set of inclusive and exclusiver@isimilar to current experimental set-ups. fher
time to come there are many uncertainties thatuemite the possible embedding of DBS for
depression. The selection is difficult and onlyngall number of patients is included in the différen
trials. The effectiveness of these studies vaddarge extent, making it difficult to determine ether

or not it could become included in the insurance.

The last part of the assessment was to discusglahbsibility that all participants involved conside
DBS plausible. As | have shown in the previous tlgpit is not likely that all of the ethical
implications discussed based on the speculatiomstdbe technology are pressing issues. Some issues
seemed important, but different actors | intervidwiel not consider these as problematic. One of the
mostly discussed implications is personality charfidesre is a consensus that personality change is
something problematic, but inherent in the casé&edtment-resistant depression. Physicians | have
interviewed claim that DBS treatment for depressidhinduce a change in the patient, but not ia th
personality, the patient will only regain his adtaelf. Although interviewees and some ethicists in
literature argue that DBS for depression does aase personality change, but restore the ‘normal’,
defining this ‘normal’ remains difficult. Not disssed by physicians, but | assume that this can
become a difficult issue for the psychiatrists vitawe to determine which stimulation settings aee th
best for a patient. It is possible that a patieid ‘better’ than before, and that he believes tia
settings work for him. It is discussed during tinéerviews that psychiatrist might agree with the
patient, but it is also possible that psychiatridtange the settings to find out which settingsores
the ‘normal’. | suggest that physician consultatiges, possibly before the stimulation as well as
during the search for the optimal stimulation segi. However, it is still possible that a patiergfers

a different outcome. | can conclude from all of thecussions in literature and during the intendew
that personality is a difficult issue that mightlirnce the desirability of the treatment for patseas
well as for physicians and possibly other actansmly opinion, the issue personality change needs
some consideration during the design of the treatmpecess, and especially before the embedding in
psychiatric care. Psychiatrists have to create réaice‘protocol’ how to deal with the observed

changes induced by electrical stimulation.

Other issues discussed in the literature and dufieginterviews were quality of life and
informed consent. Quality of life is not discussicbctly during the interviews, but seems primarily
an issue for patients. However, the psychiatristvelved as well and should analyze the quality of
life with the evaluation of the depressive statehaf patient. | consider it as a remaining impdrtan
issue. In cases of severe surgical side effeatsqtfality of life can decrease and thereby make DBS

less desirable. However, | consider it plausibkt DBS creates an increase in quality of life dwe t
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the suggested positive influences on the life patent with treatment-resistant depression. Howeve
we should still be careful with this assumptionsidering the lack of evidence on the effectiveradss

DBS for depression.

The issue of informed consent might be difficulthie case of psychiatric disorders because of
a possible decrease in the mental competence te aedisions. The possibility that a patient with
depression is mentally incompetent is low. | coesithe issue of informed consent as implausible to
lower the desirability for the patients, but certaispects are important for the psychiatrists. The
psychiatrists have to consider these aspects beftening patients (and relatives) about DBS, as
currently done for almost all medical treatments.rtéeds to determine which information and advice
he should give the patient, whether or not theepétis competent to make a decision for the
treatment, and possibly the psychiatrist might haveonsider withholding a treatment form a certain

patient.

Although ethicists argue on several concerns ardiure, the interviewees did not seriously
consider mood enhancement as an implication of DBf®. technology is justified only for patients
and not for improvements of ‘healthy’ persons. dgume mood enhancement not as a pressing issue
in the current situation and does not require siolu in discussion considering the desirability of
DBS. Although DARPA expects that the investigatarDBS for psychiatric disorders might evolve
in treatments to prevent disorders, | consider thmplausible. There is already a doubt with the
technological feasibility, implying that we shouldt consider this aspect as plausible accordirigeto

assessment method. Only the use of DBS in clisetiings seems a plausible expectation.

| have investigated the plausibility of the exp&otas of DBS as treatment for patients with treaitne
resistant depression. The current expectations dbB® as a desirable technology for treatment-
resistant depression. However, considering theetlttemains of technological feasibility, social
usability, and desirability, there are some isswéh these expectations. As previously discussed,
there are several expectations of future develofsnench as a closed-loop system or advancements
induced by imaging, which are seemingly implausibeforehand and too futuristic. Therefore, |
suggest that the most pressing issues we needltm@in an ethical agenda for further discussien a
brain region selection, patient selection, perdgnahange, and quality of life. First, consideritinge
issue to select the optimal brain region for treattml conclude that it is not technologically fides

at the moment to define the most effective regmrsfimulation. Secondly, another difficult aspirct
the domain of social usability is the patient setec DBS might become an extra option (of last
resort) only for the treatment-resistant deprespatgents, but there is a lack of knowledge abbat t
suitable selection criteria. Thirdly, a pressingiedl implication, especially with DBS for Parkimss
Disease, but possibly for depression as well, isqgmality changes. | suggest that all affect the

personality and the quality of life might influenttee desirability of the treatment.
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| suggest that these issues might influence thizaddity and therefore need our attention in
discussions concerning DBS for depression. Theoowtcof the discussions can possibly influence the
design and/or embedding of the treatment. Furtesearch on DBS treatment for depression is
required as well. This thesis has shown brain regielection and patient selection as pressing
problematic issues that require research as wallistsissions considering embedding. These issues
can provide information about the desires of défgractors to the designers. | see an increasarof o
knowledge about the brain, and the patients, aeaessary step before the embedding of this
technology becomes plausible. This research prdvigdp to define some guidelines in the protocol

to use the technology after embedding.

Several ethical implications require our immediateention before the embedding as well,
resulting in an ethical agenda. | suggest thaterbfit actors have to consider and develop an
understanding how to deal with the effects DBS tyiaghe patient's behavior and mood (possible
personality change) or quality of life for examplde idea to dismiss issues like mood enhancement
during the discussion is necessary to avoid spteelathics. We should focus first on the posdib#i
and the pressing issues before expecting a fanthgtire for DBS for patients with depression.
Finally, to assess the desirability | suggest fomuon different issues during the design and the
embedding phase of the technology. The brain regiwh patient selection are influential for both

phases and need our immediate attention beforeilv®eus on the ethical agenda.

7.1  Reflection on the Thesis
In the previous chapters, | have analyzed the [iditxs of the expectations about DBS for
depression. Here | will give a reflection on thHigdis and discuss the used assessment as wedl as th
interviews. Followed by some ideas on how to overemr deal with the possible obstacles for the

embedding of DBS in psychiatry and possibly infliggdrfor the desirability.

7.1.1 Value of the Used Assessment Method

The method | have used in this thesis is an assedsnfh expectations developed by Lucivero et al.
(2011). The goal of this thesis was to analyze hovassess the desirability of DBS as a possible
treatment for patients with treatment-resistantreggion while avoiding speculative ethics. The
assessment gave the ability to investigate the sjildity of expectations, and analyze the
technological feasibility, social usability, andsitability. The goal, as described by Lucivero kt a
(2011, p. 130), is to create tools to improve thistemic conditions for the reflection on desirdpil

of new and emerging technologies. They strive tachethis goal by developing criteria and
procedures to avoid the speculative aspects, amhbyuraging the imagination of actors involved in

the new technologies (0.c.). The question is whethis was a suitable assessment to use in my
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research or not. The three steps of this assesgyaget me some guidance in the analysis of DBS
treatment for depression. However, | could not guenf all steps in depth in the time span of this
thesis. It was difficult, for example, to encouratlpe imagination of the actors involved in the

interviews. The actors were interviewed in the begig of the assessment and at this point, | had no
yet created the speculative scenarios for the dutucould not encourage and only used the existing
and less imaginative, scenarios for questions. rfeav, | took the expressed ideas and values for
granted, however, further research could focushernrhagination and analyze whether or not | should

change the conclusion in view of potential techrarahchange.

A difficulty with the assessment is the overlapssiues within different dimensions. Take, for
example, the difficulty of brain region selectioihis aspect can be seen as technologically
implausible, but it has implications for the embieddf the technology in the psychiatric care al.we
From a technological aspect, it can have consegsemar the effectiveness, but it can have
implications for the patient selection after embaddf the treatment. It is difficult in this assegent
to know in which dimension we need to include daierissue. Thereby, all different issues discussed
in the technological feasibility and social usapitthapters can have an influence on the desitabidi

well. In spite of the small difficulties, the asse®nt was suitable for this thesis.

The assessment to assess the plausibility seetablsuio answer the question of this thesis. It
is helpful to assess the technological and socistales in order to exclude the more speculative
aspects of the new technology—for example, by tpkimly the feasible technological developments or
scenarios for care into account. | can concludettie expectation for the technology to be sensible
and detect signals of depression is implausiblevéder, this improvement will cause fewer side
effects what can make DBS less harmful and morgatds. | suggest that, due to the implausibility
of this technological development, we should nkéttnis issue in further discussions; the assedsmen
method suggests this as well. We should focus erféhsible technology, and if and when sensible

detection becomes possible, take this aspect atouat then.

| think that the assessment could give guidanamone stages of the development. | suggest
using this assessment in a later stadium of theldpment and possible embedding as well. More
research is currently being conducted, some of lwhicludes MRI as a useful tool. The results of
these measurements are not published yet. If # gogve to contribute additional value, the imaging
step can be important and result in improvements@ftechnology and/or treatment. It is possible to
use the assessment used in this thesis againvahae the plausibility of rising expectations.is'h
step will give guidelines to assess the actualrdetity by different actors. However, this lastripa
remains a difficult step, to disentangle desirpaind plausibility. The assessment not directbeas
the desirability, it assesses the plausibility spects or expectations that might influence the

desirability. This plays a role in the whole asagsst, but especially in the last domain.

-78 -



Assessing the Plausibility of the Expectations AHOBS for Depression CM van Leersum

7.1.2 Involving more Actors in the Interviews

The primary remark regarding the interviews is theduld have done more interviews, and it would
have been especially beneficial to have interviesitis patients. | have reached a couple of reseasche
and physicians involved with the experiments of OBiSdepression, but the number of physicians not
involved with the research was already small. Altiio | interviewed psychiatrists who were not
involved with the experiments, they had a highrieein the technology. It is possible that thi§ e
different when | would have had the opportunityrtdude more actors. Regarding the patients, it was
very hard to contact patients with depression.viehaied to reach them via forums for depression or
via patient organizations, but | did not have amgkl | still think that via these organizationsthe
best option to contact patients. A different apploavould be helpful as well, however, via
psychiatrists in the hospitals it is only possifaleontact the severe depressed patients. A plitgsibi
maybe via an institution where less severe patiargdreated, to place an announcement with a call
for interviews for example. Another option is to keaa survey. Although the survey would be
accessible to more people and the threshold tinfithis survey is lower, the information acquiied

smaller and it is not possible to ask for explaoai

In spite of the small number of interviews condddter this thesis, the questions asked were
usable for the analysis (see appendix B). | upd#iedquestions after each interview and adjusted
them to the actors in question. It may have bedpfuileo perform a part of the interviews before th
analysis and another part during the analysis ineHart to stimulate the imagination of the
interviewees. It was fine for this thesis, but le future, | suggest performing some interviews in

later stadium to investigate certain aspects inendetail, and provoke the imagination of actors.

7.1.3 Dealing with Possible Undesirable Obstacles for Edding

The aspect of brain region selection extensivebguised in this thesis, but a remaining question is
how to translate this problem to clinical settingsssume that there are different options to rendl
with this aspect if we want to embed DBS before enkmowledge is acquired. The first option is
similar to the current experimental settings. Eholpital exclusively implants the electrodes in one
brain area. This would increase the physicianskadge of that specific area, and the outcome of
stimulation of that specific area. However, thigghtiintroduce difficulties for the patient selectio
and the advice a physician gives his patient(sis lbossible that one hospital might not include a
patient due to the selection criteria, but anotiespital with an implantation procedure in a differ
brain region might include this patient. In ligHtthis theory, should the physician inform the pati
about other procedures in other hospitals, possilifly an implantation in a different brain region?
This would make it more difficult for the patiemspecially because it is currently unknown whether

treatment in a different brain area is more berdfithan treatment in another. To overcome the
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problem of advice, a hospital might choose therotipgion. The physicians will not specialize in one
brain region, but be knowledgeable about severssipte spots for implantation. Although it seems
beneficial to have a patient-specific treatments ils currently not plausible due to the lack of
knowledge about depression and the brain regiomshied. This makes it more difficult in the

information a physician can give to his patientwttibe reasoning for choosing one area over another

This is not the only aspect that can make the wbithe psychiatrist complicated. In current
care of patients with depression, the psychiatosily enter the operation room for an ECT. If and
when DBS might be embedded in the psychiatric gasgchiatrists would have to enter the operation
room for a more radical procedure. Their weeklytiriwould require adjustments to accommodate
this long surgery. However, the surgery is probaldy a standard occurring event in their weekly
schedule, so this needs some attention. Besidestine logistic difficulty and adaptation of the
psychiatrist to a surgical procedure, the psycisiathave to learn to work with the new technology.
This includes treatment options, all risks and fbsenefits, and the whole procedure before and
after surgery, including selection of the patieatsl the determination of stimulation settings. The
neurosurgeon would implant the devices, with whdm psychiatrist would have to build a
professional relation. They need to communicateutiiee surgical procedure for each patient before
the treatment, and the neurosurgeon might be aldedist and advise the psychiatrists during the tr

and error phase to determine the stimulation ggtin

The psychiatrist and neurosurgeon are probably inmtbived in the selection of the patients
before surgery. However, the criteria for selectiragients can change over time based on results of
new research. The hospitals have to respond tatidsneed to change practice when necessary, for
example in the case of the introduction of imagm¢he process for selecting patients for treatmient
suggest that this makes it even more difficultdgrsychiatrist to explain when DBS is not beneficia
for a patient. Shown effectiveness in an earliadisim and more patients included could introduce
new obstacles. Most interviewees consider thisaomgible at the moment, but some make suggestions
that DBS can obtain a similar position to ECT ie theatment protocol. We do not have to consider
this issue as pressing, but DBS in an earlier stadnight introduce other difficulties. The seleatio
probably becomes even more vague. Thereby, patremitd ask for this treatment during ‘failing’
pharmacotherapy. Especially in such a situatiom pitiysician might have a difficult task to advibe t
patient and determine the grounds for exclusiormynopinion, this seems a less desirable situation

for the patients as well as the physicians.

This situation can cause some friction, but alsmgared to the current care of patient with
depression, DBS can cause friction. | considerfdéwe that DBS comes with many new working
conditions plausible, but DBS will require a diéet evaluation of the conditions of the patient.
Electrical stimulation will cause several effedts;luding effects on the behavior and mood of the

patient. All of these effects need to be evaluated;only the personality, but also all other eféethe
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stimulation has on the patient and his qualityifef [This is probably similar to treatments withugs

or ECT, but a difference is easy adjustments ahudaaition settings. With this, the effects are
changeable, possibly resulting in a conflict betwt® desires of the patient and the interpretatain
the psychiatrist. As discussed before, the psyasiawill likely search to regain the ‘normal’ ofie
patient, but the patient can have a different viaawd likes the ‘better’. These different desires can
result in a friction in the relationship betweertigat and psychiatrists. To overcome undesirable
situations, psychiatrists could make a kind of @cot for himself for how to cope with a situatiam i
which the patient has a different opinion than plsgchiatrist about the stimulation. The relatiopshi
does not change in the way that he involves theeqgain the treatment procedure, but the patient
might have a larger role in the evaluation and s@ep of the treatment (in this case, the change of
stimulation settings). The role of the relativeggmibecome larger as well, as they can provide the
psychiatrist with information about the ‘normal’ tife patient before the depression. | assume that i
might become common practice to develop a profildhe patient’s personality before the depression,
before DBS treatment starts. However, in all cages psychiatrist needs to inform the patient about
the process after surgery as well as how he wiluate the depressive state and conditions of the
patient. This makes the informed consent even rimppertant, but can reduce the possibility that the

patient and psychiatrists end up in a conflict migithe treatment process.

In spite of these ideas to deal with certain olbstafor embedding, the actual use of DBS in the car
of patients with treatment-resistant depressiostils not possible. As already discussed, the dctua
embedding seems problematic due to difficultiesdohnological feasibility, especially the brain
region selection but also the patient selectiom [gessing difficult issue. To assess the desitgbil
suggest focusing first on research for clinical tsémprove the knowledge about depression and
DBS, and the influences on the brain. Althoughrisider it plausible to embed DBS for depression in
a way that is similar to the experimental settinlpg issues of brain region and patient selection
probably influence the desirability of the treatmein agenda including these issues considering DBS
for depression could provide the acquiring of marewledge about the desirability. Possible
influential ethical implications, such as persayathange and quality of life, might be includedhie
agenda for assessing the desirability as well, kewdirst more research and knowledge about the

technology, the brain, and treatment possibilisagquired and might help to guide the arguments.
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Appendix A — Expectations about DBS

The success of DBS as a treatment for Parkinsoisea®e or Obsessive Compulsive Disorder, may

give the impression that there are inevitable cgmeeces on the scientific and medical progress

(Gardner 2013). Expectations of DBS as a treatnfienfpatients with depression can occur and

influence the scientific, public, and ethical domalhere is a possible overlap between the three

groups and therefore | chose to include the expientapublished in scientific papers (within the

scientific domain), expectations published in pulgapers (within the public domain), and ethical

expectations published in academic papers (witténethical domain). An overview of expectations

about DBS for depression and arguments that maytresspeculations affecting the three different

areas is given in this table.

Scientific area

Public area

Ethical area

“The effect of surgery on the patient
clinical symptoms and signs (¢
depression was dramatic and occur
after insertion of electrodes” (Jimene
Velasco et al. 2005)

fentails brain surgery shows preliming
reqgromise  in  treating intractabl
zdepression” (Trudeau 2005)

's'Now a revolutionary treatment that“Quality of life may actually decreas

rafter surgery, even when physig
esymptoms improve” (Schermer 2011

“Although DBS to the nucleu
accumbens did not ‘cure’ the
depression, it remains the on

treatment option so far that h
minimized levels of depression
many years and many differe
treatment attempts” (Schlaepfer, Coh

et al. 2008)

5 “An incredible rate of effectiveness i
rpatients so immovably depresse
ly(Dobbs 2006)

aS

n
nt
en

n“Changes in behavior, mood,
dtognition caused by DBS might res
in changes in personal
(Schermer 2011)

identity”

4]

DI
It

“DBS is adjustable and stimulation
reversible. These features incred
safety and may offer advantages
both the efficiency of the therapy ar
its acceptance in the patient, medig
and psychiatric community” (Lozang
Mayberg et al. 2008)

s‘Regardless of how it panned out in
1selinic, Mayberg and Lozano’s DB
ostudy is already changing ho
dheuroscientists and psychiatrists thi
ahbout depression” (Dobbs 2006)

héDBS can change a patient's men
Sstate in a groundbreaking way
w(Kraemer 2013)
nk

al

“It is less invasive, fully removable
and adjustable” (Synofzik an
Schlaepfer 2008)

, “Clinical and behavioral effects wer
drobust, the procedure was safe,
correlative imaging results support
the initial hypotheses” (Mayberg an
Lozano 2008)

g

eThere is a conflict of interest. “Eve
nithough companies may economical
egsupport a clinical study to benefit t
dinterests of the patients, it is undenia
that a legitimate commercial interest

et al. 2014)

making a profit coexists” (Nuttin, Wu

n
ly
e
Dle
in

“The results of this multicente
investigation of DBS of the VC/V{
region provide encouragin
preliminary evidence of a sustaing
therapeutic effect in an otherwig
highly treatment-resistant populatiof
(Malone, Dougherty et al. 2009)

r “Images from popular fiction such 8
5 One Flew Over The Cuckoo’s Nest
g The Manchurian Candidate (...) m3
sdnfluence the public perception ¢
DBS” (Schermer 2011)

»

n

1s‘Mood enhancement brought about
pDBS does not really improve wel
ayoeing” (Schermer 2013)

f

Py
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“Successful treatment of a seve
treatment-resistant depression w|
verified functional modulation of th
major afferent bundle of the LHb|
(Sartorius, Kiening et al. 2010)

réThough the total number of patients
tistill small, we are encouraged by t
s results” (Patoine 2012)

is'lt could possibly be used not only fq
hameliorating psychiatric disease stat

cognition in  healthy  subjects
(Synofzik and Schlaepfer 2008)

but also for enhancing mood and

r
es,

“The findings of this study support th

long-term safety and antidepressa

efficacy of subcallosal cingulate DB|
for TRD and suggest equivalent safe
and efficacy for TRD in patients wit
BP” (Holtzheimer, Kelley et al. 2012)

e“Deep brain stimulation is emerging
r viable option for treatment-resista
isdepression” (Moss 2013)
ty

h

as“Doctors should limit themselves f{

that into the realm of enhanceme
(Schermer 2013)

o]

ntreating disease and not wander beyond

t

“SCG appears reasonably safe 4
shows considerable promise in helpi
patients with TRD” (Lozano, Giacobh

et al. 2012)

ntbBS has shown efficacy whe
ngargeting different regions in the brai
eand this may be explained by the ve
heterogeneous nature of depress
symptoms” (Moss 2013)

h“Feelings of authenticity that can ari
hunder treatment deserve respect
rgentral preference of some DB
igmatients (...) feelings of authenticit
and alienation under treatment is
considerable heuristic value

healthcare professionals and ethicis
(Kraemer 2013)

for

5e
as
S

y
of

s

“DBS to the NAcc has demonstratg
sustained antidepressant effects o
up to 4 years in a small sampl
(Bewernick, Kayser et al. 2012)

rd'Unintended side effects have al
vepurred new uses of this poor
s'understood technology (...) obesity h
become an enticing target for DBS
(Fisher 2013)

sdPatients have to give their voluntal
lyand fully informed consent (...) thi
asnay be problematic for sever

5"reasons” (Schermer 2011)

[

Al

“LMFB-DBS might be a safe, highly
efficacious alternative method fq
treatment-resistant depressiq
associated with a rapid onset of actig
(Schlaepfer, Bewernick et al. 2013)

“The most radical breakthrough is de

rbrain stimulation (...) absolutel
nastonishing results with people wi
nfailed every other kind of treatmen
(Solomon 2014)

epln DBS for psychiatric indicationg
y modification of personality is not al

"the ethically decisive question is n
whether DBS alters personality or n
but whether it does so in a good or h
way from patient's very owrn
perspective” (Synofzik and Schlaepf
2008)

ainwanted, coincidental side effect (.].

~

ot
Dt,
ad

“Although the technology has becon
more refined, deep brain stimulation

psychiatric complications as well 3
high costs” (Horgan 2014)

still associated with surgical risks anpdabout

né'Alteration or loss of identity wag
igenerally not a concern for patier
to undergo a neurologic
asoperation” (Lipsman, Zener et 4
2009)

ts
al

“People who had been sufferin
profoundly (...) were now describin
feelings of rejuvenation, of lookin
forward to something new an
exciting” (Wrobel 2015)

g
0
S]
d

“It should offer a lifeline to people wh
might otherwise be doomed to endlg
despair” (Lozano and Mayberg 2015)
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Appendix B — General Questions of the Interviews

This overview is a representation of the questiosed in the different interviews. However, the
guestions were partly different between the actoctuded in the interview. The questions were
reconsidered in advance of each interview, withpitaticular actor and information gained in pregou

interviews in mind.

General Questions

- Could you shortly introduce yourself?

- Are you involved with the treatment of patients twitlepression? If yes, can you tell
something about the disorder and the patients?yBanoutline the treatment procedure of
patients with depression?

- Are you known with Deep Brain Stimulation as a tneent for depression? If yes, can you tell
something about the use?

0 When and how were you introduced to this technd?ogy
o If using, why did you start using DBS as a treathiendepression?
0 What are your expectations considering this treatfhe

Technological feasibility

After some general question | will continue wittetmore technological aspect, the current devices

used as well as the possible improvements andrdudeselopments.

- How do you see the current development of DBStasaament for depression?

- What is the used procedure of the treatment wittredesion? Who is responsible for which
part of the procedure? (who, when, where, how?)

- When DBS is used, to what extent is the protocal gpply comparable to other hospitals
(including patient selection and procedure)? Ifr¢hare differences, what is your opinion
about this, how do you consider these controve?sies

- What are the main technological difficulties in theplication of DBS for depression?
(electrodes, battery, brain region, patients?)

o0 Isit plausible that these difficulties would hald the introduction of DBS?
o Do you have an idea to overcome these difficulties®? plausible that engineers will
overcome the difficulties?

- How does the application of DBS for depression teelto other technologies under
development (like TMS)? Is there a possible contipetiin experiments, developments or
something else?

0 Which technology requires extended developmenbir ppinion? Which technology
is the most plausible to become used in the fututiee treatment of depression?

Social usability

This part consists of several questions about sieeamd possible embedding of the technology. | will

investigate the current care as well as the passitzictices with DBS for depression.

- What is the current procedure to diagnose and degatession?
0 Which therapy is chosen in most cases? Why?
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Which circumstances might lead to a treatment DBRS?
0 Which patients are currently included in the prace@ How do we determine this
and by whom?
0 Might this selection of patients change in the fetuHow and what will differ?
Do you consider DBS as a beneficial treatment &igpts with depression? Why?
o Do others (physicians, engineers, patients) prgbabhre this opinion with you?
What is the vision of patients who were alreadyuded in the experimental phase?
Do you have any sources for this or is it mainlgdzhon your own experience?
0 Which factors or persons could influence the gumngsl for the embedding of DBS in
the current treatment?
Can evidence-based effectiveness lead to an umgmaltic embedding in the psychiatric care?
Where and by whom will the treatment be performed?
0 Which possible problems or difficulties do you rgoize already?
0 Can the embedding of DBS result in a shift of theent care?

Desirability

After questioning the technology and social imgimas | will continue with several questions

considering the desirability of DBS for depressiomnvestigate the plausibility that it might bec®m

desirable treatment option.

What consequences would DBS for depression int@duacfor example the life of the patient
or in society? (In case of discussion about pasitionsequences only, try to question the less
desirable consequences as well)

o Do you consider these consequences desirable?
To what extent will different actors consider DBSapromising desirable technology which
we should accept?
To what extent might DBS replace current treatmeptions? Do you consider this as
desirable? Why?
Which conditions should become included in the DEB&tment before the medical field will
consider it as beneficial?
Do you think that patients see DBS as a promisegjrdble technology?

o0 Why would they or why would they not?

0 Can you think of objections patients could have?
One of the discussions considering DBS for Parkitss@isease is personality change. Do
you consider this as a problematic issue concefdB§ for depression? Why?

o Do you recognize certain other ethical implicatidos the acceptance of DBS for

depression?

Closing guestions

Finally | will end with short questions to end tinéerview

How do you reckon DBS as a ‘normal’ treatment apfior patients with depression? And do
you consider this as desirable?

Do you have anything to add to this interview?

Do you have any suggestions who | should interviewt? (developers, physicians, patients,
organizations, etc.)

Would you prefer to receive the thesis when finikhe
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