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Introduction 

The thought-provoking concept of 'Implanted Minds' can be addressed 
from quite different interdisciplinary perspectives, such as from the 
clinical and basic scientific fields, from biomedical ethics and the 
philosophy of mind and brain science. In focusing here on some of the 

This article is a substantially revised and augmented version of a paper, 
which the author gave at the workshop "Implanted Mind? The 
Neuroethics of Intracerebral Stem Cell Transplantation and Deep Brain 
Stimulation" at the University of Duesseldorf (Castle Mickeln) on 
November 7th, 2008. I wish to thank the Alexander von Humboldt 
Foundation and the Montreal Neurological Institute for their financial 
support during the research phase of this project. Dr. Thomas Haelbig 
(Paris) gave important scientific input regarding the modem neuro-
stimulatory methods; the librarians and archivists of the Osier Library of 
the History of Medicine of McGill University (Montreal) helped to find 
crucial archival material and historic images and, last but not least, the 
discussion with the participants of the workshop in Duesseldorf helped 
significantly to expand further on the historiographical argument within 
the ethical contexts. Furthermore, the author wishes to thank Ms. Donna 
Hill and Mrs. Beth Cusitar for their assistance with the editing of the 
English language of this chapter. 

1 A number of authors have already addressed this problem. Their writings 
might be consulted for introductory purposes to the ethical problem 
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early research trajectories of Deep Brain Stimulation (DBS) since the 
1930s, the current chapter adds another view to the discussion and puts 
forward a history of medicine and neuroscience perspective regarding 
the ethical problems involved. It thus develops further in a recent ex
ploratory paper by the author, which appeared in the journal 
Wuerzburger medizinhistorische Mitteilungen and which focuses on the 
issue of medical manipulation during the technological development of 
modern neurostimulatory approaches (Stahnisch 2008). It will be 
argued here that some of the ethical considerations - that can be 
historically identified and contextualised throughout their contemporary 
trajectories -took their origin from primarily collaborative programs. A 
critical assessment must therefore follow them back into the respective 
subdisciplines in creating a fuller understanding of the particular ethical 
problems and limitations at hand. 

It is the aim of this chapter to trace some of the modern neuro-
manipulative approaches from deep brain stimulation further back to 

4 
their historical development, while comparing some modern DBS 

(Metzinger 1996; Bimbacher 1996; Galert 2005; Schoene-Seifert et al. 
2009). 

2 In this earlier article, an in-depth comparison between recent 
neuromanipulative DBS approaches and historical methods has been 
provided. It has thereby shown that electrophysiological stimulation 
approaches were developed - following the Second World War - and 
began to crucially change the functional capacity of the human brain. 
Many contemporary debates regarding neuroethical applications therefore 
appear problematic in significant respects: Of major concern, for example, 
is the increasingly blurred conceptual boundary furnished by the complex 
relations between clinical research, therapeutic intention and physiological 
restitution. This problematic relationship has been studied by a number of 
other scholars (Vollmann 2000; Bockenheimer-Lucius and Kettner 2005) 
and will serve as a central vantage point for the current article as well. 

3 With regard to the manifold ethical considerations involved, readers are 
deferred to a recent study of the author, co-written with members of a pilot 
group, including Jonathan Kimmelman, Andrew Fenton1 Alan Fine, Eric 
Racine, Lynette Reid, Mary Sunderland, Walter Glennon, and Ian 
Mitchell, supported by the Canadian Institutes of Health Research (CIHR). 
It addresses "States of Mind: Emerging Issues in Neuroethics" and focuses 
especially on ethical considerations in the invasive treatment options in 
Parkinson's Disease (PD). A number of problematic relationships from 
that ethical field also impinge on discussions of deep brain stimulation 
(see Kimmelman et al. 2009). 

4 Introductory historical accounts written by neurologists or neurosurgeons, 
often portray this development in a simplistic form as a mere success story 
for neurological patients, without paying attention to the serious ethical 
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programs with those 'outmoded' methods for electrophysiological 
alteration of the human cortex and deep brain structures. In the first 
part, an overview on current-day deep brain stimulation methods and 
some of the ethical problem fields shall be given. In the second and 
more extensive part, central trajectories of neurostimulation research 
since the 1930s will be described and put into context. Shortly before 
and right after the Second World War, deep brain stimulation 
approaches were developed by neurologists and psychiatrists such as 
Otfried Foerster (1873-1941) at the University of Breslau (Germany), 
Wilder Penfield (1891-1976) at McGill University in Montreal 
(Canada), and Robert Galbraith Heath (1915-1999) at the Tulane School 
of Medicine in New Orleans (United States of America). These 
individual approaches eventually converged in the resulting methods of 
deep brain stimulation as they are practiced today. From placing the 
diverse DBS developments in a comparative perspective with the often 
differing stances on patients' consent (Roelcke 2004), their relation to 
public media perception (Diefenbach et al. 1999), or the preparation of 
research funding requests to government agencies are analyzed within 
respect to the ethical framework in which these programmes historically 
progressed (Dees 2004). In so doing, the historical exposé will also 
include methods and approaches, which the recent discussion might not 
recognise as 'deep brain stimulation' in the accepted sense of the term. 
By mapping out the foundational biomedical and technological advances 
some significant connections, important co-developments and con
tinuing ethical problem fields will become evident. For particular 
structural reasons, this divergent set of approaches marks one theoretical 
tradition in the neurosciences that comprised of similar practices and 
technologies being later transferred into a number of contributing 
working groups. Finally, in the last part of this chapter, the respective 
neurostimulation approaches shall be discussed with a view to their 
impact on patients' integrity, autonomy and the precarious doctor-

conundrums that henceforth pertain to the health care system (Krauss and 
Volkmann 2004.) 

5 Scholars like Alan Baumeister have pointed to the seemingly different 
ethical situation of the early neurostimulatory approaches developed in 
university hospital settings between the 1930s and 1960s (Baumeister 
2000). 

6 The preferred target areas in recent deep brain stimulation programmes 
are, for example, the Thalamus system and the Globus pallidum region 
(Agid 1999; Kupsch et. al. 2003). 

7 Although quite different interdisciplinary perspectives were involved in 
the historical field of neurostimulation, they nevertheless included similar 
structurally ethical conundrums (see Fins 2004). 
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patient relationship. While viewing neuroscientific trajectories from a 
seemingly synoptic perspective, the ecologies of moral decision-making 
on the part of some prominent historical protagonists, such as Wilder 
Penfield or Robert G. Heath are explored and thoroughly compared to 
present-day neuroscientific and ethical perspectives. Moreover, those 
types of ethical problems which relate to the altered historical relation
ship between doctor and patient indeed raise key questions about the 
ethical status of 'informed consent', by pointing to the worrisome and 
meandering course that has shaped the boundaries between neuro
scientific research interests, clinical applications and therapeutic 
strategies. 

Modern Neurostlmulatory Approaches in the 
DBS Context 

In this section, a brief overview on the neurostimulatory approaches of 
the last twenty years is provided, where disciplinary history editorials, 
neurological concept papers, or summarised introductions by neuro
logists (such as Krauss and Volkmann 2004) to be the paradigm 
historical narrative of their field. Similar views figure extensively in 
précis chapters and textbooks on deep brain stimulation and display no 
substantial difference between the comprehensive accounts in the 
German and English-speaking literature (Demeter 2007; Rzesnitzek 
2008; Tarsey 2008; Talan 2009). 

Sporadically, these authors connect some of the recent developments 
back to earlier neurophysiological work, such as the laboratory-based 
stimulation approaches in the animal experiments of Gustav Theodor 
Fritsch (1837-1927) and Eduard Hitzig (1838-1907) (Fritsch and Hiuig 
1870), precursors of the gate control theory (Schiller 1990), or the 
somewhat accidental clinical discovery of the thalamus stimulation in 
pain treatment (Tasker 2001). But, these accounts mostly neglect im
portant forerunners and predevelopments which belong to the epistemo
logica! big picture of Deep Brain Stimulation8 as well as the ethical con
cerns of the therapeutic approaches in specific clinical contexts? 

8 Such epistemological concerns include, for example, an insufficient 
knowledge of many deeper brain functions, the complex physiological 
network properties, or the inadequate understanding of accompanying 
emotional states in the respective patients (Farah 2005). 

9 The clinical context has been reflected most often in psychiatric literature 
with regard to the ethical conundrums of 'informed consent' for mentally 
ill and paediatric patients including the experimental nature of the method 
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Figure 1: Depiction of the motor centres of the cortex of a dog as 
published by Fritsch and Hitzig (1870) 

Source: Fritsch, Gustav & Eduard Hitzig (¡870) ,,Ueber die elektrische 
Erregbarkeit des Grosshirns", in: Archiv fuer Anatomìe, Physiologie und 
wissenschafiliche Medicin 50(1): n.pag. (Osier Library of the History of 
Medicine, McGill University, Montreal) 

These contexts are often not mentioned or, if they are, remain 
insufficiently addressed as will be pointed out in the second part of this 
chapter. 

For the sake of argument, it may suffice here to mention the broader 
historical background, while in the meantime describing some funda
mental developments in the short time period that modern neuro-
scientists take as their ultimate 'history'. Of course, these developments 
cannot be regarded in complete isolation from the general stunning 
progress of the neurosciences in the past decades, to which many 
protagonists of this interdisciplinary field have rightly pointed to (e.g. 
Rose 2005; Nutt et. al. 2006). Since the American Decade of the Brain, 
the general impact of the neurosciences has become a central focus of 
many ongoing academic and public discussions. Newly developed 
technologies for the external functional manipulation of the Central 
Nervous System - as in Parkinson's disease or the movement disorders 
- have received primary medical attention in this context (Blake 1999; 
Farah and Wolpe 2004; Morrisson et al. 2004). In the parallel bioethical 
debates they came to be viewed as extremely problematic, however, 
especially when questions of informed consent, individuality, or the 
patients' autonomy in decision making were taken into account (Farah et 

or similarities regarding clinical trials that make use of psychoactive drugs 
(De Vries 1999). 
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al. 2004). When the modem neuromanipulative approaches of deep 
brain stimulation are related to the now historical methods that sought to 
change the functional capacity of the human brain - developed after the 
Second World War - , it shall be argued here that many contemporary 
neuroethical debates appear problematic in significant respects: As such, 
a particular argument shall be made against the increasing view of a 
neuroethical exceptionalism, which is taken to favour a special account 
of ethical considerations regarding Central Nervous System research -
as put forward by Judy Illes and Eric Racine: 

"[...] with new and still-evolving insights into our neurobiology and 
previously unquantifiable features of profoundly personal behaviors such as 
social attitude, value and moral agency, the difficulty of carefully and properly 
interpreting the relationship between brain findings and our own self-concept 
is unprecedented. Therefore, while the ethics of genetics provides a legitimate 
starting point - even a backbone - for tackling ethical issues in neuroimaging, 
they do not suffice. Drawing on recent neuroimaging findings and their 
plausible real-world applications, we argue that interpretation of neuroimaging 
data is a key epistemological and ethical challenge. This challenge is two-fold. 
First, at the scientific level, the sheer complexity of neuroscience research 
poses challenges for integration of knowledge and meaningful interpretation 
of data. Second, at the social and cultural level, we find that interpretations of 
imaging studies are bound by cultural and anthropological frameworks. In 
particular, the introduction of concepts of self and personhood in 
neuroimaging illustrates the interaction of interpretation levels and is a major 
reason why ethical reflection on genetics will only partially help settle 
neuroethical issues. Indeed, ethical interpretation of such findings will 
necessitate not only traditional bioethical input but also a wider perspective on 
the construction of scientific knowledge." (Dies and Racine 2005: 5). 

There are important philosophical counter-arguments against the 
exceptionalism thesis of such "a wider perspective on the construction 
of scientific knowledge" (Bufford and Allhoff 2005; Stahnisch 2008). 
Also, many clinical similarities between the successive states of 
stimulation approaches in the neurosciences need to be taken into 
account, when they impinge upon other classical problems in thera
peutically oriented medical research. The individual case examples 
from contemporary and recent history of neuroscience that build the 
problematic context of this chapter definitely make us aware of its 
continuation whithin medical progress and patient ethics. In fact, it must 

10 This is classical problem is already discussed in an earlier publication by 
Dieter Bimbacher (Bimbacher 1994). 
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be seen as an intrinsically blurred conceptual boundary between clinical 
research, therapeutic intention, and physiological restitution, which is 
inherent in modern biomedical progress (Heinrichs 2006: 133-139). 

This problematic situation shall now be exemplified further by drawing 
on core applications for invasive surgical treatment (such as Deep Brain 
Stimulation) during the last two decades: Parkinson's disease and other 
dystonic movement disorders (Baltuch and Stern 2007). Such surgical 
approaches have emerged as an alternative treatment option to 
neurological practice and are most often used in disease conditions, 
where - for various reasons - only insufficient progress could be made 
with pharmacological, physical, or psychological means. For example, 
in current clinical research projects developed at the neurological centres 
of the Medical Faculty Chanté in Berlin - led by Andreas Kupsch - or 
the Mount Sinai School of Medicine in New York City - under Charles 
Warren Olanow - patients suffering from basal ganglia disease have 
stimulation electrodes inserted into the deeper brain regions, such as the 
Globus pallidum or thalamus nuclei (Kupsch et al. 2003; Morrison et al. 
2004).11 

Through the application of periodic high-frequency electric currents, 
typical tremor and dystonic movements can now be suppressed in 
conditions, where patients have often lived through very long periods of 
suffering and decreasing benefit from any pharmacological treatment. 
In the immediate post-operative phase, often enormous relief from the 
earlier condition can be solicited, and patients describe a near to normal 
restitution of their former motor functions and general health condition. 
In direct comparison to the earlier historical approaches, such thera
peutic options today have developed into relatively standardised forms 
of symptom control and therapeutic management, subsequent to the 
common knowledge of those clinicians and researchers who already 
have long-standing experience with such invasive treatment 
approaches. 

11 In Canada, particularly the group around the neurosurgeon Frank LeBlanc 
and the clinical neurophysiological laboratory of Zelma Kiss at the 
University of Calgary (Alberta) has gained the most experience with 
neurostimulatory approaches in various diseases of the basal ganglia 
system (Kiss et al. 2007). 

12 Wolfhard Winkelmueller argues that it was particularly due to the 
progress in surgical practices and the availability of new technology that 
such a therapeutic standardisation process has become possible 
(Winkelmueller 2005: 1078f.). 
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Figure 2: CT (2001) with full implantable electrodes in the brain, 
representing a research step in the scientific programme of Dr. Haelbig 

Source: Research project of Dr. Thomas D. Hülbig, formerly at the 
Department of Neurology, Charité - Berlin 

In particular, the advances in stereotactical operations and modern 
neuroimaging methods have offered better surgical control and reliable 
handling of the available DBS approaches which can now be accom
panied intraoperatively by highly sensitive electroencephalographic 
methods (see Wichmann and Delong 2006). At the same time, the 
pressing problem of an increased infectious risk could be addressed 
through the introduction of fully implantable neuroinvasive stimulation 
systems. However, although many technical advances in deep brain 
stimulation have been made over the last decades, a number of contem
porary neuroscientists admit that some major epistemic uncertainties 
remain. For example, there is insufficient knowledge about the func
tional influence of DBS on sensibility, long-term memory, or complex 
motor actions in patients (Haelbig 2005). This adds to considerable 
questions about the long-term effects of deep brain stimulation and the 
psychological changes that are associated with increased risk par
ticularly in suicidal attempts and depression (Benabid et al. 2005). 
Recent therapeutic approaches have endeavored to increase the 
individual autonomous modes of stimulation in patients enabling them 
to equilibrate and intensify the electrical currents according to their own 
specific needs. This is most notable in the increased use of hand 
apparatuses, despite the fact that in the past mostly predefined am
plitudes, impulse margins and electrical frequencies were used clinically 
(Volkmann 2007). It has now been acknowledged that for a long time 
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the therapeutic approaches in movement disorders had been strictly 
research-oriented or even research-driven. This is particularly true for 
the applications that were designed to find out the right locus of 
stimulation and effectiveness, a modulation of day rhythms, the 
adaptation of changes of behaviour and emotion, as well as patients' 
'decision making' processes (Haelbig et al. 2005). 

If one takes the foundational dichotomy between therapeutic and non-
therapeutic medical science closer into account, the electrostimulatory 
approaches become more questionable however and worthy of dis
cussion from a number of perspectives. It is argued that this proves to be 
true especially when one understands that Deep Brain Stimulation 
formed an integral part of clinical research when electrostimulatory 
methods were introduced providing common knowledge on the subject -
even if performed with primarily therapeutic intention. This per
spective makes it quite clear that in historical and recent cases, the 
research interests of the engaged scientists and medical doctors must be 
regarded as crucially relevant with the need to be observed in greater 
detail. Since the beginning of modern clinical neurology, observers and 
investigators had been interested in the general nature and aetiology of 
epilepsies, schizophrenias, or dystonic movement disorders, as well as 
situations in which "their motivation was strictly therapeutic". Further
more, the renowned American psychiatrist and neurologist, Robert 
Galbraith Heath (himself a specialist on seizure and schizophrenia 
research) articulates the same in his textbook Studies in Schizophrenia 
(Heath 1954: viii). 

This essential tension (for the technical notion see Kuhn 1977) 
between therapeutic treatment options and pressing medical knowledge 
interests has not gone unnoticed with the recent protagonists of 
neuroethics (such as Illes and Racine 2005). Reflecting on the structural 
problems of modem neuroscientific research, they have even identified 
it as a central research dilemma. This includes major efforts to under
stand the morphological complexity of the Central Nervous System, in 
addition to the continuation of epistemic uncertainties by means of 
experimental surgery approaches, and increased social applications with 
the potential risks of highly invasive and manipulative neurological 
methods (ibid. p. 15). When trying to develop a better understanding of 

13 The local situations and the constraints of clinical experimentation with 
therapeutic intentions have been contextualised by Martin Dinges, for 
example, who broadens the perspective from a narrow medical research 
perspective to an increased understanding of health conditions (see in 
Dinges 2004: 209-236). 
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these deeper epistemological and methodological issues, I now aim here 
at comparing the modem developments of electrostimulatory approaches 
in patients with Parkinson's disease and in patients with other movement 
disorders to those trials performed at clinical centres for electrophysio
logical brain stimulation since the 1930s and 1940s - particularly the 
Montreal Neurological Institute (MNI) in Canada and the Tulane School 
of Medicine in the United States of America. It will thus become clear 
that many of the modern-day approaches (concepts, neurostimulatory 
procedures, but also ethical concerns) are indeed based on the thera
peutic and research foundations that were laid by scientific teams under 
the Montreal neurosurgeon, Wilder Penfield - who was nominated four 
times for the Nobel Prize for Physiology or Medicine - and the bio
logical psychiatrist and neurologist, Robert Galbraith Heath in New 
Orleans. Even now, modem neuroscientists use very similar arguments 
when legitimising their research approaches, for example by appealing 
to the 'critical or incurable condition' of their patients and pointing out 
the risks of other alternative healing methods - such as brain tissue 
transplantation (as discussed in many other chapters of this volume). 

A Historical Comparison with the Clinical 
Trajectories of Brain Stimulation since 
the 1930s 

A more in-depth historical scrutiny of the early phase of brain 
stimulatory approaches is important for the argumentation of this 
chapter and it is necessary for two specific purposes: Firstly, there is a 
rhetoric of foundation, reaching back to the 1930s (Penfield 1975: 109-
114) and the early Post-war Period, becomes visible again in neuro
scientific research and therapy today. - Those deeper ethical and 
historical dimensions however, still remain insufficiently understood. 
Secondly, only the early 20th century stimulatory developments with 
their strong clinical orientation were able to generate the knowledge 
basis so that it could become possible to speak meaningfully of 
"Implanted Minds" (the topic of this edited conference volume) and a 
manipulation of the brain; thereby addressing new neuroethical 
questions of "mind control" or "psychocivilised individuals" as well 
(Delgado 1969). As I have described above and following the standard 
'self-image' of scientific workers in the brain stimulation field, there 

14 Both have already been the subject of numerous biographical publications, 
which however discuss their ethical positions only in passing (e.g. Lewis 
1981; Winstead 2000; Fradelos 2008). 
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seems to be a reluctance to include such individuals as the famous 
Breslau neurosurgeon, Otfried Foerster or his Montreal pupil, Wilder 
Penfield among the forebears of neurosurgical DBS programs (e.g. 
Krauss and Volkmann 2004). Current-day brain stimulation researchers 
might feel inclined to think that what their predecessors produced was 
only related to cortical surface stimulation and not to be regarded as 
deep brain stimulation at all. But, following their own writings and some 
of the patient records that have come to be published (e.g. Penfield and 
Jasper 1954; Heath 1961), a picture emerges that sees them instead as 
pioneers of a new technique of brain manipulation which came to be 
redefined with the advent of newer deep brain stimulation methods: 

The Canadian neurosurgeon, Wilder Penfield - who may not be so 
well known - principally learned his operative technique for neuro
stimulation during two extensive research periods with Otfried Foerster 
at the Breslau Clinic for Nervous Diseases and Psychiatry in 1928 and 
1931 (Feindel 1998). In the Breslau Clinic, his German mentor used the 
method of deep brain stimulation basically for treating schizophrenic 
patients and individuals with posttraumatic epileptic disorders - a 
therapeutic approach that in the future would be included in Penfield's 
programme with its emphasis on research into the functional localisation 
of the human cerebral cortex: 

"Foerster's clinic [in Breslau] is above all a clinic in which therapy takes first 
place. Syphilis of the central nervous system is treated energetically by the 
Swift-Ellis endolumbar method in addition to the other usual procedures. 
Intracarotid injections of salvaranized serum likewise freely used. Physio- and 
hydrotherapy are carried out vigorously in the special rooms which are well 
equipped for that purpose. The wards are pleasant but the nursing is not of the 
highest order and decubitus is too frequently seen. [...] Diagnosis is thorough. 
Encephalography is very frequently used and in the 1500 cases of spinal 
injection of air there seem to have been very few bad reactions. Direct 
ventriculography is also frequently used as well as Hpiodal and the ventricular 
injection of dyes. Physiological diagnostic procedures also find a place here in 
a remarkably well equipped laboratory for chronaxie and other electrical 
measurements. [...] Practically all of [Foerster's] operating has been done 
under local anaesthesia. Thus he has used the patient as a witness to pain 
localisation, has outlined areas of skin innervation and has determined the 
movements of the body which follow electrical stimulation of various areas of 
the cerebral cortex. This analysis of the cortical areas has made possible an 
intelligent advance in the treatment of epilepsy. His study of the pain paths has 
made it possible to relieve certain types of pain more intelligently. [...] Above 
all, here Neurology is accompanied by therapy. [...]. In his almost universal 
use of local anaesthesia, the patients sometimes suffer acutely, although 
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Figure 3: Functional homunculus of the cerebral cortex in man; described by 
Wilder Penfield (original drawing ca. 1958, Montreal) 

Source: Osier Library of the History of Medicine, McGill University, Montreal 

it must be admitted that the mortality is thereby probably lowered. In general, 
the diagnosis is accurate, the treatment radical and the results good. In focal 
epilepsy his fearless radical excisions of the scarred brain area makes a step 
forward in this treatment of this scourge." 

After his return from the European tour, Penfield began with the 
successful build-up of a comparable and very modern clinical and re
search centre at the Montreal Neurological Institute (Feindel 1992). It 
was there that he and his collaborators stimulated patients in intra
operative settings mainly with surface currents of 1 Volt and a frequency 
of 60 Hertz (see further in Hagner 2006: 180-187). Penfield closely 
monitored and recorded the movement effects, sensory perceptions and 

15 PenfieId's admiration for Foerster's institute and neurosurgical work is 
powerfully manifested in his travel report "Impressions of Neurology, 
Neurosurgery, and Neurohistology in Central Europe of 1928", written 
after returning to Canada from his first research visit to Breslau (Penfield 
1928: 6f.). 
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psychological changes in his patients who - during the neurosurgical 
operation - were kept fully conscious to avoid major damages to the 
brain under intraoperative stimulation conditions. In these circumstances 
there was special consideration given to spare the language, visual, and 
somatosensory centres. It is reasonable to argue that his famous cortical 
cartographic map, which successfully established the functional homun
culus of motor and sensory cortical areas of the human brain was thus 
developed as a side effect of these therapeutic stimulation efforts. 

Even more precisely evident was the differentiation between the 
complex patterns of subjective phenomena - such as the emotions of 
'familiarity', d#à-vu-impressions, or aversive emotions that Penfield's 
group identified through stimulating the parietotemporal areas of the 
cortex, and must not be seen as value-neutral observations. Instead, as 
will be pointed out here, the collection of all of this data - including 
stimulation data from deeper brain regions when operating in post
traumatic epileptics or tumour patients - intrinsically depended on the 
accompanying research programme of the functional brain mapping of 
the integrative cortex (Penfield 1958: 31-42). It is very remarkable to 
note that at this time and after agreeing to receive surgical treatments to 
cure their disease condition, Penfield's patients had not been specifically 
instructed about the research intention of the general neuroscientific 
programme. This internalistic combination of the problématique of 
neuroscientific investigation, epistemic conjectures and ethical con
siderations, as minimal as they were, did not really find a transparent re
presentation in the doctor-patient-relationship. Instead, ethical de
liberations continued to be confined to the individual consciousness and 
decision-making of the operating surgeon and some preliminary dis
cussion with expert colleagues or hospital staff - discussions which 
mainly concerned the feasibility of the operations rather than their 
immediate ethical implications. These paternalistic stances are omni
present in Penfield's writings, although he barely touches on them in an 
analytical way. He mostly writes of his personal accounts or post hoc 
legitimisation and such reflections can be found in the Proceedings of 
the Harvey Cushing Memorial Meetings of the Montreal Neurological 
Society of November 1939. Here, Penfield clearly embraces the teacher-

16 On Penfield's rapport with his neurosurgical patients, see, for example, the 
Wilder Penfield Collection, WP-Archival Template 10, C/Gl (MNI 
Accession No. 002) in the Osier Library of the History of Medicine at 
McGill University (Montreal, Canada). 

17 A background description of the doctor-patient relation in psychiatry-
related research fields at the time is provided by Andrea Tone (Tone 
2005). 
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pupil-relationship in clinical medicine and gives it visible priority vis-à-
vis over theoretical and philosophical reflections on the changes in the 
experimental nature of clinical neuroscientific research (Fins 2008): 

"It was easier for me [Wilder Penfield] to see in [Harvey] Cushing [1869-
1939] the imprint of his masters because of the fact that I was a medical 
student under [William] Osier [1849-1919] at Oxford and under [William 
Stewart] Halsted [1852-1922] at [Johns] Hopkins [University]. It is a common 
experience for all of us to see in a son [!] an unexpected trick of manner or 
attitude that recalls his father. In a similar way, to see Cushing walk down the 
corridor of a hospital was sometimes for me as seeing Osier in the same 
manner - and to hear his banter." 

To this day, not many sources have been identified or patient records 
declassified which would reveal Penfield's ethical views in medicine 
more precisely. Moreover, the paternalistic descriptions from within the 
exceptionally individualistic position of the Montreal neurosurgeon -
such as the ethical considerations of many other neurological pioneers of 
brain stimulation - are quite typical for the immediate post-war period in 
medicine (see also Roelcke 2004). In general, Penfield was primarily in
terested in his individual research programme and investigating the 
interrelationship of behaviour-dependence and motor responses in his 
patients, which he traced back to tinkering with complex stimulations of 
parts of the brain under intraoperative conditions. The Montreal neuro
surgeon, however, did ask himself - in his autobiography (Penfield 
1977: 168-170) - whether it was legitimate for the operating neurologist 
to manipulate the individual conscious answers of his patients when 
applying electrical stimulation currents. Nevertheless, the primary con
cern of his approach stayed with the surgical treatment of those areas of 
the brain which were seen as causally relevant in the aetiology of epi
lepsies and tumour growth. Overall it is quite remarkable that although 
his programme became so well known and Penfield's neuro-
physiological findings made such a strong impression on the scientific 
community and interested public, not much can be found of an open 
debate in the media, or of the many critical voices that accompanied 
those clinical research approaches during this initial period (Lewis 1981: 
123). 

18 This address to the Montreal Neurological Society can be seen as one of 
the most explicit statements of Penfield about the importance of the 
teacher-pupil relationship in medical research and teaching. In opposition, 
however, the doctor-patient relationship is utterly neglected in this talk 
and the neurosurgeon did not deem it necessary at all to address the ethical 
problem more explicitly (Penfield 1939: 342). 
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In particular contrast to Penfield's programme, the social resonance 
regarding the neurostimulatory working group under Robert G. Heath at 
the Tulane School of Medicine in New Orleans was quite different and 
later developed significant media interest and provoked severe public re
actions in the United States (Mohr and Gordon 2001: 119-123). At least 
in this instance, the disciplinary historiography has credited one of the 
co-workers of the Tulane group, the neurosurgeon, Donald E. 
Richardson (1919-1969), as one of the pioneers in the development of 
modern brain stimulation (Alesch and Mullet 2004: 8). 

The research in Louisiana which commenced in the early 1950s 
went undetected by the public in its beginning years. It was barely 
received in the neuroscientific community - probably because, at the 
time, the communities of psychiatry and neurology were often con
sidered to be separate. Except for their ethical evaluation, it is not in
significant that about one hundred patients were included in the clinical 
applications of the research programme which extended over a period of 
thirty years (Baumeister 2000). In 1996, Heath was even awarded the 
Gold Medal for the American Society of Biological Psychiatry for 
having "accomplished important work as a pioneer in the field of 
biological psychiatry" and "strongly enhanced our knowledge about the 
structural and functional relations of schizophrenic diseases to the 
brain". Over the past three decades of this programme, it is possible to 
discern individual phases of patient access and a changing doctor-patient 
relationship. The same holds true for the ethical reflections and rhetoric
al struggles from within the contemporary scientific community, as they 
ensued from discussions about the usefulness of Heath's procedure as "a 
last desperate cure" (Fradelos 2008) in psychiatric and neurological 
diseases. The contested nature of the Tulane programme further helps to 
understand the modifications within the bioethical discussion and also 
the contemporary medical decision-making surrounding deep brain 
stimulation methods (Slattery 1990-91). Heath, similarly to Penfield's 
mentor Foerster, began his investigations within a psychiatric context: In 
a seventeen year old girl, suffering from schizophrenic episodes since 
her early adolescence, Heath applied electrical currents by means of 
deep brain electrodes to the septum region of the diencephalon. Sub
sequent to the neurobiological understanding at the time, he wanted to 
"recalibrate" the functional inequality between "primitive brain regions" 

19 (CPSC 2000: 33). During his lifetime - in 1993 - the Tulane School of 
Medicine awarded him the endowed Heatii Chair in Psychiauy and 
Neurology "in recognition of his accomplishments" thus honouring 
Heath's scientific achievements (The Times-Picayune, New Orleans, Sept. 
23rd, 1999: B-4). 
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of human development and the unfolded complex cortical structures. 
This was, of course, a highly abstract and unspecific view that lead 
Heath to apply the "method of functional restitution" in many other 
psychiatric and neurological diseases as well (Heath 1954: 30-8). 

Although the neurostimulatory approaches of the Heath group were 
performed with a primarily therapeutic intention, the general effects in 
man had only been crudely understood at that time. The conceptual 
underpinnings basically relied on earlier neuroanatomical findings (such 
as Rolf Hassler's, 1914-1984, works of the 1950s), on the neuro-
connectivity of the thalamus and basal ganglia and on highly exploratory 
animal experiments which underpinned the clinical approaches (e.g. 
Dieckmann and Hassler 1972): 

"One approach consists of investigating the physiological activity of certain 
brain regions. It necessitated, however, the availability of a technique for 
implantation and fixation of the electrodes in the brain, first in animals and 
later in human subjects. In addition, the application of electrical brain 
stimulation in man was based on the data derived from animal experiments, 
which suggested a close relation to the electrical activity in specific brain 
regions with normal and pathological forms of behaviour. But even though the 
results from animal experimentation suggest that pathological forms of 
behaviour are changed by a modulating activity in locally circumscribed brain 
areas, we will only be able to corroborate those results found in cats and 
rhesus monkeys by continuing with clinical patient investigations. It is 
obvious, of course, that only human subjects are able to describe their thoughts 
and emotions in the individual test series." 

Following Heath's expectations, trials with human subjects had to take 
precedance over animal research approaches, as he illustrated in his 
notable and influencial 1957 report on the research conducted at Tulane. 
This report was then delivered to the National Institutes of Health in 
Bethesda that funded the Tulane School's research activities in their 
"extramural programme" over the entire period. Moreover, Heath acted 
as the priciple member of a task force, which reported on the current 
state of neurostimulatory research for the neurological and psychiatric 
institutes at the NIH. Consequently, the Heath group was able to 

20 Along with the neurosurgical and neurophysiological colleagues of his 
research project, Heath tried to develop a continuous stimulation method, 
which could be placed in situ for months and even years, over an extended 
period of time (Heath et al. 1976: 296). 

21 (NIH 1958: 259). The other members of the commission included the 
chair Desmond S. O'Doherty (1901-1971?), professor and chair of the 
Department of Neurology of the Georgetown University Medical Center; 

166 



T H E ESSENTIAL TENSIÓN 

advance significantly with their exploratory research and started to 
increase the electrical currents that were applied in their stimulatory 
experiments. The brain researchers wanted to understand the margins of 
unintended adverse reactions under treatment conditions, however these 
were not very well known at this time and the psychiatric patients were 
placed at enormous risk when the stimulation methods were applied. As 
Heath himself admits, the original choice of the stimulatory impulse was 
1 msec at the high frequency of 100 Hz and the decision for an in situ 
application of the electrodes between 13 and 54 hours was only 
'randomly determined'. Even though the Heath group was completely 
aware of the operative risks they took - such as electrical induction of 
seizures, the coagulatory destruction of brain tissue or possible intra
cranial bleeding due to the operative traumas - ; those unintended re
actions were accepted as 'necessary' for advancing the therapeutic pro
tocols. 

In actual fact, most of the patients had psychiatric disease conditions 
and were unable to understand the complexity of the clinical trials to 
give their autonomous consent. For the Heath group, these facts seemed 
to legitimize such experiments and patients were not specifically 
informed of the research character of the operations. The relatives and 
friends of these psychiatric patients often were not aware of the current 
research practices until decades had passed and the experiments came to 
the attention of the public, then their interest became quite apparent 
(Slattery 1990-91; Fradelos 2008). This is also reflected in the judgment 
of the New York neurosurgeon and neuroanatomist Fred A. Mettler (b. 
1907) who criticised Heath's work right from the beginnings: 

"There is in the present communication [one of Heath's publications], I think, 
some evidence that the theoretical preconceptions have tended to constitute a 
bed of Procmstes in which the reported data have at least been invited to 
recline if not made to conform." 

the neurologist Robert G. Bickford (1902-1993) of the Mayo Clinic; the 
neurophysiologist Mary A. Brazier (1904-1995) from UCLA; the UCLA 
neurosurgeon John D. French (1911-1989); the Oslo neurophysiologist 
Carl Wilhelm Sem-Jacobsen (1919-1990); as well as the German émigré 
neurosurgeon Ernest AdolfSpiegel (1895-1980) from Philadelphia, PA. 

22 Because of his in-depth neuroanatomical research knowledge, Mettler was 
well aware of the considerable uncertainties that swayed over the 
functional and morphological networks of the basal ganglia system. As a 
bench researcher, he accused the clinical team of a haphazard 
methodology and exposing their patients to incalculable risk (Mettler et al. 
1954: 535). But although he was also well-known academically, Mettler 
did not have the same weight in the clinical psychiatric and neurological 
communities and was not a member of the steering committees of the 
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Figure 4: Stereotactic operation device from KopfInc 

Source: Kopf Inc., based on Ernest A. Spiegel, Henry T. Wycis, Matthew 
Marks & Arnold Saint-Jacques Lee (1947) "Stereotaxic apparatus for 
operations on the human brain", in: Science 106(2): 349-350 (Osier Library 
of the History of Medicine, McCill University, Montreal) 

It seemed that the patients were selected for specific inclusion in this 
research programme in biological psychiatry, whith preference given to 
severe cases where no ethical consent could be obtained nor opposition 
elicited from them. The outcome of the research results from the 
investigations was thus interpreted in an overtly positive light. It is 
interesting to note that in the research setting of the Tulane brain 
surgeons, the electrodes for neurostimulation were no longer confined to 
the septum region (the place where the investigators had started their 
program, making use of valuable, known data obtained from Foerster's 
research group as well as some others). Nevertheless the Tulane 
researchers advanced their electrodes into completely new brain regions 
"of functional interest", such as the thalamus (Richardson 1980) or the 
Nucleus caudatus (Heath et al. 1976) hoping to discover what would 
happen in their clinical patients afterwards. In so proceeding, these 
clinical researchers sought to derive further knowledge from the 
intraoperative site at the exact moment the skull of their patients lay 
open in front of them. In direct comparison, there are no qualitative or 

National Institutes of Health in this important phase, so his criticisms had 
almost passed unnoticed. 
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structural differences to the contemporary research programme on the 
human cortex at the Montreal Neurological Institute, and both institu
tions operated in the same ethically void space of the time: 

"I [Penfield] had been very astonished, that really every time when I advanced 
my electrode, an answer of the patient could be elicited. How could this be? It 
had to do with human consciousness! I now began to perceive such answers 
as 'experimental' in nature and awaited to collect even more data." 

It would be begging the ethical question, however, if the rationally 
strucmred programme of Wilder Penfield was simply represented as 
following a hazardous surgical attempt, which had developed from pure 
contingency or failure. To the contrary, from the very beginning of the 
programme, the procedures were specifically designed to allow for an 
exploratory form of experimentation. This ambivalent nature in surgical 
treatment and neurophysiological research was strategically built into 
both programmes at the Montreal Neurological Institute and into 
Heath's group at the Tulane School of Medicine. Hence, it is not really 
comprehensible, why François Alesch (Vienna) and Keith Mullett 
(Maastricht) - when specifically drawing attention to Heath's work -
came to the following conclusion: "In the research literature, there have 
been repeated reports on the application of electric currency to the brain 
and spinal cord. But these were rather of a contemplative nature and 
without any therapeutic success." (Alesch and Mullett 2004: 8). The 
neurostimulatory nature of the programmes at Montreal and New 
Orleans - spanning more than thirty years - were certainly not just 'con
templated' but had been pre-planned in their individual steps. 
Therapeutic access to the neurological and psychiatric patients was 
typically used for advancing the exploratory character of their research 
into anatomically and functionally unknown terrain and, of course, they 
claimed to having had 'therapeutic successes'. Furthermore, it was used 
as a legitimisation against the great risk that these operations carried 
with them. Consequently, in Heath's group at Tulane the study design 
became restricted to psychiatric patients who, in most cases, could not 
opt out of the research programme (Baumeister 2000). 

This lasted until the end of the 1970s when public concerns became 
more tangible vis-à-vis the early neurostimulatory researchers, being 
mostly due to the impact of the North American civil rights movements 
(Guerini 2003: 109-135). In widely distributed national print media, 

23 This quote from 1975 shows, in retrospect, that Wilder Penfield was 
himself very well aware of the experimental nature of his clinical research 
program (Penfield 1975: 27). 
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such as Newsweek and Reader's Digest including local Louisiana news-
24 

papers, the necessity of public discussion and opinion building was 
increasingly articulated, while stressing the need for a democratic parti
cipation in the decision-making process of physicians and brain re
searchers, especially where public research funding through the National 
Institutes of Health was concerned (Rushton 1974). 

The ethical framework of the early brain stimulatory programmes, 
which led to an inclusion of vast numbers of patients in both Louisiana 
and Québec, needs to be represented here as being very broad and 
flexible. It had been almost at the discretion of the operating neuro
surgeon that the neurostimulatory investigations were performed, 
altered, or, on very rare occasions, ordered to be stopped. The brain 
stimulations in the psychiatric and neurological patients, overall, con
tinued to be pursued in line with the principle of "therapeutic authority" 
(Rice 1974: 503-506) and even without explicit consent, when in 'well-
founded cases' further harm needed to be avoided. As Volker Roelcke 
has shown in a recent publication on the ethical framework of clinical 
experiments with psychiatric patients in the European countries, this 
may be seen as an international benchmark of Western biomedicine 
from the 1940s to the 1960s (Roelcke 2004). Although public critique 
was more and more tangible and even gained legal ground, the main 
impetus for change in the neurostimulatory research programmes came 
from new technological determinants in medicine: During the course of 
the 1960s, innovative research methods were developed - such as trans
portable and transcutaneus stimulation systems - , which now offered the 
opportunity where electrodes stayed in situ for months and even years 
(Rzesnitzek 2008). With these technological advances, electroencepha-
lographic recording from deep brain structures now became possible 
outside of the confines of the surgical operating rooms in major neuro-
scientific research centres. These new procedures were now placed into 
the hands of the patients themselves, enabling them to use the devices at 
home and in their daily life situations. 

These new technological advances were equally responsible for 
major changes in physicians' clinical attitudes, a development that his-

24 See, for example, the reports in Newsweek (July 21st, 1971) or in Readers 
Digest (August 8th, 1962). Following the influential civil rights movement 
in the United States, the focus of awareness became particularly oriented 
towards medical violations of human values - such as the widespread 
experimentation with prisoners, the black population, and inmates of 
psychiatric asylums. Civil rights activists in the Medical Committees for 
Human Rights thus also attacked the research programme on psychiatric 
patients of the Tulane group (Slattery 1990-91). 
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torical introductions in textbooks of deep brain stimulation have often 
brushed over or blandly ridiculed as a "forgetting of the method" 
(Alesch and Mullett 2004: 10). With the increasing introduction of 
psycho- and neuropharmacological substances such as, chlorpromazine 
in schizophrenias, Valproate in epileptology, or L-dopa in Parkinson's 
disease (Pressman 1998: 158f.), Deep Brain Stimulation methods lost 
their research appeal and medical significance during the 1970s - in the 
United States and elsewhere. They became further confined to the rather 
narrow areas of functional restitution in therapy-resistant schizophrenias 
and intractable thalamic pain disorders. 

Figure 5: Dorsal view of one of Robert G. Heath's patients: The deep 
and surface brain electrodes are visible outside of the patient's head. 
The connecting plug devices could be used as interfaces in the context of 
the electrophysiological research laboratory (photograph, ca. 1970; 
courtesy of Springfield Publishers) 

Source: Baumeister 2000: 270; reproduced with permission of Springfield 
Publishers, Springfield, IL 

L__ 
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Some Considerations Regarding the Ethical 
and Epistemologica! Problématique of DBS 

In comparing the characterised development in the current 
neurostimulatory therapies - such as Deep Brain Stimulation of the 
basal ganglia system with cases from historical electrophysiological 
stimulation approaches (that targeted the Septum, Thalamus, or Corpus 
callosum region, etc.), the foundational ambivalence in therapeutic and 
research strategies of modern biomedicine remains incredibly visible. 
This essential tension in the research trajectories of deep brain 
stimulation as well as emerging from the opposition of the therapeutic 
treatment situation and urging medical interests for knowledge, 
advances in the neurosciences have previously been dealt with by a 
number of bioethicists (Synofzik 2005; Illes and Racine 2005; Knoppers 
2005). When reflecting upon the structural problems of modern neuro-
scientific research, IlIes and Racine emphasised this problem to be a 
research dilemma, brought about by the morphological complexity of 
the Central Nervous System, the pertaining epistemic uncertainties of 
experimental surgery, and the increased manipulative risks of neuro
logical methods and practices. 

The individual cases presented in this chapter further expose the 
conceptual fuzziness of the complex relationship between therapeutic 
intention, medical research and junctional restitution. Since the early 
days of electrotherapeutic brain stimulation enhances of the 1930s, the 
boundary between what could be called functionally restitutive medicine 
and a manipulative bioengineering approach in the clinical neuro
sciences became increasingly blurred. This general development has 
been accelerated through research advances which have also been 
analysed in recent Science and Technology Studies, during which time 
scholars also began to analyze the parallel development in cybernetics 
since the 1940s and 1950s (see: Hayward 2001; Andrew Pickering 
2004). The technological properties of the neurostimulatory approaches 
make it perfectly clear that the application-related ('therapy') and 
research-oriented ('investigation') perspectives in the invasive and 
implantative operations on the Central Nervous System must be re
garded as two sides of the same coin: Although it has become obvious 
through the reconstruction of the early history of deep brain stimulation 
approaches in this chapter, it remains fairly difficult to judge these 
independently. 

It must be allowed again at this point to take IUes' and Racine's 
(2005) demand for a stand in neuroethical exceptionalism into account, 
since the case examples that were described here have shown that the 
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possibilities and borders of the neurostimulatory approaches (keeping 
both current and historical research settings in mind) profoundly change 
the integrity of the biological and mental 'self. The approaches of the 
two North American working groups under Wilder Penfield in Montreal 
and Robert Galbraith Heath in New Orleans were planned and pursued, 
although individual consent of their patients was not specifically asked 
for - even in cases where high-risk research was to be performed, the 
patients entered the operating rooms trusting to receive treatment for 
their illnesses. Both programmes must therefore be interpreted as 
collateral research approaches situated in local clinical settings. It is 
precisely this amalgamation that adds further questions to the general 
problem of distinguishing between the lines of therapeutic intention, 
medical research and junctional restitution in highly manipulative and 
invasive clinical neuroscience (Roskies 2002). 

At this point, the question needs to be addressed again, whether a 
principal argument for the exceptionality of neuroethics approaches can 
indeed be constructed intelligibly and upheld, if the above characterised 
modern and historical programmes are taken into account. With a 
specific view to the historical development, it does not appear that such 
a strong case can be made: Like many other biomedical research ap
proaches in clinical contexts, the historical neurostimulation methods 
operated on the delicate terrain of insufficient data. Similar cases can be 
argued for psychosurgery and psychopharmacology when comparing 
them to early heart surgery or transplantation research (Synofzik 2006). 
The ethical core conflict between the epistemic reach of neuro
stimulatory approaches (e.g. the demand pace maker systems) and 
intended manipulations of invasive functional neurostimulation remains 
until this day (Haelbig et al. 2005). As was described in the first part of 
this chapter, the essential tension in the research trajectories of deep 
brain stimulation persists in many areas of the modern neurostimulation 
approaches and supervenes over insufficient knowledge, particularly 
regarding the long-term effects, emotional changes and alterations of 
decision making behaviour, etc. 

When closely analysed, neither the historical reconstruction of 
individual research trajectories nor the modern cases of neuro
stimulatory research show that the multi-layered relationship between 
therapeutic intention (medical research) and functional restitution has 
ever been incontestably upheld. It is nearly impossible to discern prac
tical contexts for the application of a restitutio ad integrum, as was 
claimed in some bioethical accounts and medical disease theories earlier 
on (e.g. Rothschuh 1978: 8f.). The integrity of the patient in neuro
scientific research settings always appears to be a relative one - inde-
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pendent of whether he or she is subjected to somatic, psychosomatic, or 
neuroscientific methods. Even if the argumentation of the neuroethical 
exceptionalists was based on the medical healing task - as it was used 
by the neuroscientific community in various historical contexts - ; this 
can only describe some of the necessary areas for patient autonomy. It 
seems nearly impossible to define sufficient markers for neuroethical 
exceptionalism when analysing the clinical research contexts that often 
affect patient autonomy and personhood in similar ways (see also 
Knoppers 2005: 3). 

It is therefore necessary that the differing problem constellations of 
future neurostimulatory programmes are closely observed, assuming 
they will follow similar problematic trajectories which are also typical in 
other areas of clinical research. Analogous to the cases of Penfield's and 
Heath's research groups, the relationship of neuroscientific research and 
public opinion, the handling and treatment of their patients, and the 
fuzzy line between therapeutic intervention and medical research needs 
to be further discussed from various comparative perspectives in the 
future. This article has provided one such perspective by contrasting 
current forms of deep brain stimulation to the specific contexts of their 
historical precursors. 
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