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Neurotechnology, Evidence, and Ethics

On Stewardship and the Good in Research and Practice

By James Giordano, PhD

On the “Groundswell” of Neurotechnology
Recently, a reader wrote to comment on
my essays regarding neurotechnology in
light of the growing number of advertise-
ments for various neurotechnologically-
based devices seen in this, and other, pain
journals. Writing, “...there’s been practi-
cally a groundswell [of information and
advertisement]...that often is confusing,
seems contradicting and, in some cases,
it’s obvious that real evidence isn’t avail-
able...how can physicians and the general
public, for that matter, know what’s ‘snake
oil’ and what’s legitimate, and if these
devices are safe, and how they ought to
be wused?” this reader’s thoughtful
comment takes note of an increasing
presence of neurotechnology in pain care,
if not medicine and other dimensions of
public life in general.

The medical use of machines is
certainly not new, and a brief history of
medicine since the second industrial
revolution will reveal the steady infiltra-
tion of various devices into the clinical
milieu." This has tended to reflect the
iterative technologization of much of
western society. As previously noted, the
aims of such technologization—namely to
ease the human condition and to incur
time- and cost-efficiency—married well to
the expansion of medicine as a profession
and practice in the early 20th century.

These incentives also wedded technol-
ogy and its use(s) to a broadening influ-
ence of the market, and this fusion was
mirrored—even if somewhat in carica-
ture—by the profligate claims of “wonder
devices” that could “cure” a host of disor-
ders including, if not most typically, pain.?

To be sure, many such claims were sheer
quackery, and the Flexnerian reformation
of American medicine certainly lessened
the frequency and abundance of these
transgressions.” Yet, every new techno-
logic turn is accompanied by speculation,
expectation, hopes and fears, and the
outgrowth of neurotechnology following
the Decade of the Brain (DoB, 1990-2000)
certainly reflects this process. The astute
comment provided by the reader speaks
to the apparent “pop-up” of neurotech-
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Neurotechnology Initiative (NNTI) and
Neurotechnology Industries Organiza-
tion (NIO).?

Recently, Michael Schatman and I have
written that pain medicine currently faces
a “crisis"—a time of change upon which
rests potential future trajectories for the
scope and breadth of care.® Without
doubt, neurotechnology, both alone and
in concert with other (e.g., geno-, nano-,
and cyber-) technological advances have
contributed to, and will factor into these

“...how can physicians and the general public, for that matter,

know what’s ‘snake oil’ and what’s legitimate, and if these devices

are safe, and how they ought to be used?’”

nologies germane to the diag-nosis and
treatment of pain, attributable at least in
part, to the carry-over effect of technolo-
gies developed during the DoB being
focused upon practical applications
during the Decade of Pain Control and
Research (DPCR, 2000-2010)." Economic
subsidies for research directions and
biotechnological applications certainly
contributed to this pattern and have also
created a market niche for such
neurotechnology. How (i.e., in what ways,
to what ends) this niche will be filled may
be contingent upon the environment
fostered by the Decade of the Mind (DoM)
project, its affiliated Neuroscience,
Ethics, Legal and Social Issues (NELSI)
agenda, and the work of the National
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changes and the socio-medical milieu that
results. But as we’ve noted, neither
change itself, nor the nature of what
emerges status-post-change are passive
events, and pro-active investment of time
and effort are required to assure that
change is as positive as possible. A part of
the crisis we’ve described rests upon
ethical issues, questions and problems
that arise in, and from the ways that we
approach, address and utilize new scien-
tific and biotechnological developments
in research and practice.” As our reader’s
commentary has implied, this “ground-
swell” of new development is evident, and
the aforementioned ethical questions
cannot be ignored. In this essay, I explic-
itly address the point that some neuro-
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technologies have not been thoroughly
studied, have been (and are being) used
in ways that are based upon dubious
claims regarding mechanism(s) or
outcomes, are being used by improperly
and/or untrained providers, and/or are
simply being used in ways that are inapt.
I will also discuss the ethical obligations
that undergird the use of new neurotech-
nologies in pain research, assessment,
diagnosis and treatment.

I have previously argued that pain care,
like medicine writ large, is not simply
applied science, but rather uses scientific
tools and technologies and the informa-
tion they afford in ways that uphold the
fiduciary both between clinician and
patient, and medicine and society.” This
reflects the reciprocity of science, technol-
ogy, research and clinical practice as a true
“practice” (i.e., an exchange of good
between agents in community, as defined
by the nature of their relationship?). It is

weigh the effect of neuropsychiatric
predispositions, co-morbidities, etc, when
evaluating the relative ratio of benefit,
burdens and risks that the use (or non-
use) of these technologies might incur.”
Moreover, we simply do not know how the
use of these technologies might alter the
long-term function or structure of the
brain. This is where the “mechanistic
dilemma” comes to light." In “western”
medicine, a technique or technology may
not be “accepted” unless or until its
mechanism is ascertained.” On one hand,
this might tend to militate against the use
of such technology (even if positive
outcomes are, in fact, available). Yet,
despite what would appear to be a
negative bias, a mechanistic understand-
ing is valuable, if not essential, to assess
the potential for adverse effects.

To date, an exact set of standards to
calculate individual variations in response
to specific neurotechnological interven-

“...we continue to confront the fundamental “hard problem” of not under-

standing how consciousness and related mental processes actually occur,

so any and all concepts that relate the effect(s) of a technology to a mecha-

nism of mind remain tentative.”"*"

in this light that the imperative to eluci-
date the mechanism, capacities, limita-
tions, and evaluate the outcomes of any
and all neurotechnologies that are used in
clinical diagnosis and therapeutics for
pain (as well as any other clinical applica-
tion) becomes important.

Confronting Uncertainty

While neuroscience provides considerable
insight to the structure and function(s) of
the brain, we continue to confront the
fundamental “hard problem” of not
understanding how consciousness and
related mental processes actually occur, so
any and all concepts that relate the
effect(s) of a technology to a mechanism
of mind remain tentative.'™"" Moreover,
every brain is different with regards to the
network dynamics that subserve cogni-
tions, emotions and behaviors.”? There-
fore, it becomes evident that employing
neurotechnology in a “one-size-fits-all”
approach to modifying brain-mind
function is both technically and ethically
inappropriate. Given the individual
uniqueness of the brain-mind, it is vital to
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tions remains unavailable. Therefore,
determining what and how technologies
can and should be used, in whom, and in
which ways is reliant upon research-based
information that is communicated through
the education and training of clinicians
who use and administer neurotechnology
in practice. We have argued that any and
all neurotechnological interventions
should be rendered only by trained clini-
cal specialists who are well-qualified to
employ knowledge (of brain-mind,
pathology, and relevant technologies) and
skills in ways that uphold right and
ethically good care.'"

The Right and Good of Research:
Epistemology and Ethics in Intersection
Ongoing research is required to afford
data that 1) contribute to the extant
knowledge base; that 2) enable clinicians
to evaluate (and communicate) the
relative value(s), benefits and risks of
particular diagnostic and therapeutic
technologies; and 3) empower patients to
participate in well-informed decisions
about the use of any such technologies in
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therapeutics.'""” Findings from research
inform practice, and evaluation of
outcomes gained by employing various
technologies in practice contributes to
evidentiary knowledge to instigate and
guide further study. Of course, any and all
such research must be methodologically
rigorous and ethically sound.**' In other
words, research must be focal to the
neurotechnology in question, for its
intended use(s) in assessment, diagnosis
and treatment of specific conditions, in
particular patient populations, and must
be both iterative and current. Philosoph-
ically, this reflects the essence of science
as being self-critical, self-revising, non-
dogmatic and non-anachronistic as new
information is acquired and incorporated
into the accepted fund of knowledge.” In
some instances, understanding of mecha-
nisms will remain incomplete, uncertain,
ambiguous, or frankly unknown, and this
must be made explicit and, as matter of
fact, may not obviate use, given that
apparent benefit(s) might well outweigh
possible burdens and/or risks.

The imperative for developing, imple-
menting and promoting ongoing research
to assess and evaluate the capabilities and
clinical application(s) of neurotechnology
is grounded upon the moral obligation of
beneficence.”* Obviously, research is
instrumental in determining the techni-
cal or practical “good” of a particular
technology. But even at this level, appli-
cation as a meaningful biomedical “good”
requires translational studies to both
evaluate the wider implications of use-in-
practice and determine viability in real-
world medical settings. In achieving this
biomedical good, the somewhat more
passive maxim of non-harm can be
realized, and thus the “mechanistic
dilemma” may be resolved—or at very
least placated—in appreciation for the
primacy of patients’ best interests.
Through an understanding of the actions,
effects and capabilities of a given
neurotechnology, we can also recognize,
weigh and may be able to compensate for
1) inherent limitations of the technology
in various applications, 2) potential risks
of use or non-use, and 3) possible burdens
incurred by the patient, as well as the
medical system. This knowledge helps to
illustrate the potential viability of a
neurotechnology within the armamentar-
ium that can be utilized in diagnosis
and/or treatment. When related to an
understanding of the mechanisms of
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particular pathologies, such knowledge
allows the clinician to address whether a
certain neurotechnology can, and should,
be employed in specific clinical situations.

How research data are incorporated
within the larger fabric of clinically-
relevant information is both important to
its practical and ethical use, and reflects
the intellectual skills, and moral integrity,
that are fundamental to medicine.”*
However, it is important to recognize that
a pervasive “market mindset” has fostered
1) a tendency for many purveyors of
neurotechnologies to exempt an evi-
dence-based approach and rely upon
anecdotal evidence instead of the most
currently validated science; and 2) more
widespread use of neurotechnologies by
under- or untrained individuals.* But
even as more well-designed and executed
multi-site studies are presented, these
results are often ignored. There is a
continued hesitance to accept new and
iterative data that provides evidence for
the effectiveness of advanced neurotech-
nologies in diagnosing and treating
specific types of pain. At the same time,
there is an amenability to accept outdated,
and/or anecdotal evidence (or in some
cases, “lore”) to promote and justify using
such technologies in a more “blanket”
approach (e.g., cognitive enhancement,
“mind control”-type games and self-help
products; stress reduction, etc.)

Thus, the re-assessment of what consti-
tutes appropriate—and ethically good—
research and use is of pressing importance
as more neurotechnologies become avail-
able and many are being employed off-
label. At a minimum, there needs to be a
uniform and enforced screening for all
neurotechnology product developers to
ascertain whether products may incur
potential risks to the general public and,
more specifically, to persons with certain
pathologic predispositions or disorders—
such as those neuropsychiatric conditions
that are so often co-morbid to chronic
pain. On a more encompassing scale,
guidelines, policies, and regulation(s) are
required to standardize practices within
the field and the NNTI and work of the
NIO are solid steps in this direction.

Toward Ethical Stewardship

Given the position that medicine is not
just simply applied science, I believe that
its practice involves far more than a
theoretical knowledge of physiological
systems, pathologies and the mechanics

of particular tests, tools and interventions.
I hold that knowing “what should be
done” mandates understanding of ‘how’,
‘when’, and ‘why’ something is done.”
Specifically, knowing whether the use of a
particular neurotechnologic device is
appropriate for a given clinical case
requires understanding both the technol-
ogy (and its capacities and limitations),
the suspected pathology, the physiologi-
cal changes it incurs, and how the technol-
ogy should be employed to meet these
specific circumstances. This necessitates
experience in differing situations and
across time. Experiential knowledge can
be gained through an expanding body of
research findings and/or may be acquired
through training and direct activity.”””'
Ultimately, theoretical and experiential
knowledge work synergistically when
relating current cases to paradigmatic
examples (i.e., the casuistic approach)
and, in this way, theory and experience

unsound employment based upon suspect
(or absent) evidentiary support, use by
poorly trained ‘technicians’ and/or non-
professionals, and unethical claims for
financial reimbursement (for improper
use). This reflects inadequacies or impro-
prieties in education and training—often
involving brief courses of home study,
weekend seminars and/or cursory ‘exami-
nations’ that claim to ‘certify’ individuals
as capable ‘technicians’ or experts after
only nominal instruction. In response, we
have argued for stringent educational
programs that 1) reflect the complexity
and advancement of the field, 2) enables
discrimination of research findings; 3)
acknowledge the potential and limitations
of technology in medical diagnosis and
care, and 4) uphold high standards of
professionalism.

Moreover, we have argued that the
person prescribing, coordinating and
providing any neurotechnology in clinical

“...knowing whether the use of a particular neurotechnologic device is
appropriate for a given clinical case requires understanding both the
technology... the suspected pathology, the physiological changes it incurs,
and how the technology should be employed to meet these specific

circumstances.”

are conjoined to determine if, how and
why a specific neurotechnology can and
should be utilized in diagnosing and/or
treating pain in a given patient. Taken
together, contextual knowledge fuses
research to practice, and allows the clini-
cian to avoid a simplistic “cookie cutter”
approach to diagnosis and care.

It is my contention that “good” entails
“right” (i.e., technical rectitude) and so
for any new (or extant) technology to be
correctly and effectively employed, and
used in ways that sustain the moral
dimension of care, it must be adminis-
tered by individuals who are not simply
repeating a task by rote (even if
efficiently), but rather by those who
exercise practical wisdom (phronesis) as
a core professional responsibility of
medicine.”” By (Aristotelian) definition,
such phronesis is not merely knowing the
right things, but using that knowledge in
the right ways to achieve the good.”"

Significant ability is required to discern
technical rectitude and “good” use in
practice. Indeed, many criticisms of
neurotechnology have centered upon
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care should be a licensed physician (or, at
very least, another licensed clinician
working in direct collaboration—e.g., a
neuropsychologist), given that 1) many
pain patients seeking such treatment are
taking prescription medications; 2)
medication regimens often require adjust-
ment in response to neurotechnologic
intervention; and 3) potential treatment
interactions require careful monitoring
and may necessitate prudent adjust-
ment.” In light of this, I propose that
training in the use and capabilities (as well
as caveats and restrictions) of specific
neurotechnologies must be provided to
licensed medical professionals through
objective programs of continuing and/or
post-graduate medical education.

The Importance of Guidelines, Regula-
tion, and Policy

Simply put, there is indubitably great
value of neurotechnology in pain care, but
neurotechnological progress should not
be ethically undermined by capricious,
unprofessional utilization engendered
through improper education, training
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and/or misdirection by market forces. Its
use must be consonant with identifiably
good ends, and must positively engage
each and all groups of affected stakehold-
ers, i.e., biotechnology engineering,
research, clinical and patient communi-
ties.” To advance the appropriate use of
neurotechnology in pain care will require
dedication to 1) integrating research into
formalized education and training, 2)
instilling and ensuring high ethical
standards for the use of specific neuro-
technologies by competent professionals,
3) developing guidelines for clinical use,
and 4) informing and initiating public
policy to both assure strict control of such
use, as well as provide administrative and
economic support for ongoing research.

In this latter regard, we have posited that
regulation—both over the industry and the
level of education and specialized experi-
ence of providers—must be expanded and
sustained as the field advances both techni-
cally and within an ever-growing market.*
Clearly, further research, development,
testing and evaluation (RDTE) of any
neurotechnology is required to determine
how a device may be best employed in the
diagnosis and treatment of pain (and
other neurological conditions). It is
equally important to develop and instan-
tiate guidelines that are based upon the
most current RDTE, together with
policies (and laws) to ensure that these
approaches are provided by well-trained,
competent clinical specialists. So, while
neurotechnologies may one day allow us
to answer the hard questions of neuro-
science, a more urgent question is how
these technologies should be regulated
and used so as to sustain the good of pain
research and care. |
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