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Practicing Neurosurgeon
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Neurosurgery is a field with complex ethical issues. In this article, we aim to
provide an overview of key and emerging ethical issues in neurosurgery with a
focus on issues relevant to practicing neurosurgeons. These issues include
those of informed consent, capacity, clinical trials, emerging neurotechnology,
innovation, equity and justice, and emerging bioethics areas including com-
munity engagement and organizational ethics. We argue that bioethics can help
neurosurgeons think about and address these issues, and, in turn, the field of
bioethics can benefit from engagement by neurosurgeons. Several ideas for
increasing engagement in bioethics are proposed.
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INTRODUCTION

Neurosurgeons often care for gravely ill
patients who may be unable to commu-
nicate their wishes and lack decision-
making capacity. Furthermore, neurosur-
geons operate on the central nervous sys-
tem, viewed by many as the nexus of one’s
sense of selfhood. Complex ethical issues
are inherent to the day-to-day practice of
neurosurgery and the advancement of the
field.1-3

AI training, and similar technologies.
WORLD NEUROSURGERY 190: 181-186,
Bioethics is a multidisciplinary field that
applies moral theories to problems in
health, medicine, and technology, and
empirically and theoretically examines
these issues with a focus on application.
Neuroethics explores ethical issues that
arise from neuroscience and its applica-
tions, including those within
neurosurgery.4

We aim to provide an overview of key
and emerging ethical issues in neurosur-
gery with a focus on issues relevant to
practicing neurosurgeons. This is not
meant to be an exhaustive list of all ethical
issues, rather we hope to illustrate the
breadth of ethical issues in the field and
argue that neurosurgeons would benefit
from engaging with bioethics and—in
turn—bioethics could be more responsive
to the needs and realities of neurosurgery.
KEY ISSUES

Informed Consent and Capacity
The ability to provide informed consent
for surgical intervention is defined by
decision-making capacity, which is evalu-
ated in the context of a specific decision.
The patient or surrogate decision-maker
must understand the options and risks
and have stable reasoning that is not
unduly impacted by impaired brain func-
tion, a mood disorder, or medical condi-
tion.5 Given the risk and complexity
associated with decision-making about
neurosurgical interventions, informed
OCTOBER 2024 www.journals.el
consent is of key importance in neuro-
surgical patients.5-7

In neurosurgical patients, cognition,
comprehension, and thus decision-
making capacity may be impacted by
their condition in a stable or fluctuating
way. Certain intracranial lesions may
affect cognition that can impair a person’s
ability to engage in medical decision-
making.8-12 Patients with brain edema may
have fluctuating decision-making capacity
as it subsides or increases.13

Adequately assessing capacity can be
challenging. In brain tumor patients, ca-
pacity may be overestimated by physicians
with few patients undergoing formal ca-
pacity assessment, which is distinct from
cognitive testing.12-14 The history of psy-
chiatric surgery (e.g., on incarcerated and
institutionalized individuals) serves as a
reminder of the risk of coercion in
neurosurgery, and that context matters for
assessing the ethics of neurosurgical
interventions.15,16

In neurosurgical patients who lack ca-
pacity, substituted judgment via surrogate
decision-making is the standard of care.13

However, surrogates have been shown to
not always make decisions concordant
with the patient’s wishes.17 Significant
discordance between clinician and
surrogate perceptions of communication
has also been reported, complicating
goals of care discussions.18,19 Surrogate
decision-making also applies to pediatric
patients who require neurosurgical
sevier.com/world-neurosurgery 181
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intervention.20,21 Surrogates are often
faced with complex decisions that need
to be made rapidly in the setting of an
uncertain prognosis, especially in cases
of traumatic brain injury (TBI) and severe
intracranial hemorrhage (ICH).22,23

Decision aids are interactive videos or
written tools designed to help patients or
surrogates account for their values when
making an informed choice, and have
been developed for some conditions
including TBI and ICH.24,25

Clinical Trials and Research Ethics
Informed consent is an ethical standard
and legal requirement for human subject
research. Therapeutic misconception, in which
the potential research participant inap-
propriately expects a personal therapeutic
benefit from a research study, is a chal-
lenge to obtaining truly informed con-
sent.26,27 This concept is not unique to
neurosurgery research, but may be
heightened in patients with severe illness
and in situations where existing
treatments offer only minimal benefit
(e.g., high-grade tumors, TBI).26,28

Trial design for neurosurgery poses
additional challenges. Randomized
controlled trials for a surgical intervention
require clinical equipoise between the 2
treatments—a lack of consensus between
experts in the field on which treatment is
superior—to avoid the possibility of
withholding a treatment with a known,
superior benefit.29 Using sham surgery as
a placebo group in deep brain
stimulation (DBS) trials can pose
significant risk to patients, such as
general anesthesia and infection, without
possibility of benefit.30,31 This risk can
potentially be mitigated by crossover
study design.30,31 Research studies
involving implantable technology raise
questions about post-trial care of patients
with trial-related implants, including who
should fund the management of this de-
vice after the study period ends.32-36

Emerging Technologies
Modern neurosurgery is inextricable from
evolving neurotechnology. Braine
computer interfaces (BCI) include sys-
tems that measure and record neural ac-
tivity (“read”) or introduce change via
stimulation to an area of the brain
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(“write”). These advanced neuro-
technologies could revolutionize treatment
of movement disorders and has potential
utility in psychiatric disorders.37,38 Beyond
restoring impaired function,
neurotechnologies could eventually be
used to enhance normal function, such
as memory or cognition. What
constitutes so-called enhancement and
where the line between acceptable and
unacceptable therapeutic gain lies is an
area of long-standing debate.39,40

A BCI that can pick up real-time neural
activity and respond in some fashion by
providing stimulation is considered a
closed-loop system and could feasibly run
without external, human oversight.39

While the possibility of a closed-loop
system may lead to more effective, pre-
cise neuromodulation and minimize side
effects, it could also alter cognition,
mood, and memory, raising complicated
questions about identity, free will, auton-
omy, data storage, and privacy.33

Neurochips, neuroprostheses, applica-
tions of brain organoids in brain and spi-
nal cord injury, and use of artificial
intelligence and machine learning in
practice are other areas that deserve
attention.41,42 Neurosurgeons have a
unique vantage point and should be part
of the ethical discussion of these
technologies given their scientific and
procedural expertise.43 While a
philosophical discussion on the nature of
identity, self, and autonomy seems
esoteric, patients may discuss these
topics with their neurosurgeons as
therapies become available.40,44

Finally, some argue the cost of devel-
oping new treatments that will only
benefit select or well-resourced patients
instead of being directed towards
improving access to existing, cheaper
treatments.43 There is a possibility of
direct-to-consumer BCI products, an idea
popularized by the creation of Elon Musk’s
company, NeuraLink.20 Clinicians will
likely be faced with questions from
patients about how to act on data
generated by these direct-to-consumer
products.

Innovation in the Operating Room
The “gray zone” between surgeon-specific
variation in technique and introduction of
WORLD NEUROSURGERY, http
major new technologies in the operating
room presents challenges to oversight,
regulation, and liability.45-47 Guidelines
for device assessment, such as the IDEAL
framework, which proposes criteria for
each step of a new device: Idea, Develop-
ment/Exploration, Assessment, Long-term
study (IDEAL), are a strategy for regulation
in this sphere.45

Patients should be presented with the
risks and benefits of the novel technology;
however, lack of robust and long-term
data for recently introduced technologies
make it difficult for both patients and
clinicians to have a complete understand-
ing.48 Every effort should be made to
communicate the uncertainty of new
technology versus the standard of care in
the consent process.48,49

Device representatives are often present
in the operating room to assist in deploying
and troubleshooting technology. Presence
of and dependence on device representa-
tives may be inevitable and could improve
outcomes by ensuring consistent use of
technology; however, there is not clear
consensus on how much neurosurgeons
should rely on representatives’ knowl-
edge.50 Device representatives’ presence
and evolving autonomy of surgical devices
may raise concerns if something goes
wrong.51 As robots become a bigger part
of neurosurgical practice, the possibility
of semi and fully autonomous robots
raises ethical and legal questions. Finally,
neurosurgeons’ relationships with
industry create conflicts of interest.
Conflicts of interest are not in and of
themselves problematic but need careful
attention to mitigate risk of inadvertent
bias and exploitation.46,47,52

Equity and Justice
Historically, medical bioethics focused
primarily on interactions between pro-
viders and patients—which can be
thought of as medical microcosms (i.e., on a
small scale). Equity and justice are relevant
to microcosm interactions, such as
ensuring fair and equitable treatment of
post-operative pain, offering treatments in
an unbiased fashion, and decision-making
in the setting of prognostic uncertainty.53

Decisions about withdrawing life-
sustaining treatment in patients with
devastating brain injury are likewise
s://doi.org/10.1016/j.wneu.2024.07.051
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Figure 1. Examples of bioethical questions in different realms of neurosurgery.
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ambiguous and vary across patients with
different socioeconomic, demographic,
and religious backgrounds.54

Advancing health equity also requires
attention towardsmedical macrocosms (i.e., on
a large scale)—the complex interplay be-
tween health systems, providers, patients,
and society. Neurosurgical outcomes are
not equivalent across income and race, and
previous research has shown that social and
structural determinants of health play a
major role in these differences.55
WORLD NEUROSURGERY 190: 181-186,
Neurosurgical care is not distributed
equally or justly.56 For example, Hispanic
and Native American people on average
need to travel further to see a
neurosurgeon in the United States than
other racial/ethnic groups.57 Even for
those close to a neurosurgical center, cost
can be prohibitive.39,58 Dissemination of
new technology across health care systems
in the United States can be slow.
Innovation is often clustered near
academic research centers with highly
OCTOBER 2024 www.journals.el
trained specialists. Access to new
technology lags in rural areas.59

While neurosurgical resources are
disproportionately concentrated in high in-
comenations, there is an enormousneed for
surgical care in developing nations and the
Global South,with theneed for an estimated
5 million essential neurosurgical cases are
unmet each year.60 There is an ethical
imperative to expand neurosurgical
capacity, and critically examining volunteer
endeavors in global neurosurgery with a
sevier.com/world-neurosurgery 183
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Figure 2. Proposal for integration of bioethics within neurosurgery.
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bioethics lens can help ensure that these
efforts are focused on capacity building,
engaging local resources, and providing
sustainable solutions, rather than medical
“voluntourism.”61-65
WHAT’S NEW IN BIOETHICS?

Here we highlight two emerging areas of
interest in the field of bioethics that have
relevance to neurosurgery.
Community Engagement and Bidirectional
Research
Engagement of patients, patient advo-
cates, communities, and care providers in
all stages of the research process is a
strategy to incorporate patient and com-
munity values and interests in research
aims, mitigate medical mistrust, promote
the dissemination of research findings,
and increase and diversify study enroll-
ment.66-69 A related concept is bidirec-
tional research—the idea that patients
should be included in each step of
research.70 While these approaches have
benefits, they also raise questions about
potential for conflicts of interest and
coercion, differing sources and forms of
expertise between patients and clinicians,
and the unequal power dynamics
between community members and
medical professionals.71
184 www.SCIENCEDIRECT.com
Organizational Ethics
Organizational ethics refers to the set of
values that guides the overall mission of
an organization and the ethical issues that
affect healthcare systems and healthcare
delivery on a macroscopic level.72-74 Neu-
rosurgeons may engage in organizational
ethics by advocating for the needs of
neurosurgical patients, health equity, and
justice. Organizational ethics—like shared
professional values—can be used to guide
the actions of the neurosurgery commu-
nity as a whole, such as in oversight of
neurosurgical practice via board certifica-
tion or position statements on topics such
as professionalism and harassment in
organized neurosurgery.75
WHY SHOULD NEUROSURGEONS ENGAGE
IN BIOETHICS?

As evidenced by this overview, neurosur-
geons encounter ethical issues in every
subspeciality and practice setting
(Figure 1). The field of bioethics excels at
identifying and describing ethical issues
and offers both conceptual clarity and
practical tools to approach these
conundrums. For example, bioethicists
may engage in empirical work, such as
describing patient and clinicians’ views
on whether implanted DBS devices
should be removed or kept and
maintained following a research
WORLD NEUROSURGERY, http
study.34,36 Beyond just reporting
descriptively how people view this issue,
bioethicists may provide guidance based
both on data and on principles such as
beneficence, autonomy, non-maleficence,
and justice. For example, guidance
regarding removal or post-trial access and
maintenance of implanted devices may not
be a summary of the dominant view, but
also consider and include the minority’s
views and concerns under the principal of
justice.33,34

Neurosurgeons offer invaluable
perspective to the field of bioethics. At the
front lines of clinical work and research,
neurosurgeons can share their first-hand
experience and help ground theory-based
conversations. Neurosurgeons’ experience
can help to structure, inform, and inter-
pret social science research and ground
bioethics discussions in data (an area of
bioethics termed “empirical bioethics”).
Often, bioethicists make recommenda-
tions on topics relevant to neurosurgeons;
without neurosurgeons “present at the
table”, these recommendations may miss
real-world details. Implementation and
buy-in for these recommendations also
likely lag without neurosurgeon
representation.
Increasing Neurosurgeon Engagement in
Bioethics
Involvement in bioethics can be accom-
plished at several levels (Figure 2).
Professional neurosurgery organizations
and funding bodies can promote
research and investigation in bioethics by
funding fellowships, grants, and calls for
articles and abstracts. There may be a
role for ethics education in neurosurgery
residency, given that medical school
curricula are not focused on the unique
ethical dilemmas faced by
neurosurgeons.76 Neurosurgeons with a
special interest in the field may pursue
ethics fellowships or graduate training
(e.g., the American College of Surgeons-
MacLean Center for Ethics Fellowship
Program).77 In addition, there is
opportunity for interdisciplinary
collaboration with trained ethicists.
Broad perspectives will only serve to
enrich these discussions.78 Some
institutions have implemented initiatives
such as “Bioethics Grand Rounds” to
facilitate such conversations.
s://doi.org/10.1016/j.wneu.2024.07.051
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CONCLUSION

Ethical issues arise in neurosurgery clinic,
the operating room, on the wards, and in
research—both in patienteprovider in-
teractions and on the global health system
level. Bioethics can better equip neuro-
surgeons to face these complex and
essential issues, be that through multi-
disciplinary collaboration, novel research
approaches to ethical dilemmas in neuro-
surgery, and education. There are many
models of bringing bioethics into the
clinical space—including formal training
programs, continuing medical education,
and collaboration with dedicated bio-
ethicists. In turn, bioethics will be
strengthened by neurosurgeon involve-
ment, who can share their unique experi-
ence and expertise.
CRediT AUTHORSHIP CONTRIBUTION
STATEMENT

Alexandra J. White: Conceptualization,
Writing e original draft. Margot Kelly-
Hedrick: Conceptualization, Writing e
original draft. Stephen P. Miranda:
Writing e review & editing. Mariam M.
Abdelbarr: Writing e review & editing.
Gabriel Lázaro-Muñoz: Writing e review
& editing. Nader Pouratian: Writing e
review & editing. Francis Shen: Writing e
review & editing. Brian V. Nahed: Writing
e review & editing. Theresa Williamson:
Conceptualization, Writing e review &
editing.

REFERENCES

1. Umansky F, Black PL, DiRocco C, et al. Statement
of ethics in neurosurgery of the world federation
of neurosurgical societies. World Neurosurg. 2011;
76:239-247.

2. Ammar A, Bernstein M, eds. Neurosurgical Ethics in
Practice: Value-based Medicine. New York, NY:
Springer; 2014.

3. Honeybul S, ed. Ethics in Neurosurgical Practice. New
York, NY: Cambridge University Press; 2020.

4. Emerging Issues Task Force, International Neu-
roethics Society. Neuroethics at 15: the current
and future environment for neuroethics. AJOB
Neurosci. 2019;10:104-110.

5. Appelbaum PS. Clinical practice. Assessment of
patients’ competence to consent to treatment.
N Engl J Med. 2007;357:1834-1840.

6. Shlobin NA, Sheldon M, Lam S. Informed consent
in neurosurgery: a systematic review. Neurosurg
Focus. 2020;49:1-10.
WORLD NEUROSURGERY 190: 181-186,
7. Henderson F, Abdullah KG, Verma R, Brem S.
Tractography and the connectome in neurosur-
gical treatment of gliomas: the premise, the
progress, and the potential. Neurosurg Focus. 2020;
48:e6.

8. Wang Y, Wang X, Wang K, Zhao B, Chen X.
Decision-making impairments under ambiguous
and risky situations in patients with prefrontal
tumor: a neuropsychological study. Brain Behav.
2021;11:e01951.

9. Gerstenecker A, Duff K, Meneses K, Fiveash JB,
Nabors LB, Triebel KL. Cognitive predictors of
reasoning through treatment decisions in patients
with newly diagnosed brain metastases. J Int
Neuropsychol Soc. 2015;21:412-418.

10. Triebel KL, Martin RC, Nabors LB, Marson DC.
Medical decision-making capacity in patients with
malignant glioma. Neurol. 2009;73:2086-2092.

11. Gerstenecker A, Meneses K, Duff K, Fiveash JB,
Marson DC, Triebel KL. Cognitive predictors of
understanding treatment decisions in patients
with newly diagnosed brain metastasis. Cancer.
2015;121:2013-2019.

12. Bernstein M. Neuro-oncology: under-recognized
mental incapacity in brain tumour patients. Nat
Rev Neurol. 2014;10:487-488.

13. Pace A, Koekkoek JAF, van den Bent MJ, et al.
Determining medical decision-making capacity in
brain tumor patients: why and how? Neurooncol
Pract. 2020;7:599-612.

14. Kerrigan S, Dengu F, Erridge S, Grant R,
Whittle IR. Recognition of mental incapacity
when consenting patients with intracranial tu-
mours for surgery: how well are we doing? Br J
Neurosurg. 2012;26:28-31.

15. Fins JJ. From psychosurgery to neuromodulation
and palliation: history’s lessons for the ethical
conduct and regulation of neuropsychiatric
research. Neurosurg Clin. 2003;14:303-319.

16. Shen F. The overlooked history of neurolaw.
Fordham Law Rev. 2016;85:667.

17. Shalowitz DI, Garrett-Mayer E, Wendler D. The
accuracy of surrogate decision makers: a system-
atic review. Arch Intern Med. 2006;166:493-497.

18. Stewart R, Canzona M, Dixon K, et al. 804: Cor-
relation of family and provider perceptions on
quality of communication in neurologic emer-
gencies. Crit Care Med. 2016;44:277.

19. Kiker WA, Rutz Voumard R, Andrews LIB, et al.
Assessment of discordance between physicians
and family members regarding prognosis in pa-
tients with severe acute brain injury. JAMA Netw
Open. 2021;4:e2128991.

20. Brouwer M, Maeckelberghe ELS, Brincke HT,
Meulenbeek-Ten Brincke M, Verhagen E. Pediatric
brain tumors: narrating suffering and end-of-life
decisionmaking. Camb Q Healthc Ethics. 2020;29:
338-345.

21. Muñoz KA, Blumenthal-Barby J, Storch EA,
Torgerson L, Lázaro-Muñoz G. Pediatric deep
brain stimulation for dystonia: current state and
OCTOBER 2024 www.journals.el
ethical considerations. Camb Q Healthc Ethics. 2020;
29:557-573.

22. Williamson T, Ryser MD, Abdelgadir J, et al.
Surgical decision making in the setting of severe
traumatic brain injury: a survey of neurosurgeons.
PLoS One. 2020;15:e0228947.

23. Goostrey K, Muehlschlegel S. Prognostication and
shared decision making in neurocritical care. BMJ.
2022;377:e060154.

24. Muehlschlegel S, Hwang DY, Flahive J, et al.
Goals-of-care decision aid for critically ill patients
with TBI: development and feasibility testing.
Neurol. 2020;95:E179-E193.

25. Goostrey KJ, Lee C, Jones K, et al. Adapting a
traumatic brain injury goals-of-care decision aid
for critically ill patients to intracerebral hemor-
rhage and hemispheric acute ischemic stroke. Crit
Care Explor. 2021;3:e0357.

26. Lidz CW, Appelbaum PS. The therapeutic
misconception: problems and solutions. Med Care.
2002;40(9 Suppl):V55-V63.

27. Appelbaum PS, Roth LH, Lidz C. The therapeutic
misconception: informed consent in psychiatric
research. Int J Law Psychiatr. 1982;5:319-329.

28. Kaur J, Egladyous A, Valdivia C, et al. Neuro-
oncology patients as human research subjects:
ethical considerations for cognitive and behavioral
testing for research purposes. Cancers (Basel). 2022;
14:692.

29. Freedman B. Equipoise and the ethics of clinical
research. N Engl J Med. 1987;317:141-145.

30. Fung EK, Loré JM. Randomized controlled trials
for evaluating surgical questions. Arch Otolaryngol
Head Neck Surg. 2002;128:631-634.

31. Holtzheimer PE, Husain MM, Lisanby SH, et al.
Subcallosal cingulate deep brain stimulation for
treatment-resistant depression: a multisite, rand-
omised, sham-controlled trial. Lancet Psychiatr.
2017;4:839-849.

32. Sierra-Mercado D, Zuk P, Beauchamp MS, et al.
Device removal following brain implant research.
Neuron. 2019;103:759-761.

33. Muñoz KA, Kostick K, Sanchez C, et al.
Researcher perspectives on ethical considerations
in adaptive deep brain stimulation trials. Front
Hum Neurosci. 2020;14:578695.

34. Lázaro-Muñoz G, Yoshor D, Beauchamp MS,
Goodman WK, McGuire AL. Continued access to
investigational brain implants. Nat Rev Neurosci.
2018;19:317-318.

35. Lázaro-Muñoz G, Pham MT, Muñoz KA, et al.
Post-trial access in implanted neural device
research: device maintenance, abandonment, and
cost. Brain Stimul. 2022;15:1029-1036.

36. Sankary LR, Zelinsky M, Machado A, Rush T,
White A, Ford PJ. Exit from brain device research:
a modified grounded theory study of researcher
obligations and participant experiences. AJOB
Neurosci. 2022;13:215-226.
sevier.com/world-neurosurgery 185

http://refhub.elsevier.com/S1878-8750(24)01191-4/sref1
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref1
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref1
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref1
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref2
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref2
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref2
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref3
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref3
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref4
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref4
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref4
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref4
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref5
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref5
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref5
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref6
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref6
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref6
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref7
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref7
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref7
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref7
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref7
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref8
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref8
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref8
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref8
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref8
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref9
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref9
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref9
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref9
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref9
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref10
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref10
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref10
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref11
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref11
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref11
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref11
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref11
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref12
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref12
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref12
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref13
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref13
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref13
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref13
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref14
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref14
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref14
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref14
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref14
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref15
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref15
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref15
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref15
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref16
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref16
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref17
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref17
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref17
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref18
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref18
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref18
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref18
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref19
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref19
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref19
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref19
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref19
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref20
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref20
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref20
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref20
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref20
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref21
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref21
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref21
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref21
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref21
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref22
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref22
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref22
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref22
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref23
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref23
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref23
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref24
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref24
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref24
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref24
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref25
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref25
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref25
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref25
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref25
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref26
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref26
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref26
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref27
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref27
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref27
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref28
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref28
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref28
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref28
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref28
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref29
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref29
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref30
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref30
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref30
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref31
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref31
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref31
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref31
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref31
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref32
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref32
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref32
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref33
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref33
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref33
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref33
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref34
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref34
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref34
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref34
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref35
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref35
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref35
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref35
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref36
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref36
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref36
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref36
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref36
www.journals.elsevier.com/world-neurosurgery


LITERATURE REVIEW

ALEXANDRA J. WHITE ET AL. BIOETHICS AND NEUROSURGERY
37. Shivacharan RS, Rolle CE, Barbosa DAN, et al.
Pilot study of responsive nucleus accumbens deep
brain stimulation for loss-of-control eating. Nat
Med. 2022;28:1791-1796.

38. Lozano AM, Lipsman N, Bergman H, et al. Deep
brain stimulation: current challenges and future
directions. Nat Rev Neurol. 2019;15:148.

39. Kostick-Quenet K, Kalwani L, Koenig B, et al.
Researchers’ ethical concerns about using adap-
tive deep brain stimulation for enhancement. Front
Hum Neurosci. 2022;16:813922.

40. Zuk P, Sanchez CE, Kostick-Quenet K, et al.
Researcher views on changes in personality,
mood, and behavior in next-generation deep
brain stimulation. AJOB Neurosci. 2022;14:1-13.

41. Chen HI, Wolf JA, Blue R, et al. Transplantation
of human brain organoids: revisiting the science
and ethics of brain chimeras. Cell Stem Cell. 2019;
25:462.

42. McCabe JP, Henniger D, Perkins J, Skelly M,
Tatsuoka C, Pundik S. Feasibility and clinical
experience of implementing a myoelectric upper
limb orthosis in the rehabilitation of chronic
stroke patients: a clinical case series report. PLoS
One. 2019;14:e0215311.

43. Chari A, Budhdeo S, Sparks R, et al. Brain-ma-
chine interfaces: the role of the neurosurgeon.
World Neurosurg. 2021;146:140-147.

44. Lipsman N, Zener R, Bernstein M. Personal
identity, enhancement and neurosurgery: a qual-
itative study in applied neuroethics. Bioethics.
2009;23:375-383.

45. McCulloch P, Altman DG, Campbell WB, et al. No
surgical innovation without evaluation: the IDEAL
recommendations. Lancet. 2009;374:1105-1112.

46. Babu MA, Heary RF, Nahed BV. Device innovation
in neurosurgery: controversy, learning, and future
directions. Neurosurg. 2012;70:789-794.

47. Bernstein M, Bampoe J. Surgical innovation or
surgical evolution: an ethical and practical guide
to handling novel neurosurgical procedures.
J Neurosurg. 2004;100:2-7.

48. Morgan RB, Angelos P. Ethical considerations
when implementing new technology into the
operating room. Laparosc Surg. 2022;6:1-6.

49. Stevens I, Cenolli I, Kim R, et al. Advanced neu-
rotechnology and informed consent in neurosur-
gery: ethical and legal perspectives. Congr Q. 2023;
24:6-7.

50. Howard M, Hutchinson K. Industry technicians
embedded in clinical teams: impacts on medical
knowledge. Hastings Cent Rep. 2022;52:41-48.

51. Williams S, Horsfall HL, Funnell JP, et al. Artificial
intelligence in brain tumour surgery-an emerging
paradigm. Cancers. 2021;13:5010.

52. White AP, Vaccaro AR, Zdeblick T. Counterpoint:
physician-industry relationships can be ethically
established, and conflicts of interest can be ethi-
cally managed. Spine. 2007;32(11 Suppl):S53-S57.
186 www.SCIENCEDIRECT.com
53. Chakravarthy VB, Applewhite MK, Krishnaney AA.
Ethics of decision-making in metastatic spinal
disease. World Neurosurg. 2021;148:1-3.

54. Williamson T, Ryser MD, Ubel PA, et al. With-
drawal of life-supporting treatment in severe
traumatic brain injury. JAMA Surg. 2020;155:
723-731.

55. Glauser G, O’Connor A, Brintzenhoff J, Roth SC,
Malhotra NR, Cabey WV. A scoping review of the
literature on the relationship between social and
structural determinants of health and neurosur-
gical outcomes. World Neurosurg. 2022;158:24-33.

56. Oshotse CO, Roytman MV, Gitobu PN, et al.
“Neurotech justice” in the clinic: key takeaways
from the harvard medical school center for
bioethics neurotech justice summit. Congr Q. 2023;
24:18-19.

57. Perera S, Hervey-Jumper SL, Mummaneni PV,
et al. Do social determinants of health impact
access to neurosurgical care in the United States?
A workforce perspective. J Neurosurg. 2022;137:
867-876.

58. Young MJ, Edlow BL. The quest for covert con-
sciousness: bringing neuroethics to the bedside.
Neurol. 2021;96:893-896.

59. Jarchum I. The ethics of neurotechnology. Nat
Biotechnol. 2019;37:993-996.

60. Dewan MC, Rattani A, Fieggen G, et al. Global
neurosurgery: the current capacity and deficit in
the provision of essential neurosurgical care. Ex-
ecutive summary of the global neurosurgery
initiative at the program in global surgery and
social change. J Neurosurg. 2018;130:1055-1064.

61. Rutka JT. Editorial. Global neurosurgery and our
social responsibility. J Neurosurg. 2019;130:
1050-1052.

62. Rosseau G. Global neurosurgery section intro-
duction-neurosurgery’s “moon shot.”. Neurosurg.
2022;91:527-528.

63. Germano IM, ed. Neurosurgery and Global Health.
Berlin, Germany: Springer; 2022.

64. Cobianchi L, Dal Mas F, Massaro M, et al. Team
dynamics in emergency surgery teams: results
from a first international survey. World J Emerg
Surg. 2021;16:47.

65. Grant CL, Robinson T, Al Hinai A, MacK C,
Guilfoyle R, Saleh A. Ethical considerations in
global surgery: a scoping review. BMJ Glob Health.
2020;5:2319.

66. Ahmed SM, Palermo AGS. Community engage-
ment in research: frameworks for education and
peer review. Am J Publ Health. 2010;100:1380-1387.

67. Holzer JK, Ellis L, Merritt MW. Why we need
community engagement in medical research.
J Invest Med. 2014;62:851-855.

68. Hudson KL, Lauer MS, Collins FS. Toward a new
era of trust and transparency in clinical trials.
JAMA. 2016;316:1353-1354.
WORLD NEUROSURGERY, http
69. Deverka PA, Bangs R, Kreizenbeck K, et al. A new
framework for patient engagement in cancer
clinical trials cooperative group studies. J Natl
Cancer Inst. 2018;110:553-559.

70. Haynes EN, Beidler C, Wittberg R, et al. Devel-
oping a bidirectional academic-community part-
nership with an Appalachian-American
community for environmental health research and
risk communication. Environ Health Perspect. 2011;
119:1364-1372.

71. Anderson EE, Solomon S, Heitman E, et al.
Research ethics education for community-
engaged research: a review and research agenda.
J Empir Res Hum Res Ethics. 2012;7:3-19.

72. Suhonen R, Stolt M, Virtanen H, Leino-Kilpi H.
Organizational ethics: a literature review. Nurs
Ethics. 2011;18:285-303.

73. Cherry MJ. Clinical and organizational ethics:
challenges to methodology and practice. HEC
Forum. 2020;32:191-197.

74. Lahey T, DeRezo EG, Crites J, Fanning J,
Huberman BJ, Slosar JP. Building an organiza-
tional ethics program on a clinical ethics foun-
dation. J Clin Ethics. 2020;31:259-267.

75. Air EL, Orrico KO, Benzil DL, et al. Developing a
professionalism and harassment policy for orga-
nized neurosurgery. J Neurosurg. 2021;134:
1355-1356.

76. Miranda SP, Schaefer KG, Vates GE, Gormley WB,
Buss MK. Palliative care and communication
training in neurosurgery residency: results of a
trainee survey. J Surg Educ. 2019;76:1691-1702.

77. Andolfi C, Zimmermann C, Bodden LO,
Hogikyan ND, Siegler M, Angelos P. Clinical
medical ethics training for surgeons: the MacLean
Center experience. J Am Coll Surg. 2020;231:S83.

78. Holly LT, Ashley WW, Nduom EK, Pennicooke B,
Spence CA, Welch BG. Letter to the Editor.
Diversity-related studies in neurosurgery: con-
cerns and suggestions. J Neurosurg Spine. 2022;37:
781-782.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Part of this work was presented as an e-poster at the
Congress for Neurological Surgeons Annual Meeting in San
Francisco, CA in October 2022.

Received 5 June 2024; accepted 5 July 2024

Citation: World Neurosurg. (2024) 190:181-186.
https://doi.org/10.1016/j.wneu.2024.07.051

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2024 Elsevier Inc. All
rights are reserved, including those for text and data mining,
AI training, and similar technologies.
s://doi.org/10.1016/j.wneu.2024.07.051

http://refhub.elsevier.com/S1878-8750(24)01191-4/sref37
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref37
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref37
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref37
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref38
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref38
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref38
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref39
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref39
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref39
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref39
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref40
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref40
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref40
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref40
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref41
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref41
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref41
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref41
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref42
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref43
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref43
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref43
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref44
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref44
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref44
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref44
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref45
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref45
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref45
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref46
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref46
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref46
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref47
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref47
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref47
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref47
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref48
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref48
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref48
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref49
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref49
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref49
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref49
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref50
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref50
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref50
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref51
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref51
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref51
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref52
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref52
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref52
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref52
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref53
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref53
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref53
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref54
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref54
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref54
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref54
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref55
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref55
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref55
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref55
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref55
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref56
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref56
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref56
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref56
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref56
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref57
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref57
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref57
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref57
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref57
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref58
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref58
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref58
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref59
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref59
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref60
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref61
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref61
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref61
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref62
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref62
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref62
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref63
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref63
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref64
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref64
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref64
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref64
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref65
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref65
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref65
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref65
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref66
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref66
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref66
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref67
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref67
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref67
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref68
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref68
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref68
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref69
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref69
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref69
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref69
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref70
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref71
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref71
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref71
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref71
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref72
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref72
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref72
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref73
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref73
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref73
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref74
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref74
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref74
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref74
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref75
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref75
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref75
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref75
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref76
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref76
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref76
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref76
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref77
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref77
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref77
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref77
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref78
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref78
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref78
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref78
http://refhub.elsevier.com/S1878-8750(24)01191-4/sref78
https://doi.org/10.1016/j.wneu.2024.07.051
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.07.051

	Bioethics and Neurosurgery: An Overview of Existing and Emerging Topics for the Practicing Neurosurgeon
	Introduction
	Key Issues
	Informed Consent and Capacity
	Clinical Trials and Research Ethics
	Emerging Technologies
	Innovation in the Operating Room
	Equity and Justice

	What's New in Bioethics?
	Community Engagement and Bidirectional Research
	Organizational Ethics

	Why Should Neurosurgeons Engage in Bioethics?
	Increasing Neurosurgeon Engagement in Bioethics

	Conclusion
	flink6
	References


