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For my mother

Non viribus aut velocitate aut celeritate corporum res magnae geruntur, sed consilio
auctoritate sententia

(It is not by muscle, speed, or physical dexterity that great things are achieved, but
by reflection, force of character, and judgement)

Marcus Tulius Cicero (De Senectute 17)
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Preface

eurosurgery has come a long way during the past century as a result of continuous
N innovation. The quality of care provided by neurosurgeons today is the result of
previous innovative neurosurgeons, including pioneers such as Dr. Harvey Cushing
and Dr. Gazi Yasargil, that wanted to provide better outcomes for their patients.>
There are endless examples of how neurosurgical innovation has resulted in improved
patients’ outcomes. These include microsurgical aneurysm clipping, awake resec-
tions, and epileptic surgery.> 3 '> These innovations are not limited to strictly sur-
gical innovations and also include revolutions in imaging, new pharmaceuticals, radi-
ation, and perioperative care.” > 4 As a result, neurosurgery in its current form would
be unrecognizable to neurosurgeons a hundred years ago. Nevertheless, outcomes of
many neurosurgical patients, and neuro-oncological patients in particular, remain
poor and warrant further improvement." This improvement will require continuous
innovation and improvement of the innovation process.

Despite the need for continuous innovation, the manner of introduction of neuro-
surgical innovations has hardly changed over the last fifty years. Most neurosurgical
innovations are introduced as an alteration of previous procedures or as a broaden-
ing of indications. Neurosurgeons may also be faced with a challenging case which
forces them to innovate when no other options are available. Neurosurgical inno-
vations may also only become apparent in retrospect. This is in stark contrast with
pharmaceuticals, which have to be evaluated according to strict guidelines and re-
ceive official approval.’> Not all neurosurgical innovations have been beneficial to pa-
tients and some have turned out to be downright detrimental to patients, such as the
frontal lobotomy.” The manner in which neurosurgical innovation takes place may,
therefore, be improved. In this thesis, several neurosurgical innovations, manners of
outcome evaluation, related ethics, and potential manners for improvement of inno-
vation are evaluated.

In part I, the current status of neurosurgical innovation will be evaluated. Several
recent innovations such as the Woven Endobrigde device® (chapter 1), retreatment
for intracranial aneurysms (chapter 2), and endoscopic endonasal meningioma re-
section (chapter 3) will be evaluated. Chapter 4 will evaluate the applicability of
randomized control trials (RCT) in neurosurgery as a manner of ethical innovation.
This chapter describes what the advantages and disadvantages are of RCTs in neuro-
surgery.

Part II will focus on the ethical evaluation of neurosurgical innovation. Chapter
5 describes the ethics related to oversight and regulation of medical devices introduc-
tion. Ethics related to conflicts of interest in neurosurgery are discussed in chapter
6. Chapter 7 describes how procedural innovations may be introduced in an ethical
manner. Chapter 8 reviews the implications of the learning curve that comes with
innovative surgery. Finally, respect for autonomy in emergency neurosurgery and
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innovation in such a scenario is discussed in chapter g.

Part III focuses on the applicability of available frameworks for neurosurgical
innovation. Chapter 10 describes the evaluation of the Idea, Development, Explo-
ration, Assessment, Long-term study (IDEAL) Framework for neurosurgery and dis-
cusses how it may be applied in neurosurgery.® Chapter 11 describes the applicability
of the learning health systems (LHS) in neurosurgery for potential improvement of
the current situation from both a practical and an ethical perspective. This will pro-
vide insight into how neurosurgical innovation may be improved in both an ethical
and practical manner and thereby improve patients’ outcomes.

Ivo S. Muskens
The Hague, February 2021
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