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ABSTRACT 
 

I argue that this examination and appreciation for the shift to abductive reasoning should be extended to the 
intersection of neuroscience and novel brain-computer interfaces too. This paper highlights the implications 
of applying abductive reasoning to personalized implantable neurotechnologies. Then, it explores whether 
abductive reasoning is sufficient to justify insurance coverage for devices absent widespread clinical trials, 
which are better applied to one-size-fits-all treatments 
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INTRODUCTION 

In contrast to the classic model of randomized-control trials, often with a large number of subjects enrolled, 
precision medicine attempts to optimize therapeutic outcomes by focusing on the individual.1  A recent 
publication highlights the strengths and weakness of both traditional evidence-based medicine and precision 
medicine.2 Plus, it outlines a tension in the shift from evidence-based medicine’s inductive reasoning style 
(the collection of data to postulate general theories) to precision medicine’s abductive reasoning style (the 
generation of an idea from the limited data available).3  The paper’s main example is the application of 
precision medicine for the treatment of cancer.4 I argue that this examination and appreciation for the shift 
to abductive reasoning should be extended to the intersection of neuroscience and novel brain-computer 
interfaces too.  

As the name suggests, brain-computer interfaces are a significant advancement in neurotechnology that 
directly connects someone’s brain to external or implanted devices.5 Among the various kinds of brain-
computer interfaces, adaptive deep brain stimulation devices require numerous personalized adjustments 
to their settings during the implantation and computation stages in order to provide adequate relief to 
patients with treatment-resistant disorders. What makes these devices unique is how adaptive deep brain 
stimulation integrates a sensory component to initiate the stimulation. While not commonly at the level of 
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sophistication as self-supervising or generative large language models,6  they currently allow for a semi-
autonomous form of neuromodulation. This paper highlights the implications of applying abductive 
reasoning to personalized implantable neurotechnologies. Then, it explores whether abductive reasoning is 
sufficient to justify insurance coverage for devices absent widespread clinical trials, which are better applied 
to one-size-fits-all treatments.7 

ANALYSIS 

I. The State of Precision Medicine in Oncology and the Epistemological Shift  

While a thorough overview of precision medicine for the treatment of cancer is beyond the scope of this 
article, its practice can be roughly summarized as identifying clinically significant characteristics a patient 
possesses (e.g., genetic traits) to land on a specialized treatment option that, theoretically, should benefit 
the patient the most.8 However, in such a practice of stratification patients fall into smaller and smaller 
populations and the quality of evidence that can be applied to anyone outside these decreases in turn.9 As 
inductive logic helps to articulate, the greater the number of patients that respond to a particular therapy 
the higher the probability of its efficacy. By straying from this logical framework, precision medicine opens 
the treatment of cancer to more uncertainty about the validity of these approaches to the resulting disease 
subcategories. 10  Thus, while contemporary medical practices explicitly describe some treatments as 
“personalized”, they ought not be viewed as inherently better founded than other therapies.11  

A relevant contemporary case of precision medicine out of Norway focuses on the care of a patient with 
cancer between the ventricles of the heart and esophagus, which had failed to respond to the standard 
regimen of therapies over four years.12 In a last-ditch effort, the patient elected to pay out-of-pocket for an 
experimental immunotherapy (nivolumab) at a private hospital. He experienced marked improvements and 
a reduction in the size of the tumor. Understandably, the patient tried to pursue further rounds of nivolumab 
at a public hospital. However, the hospital initially declined to pay for it given the “lack of evidence from 
randomised clinical trials for this drug relating to this [patient’s] condition.”13 In rebuttal to this claim, the 
patient countered that he was actually similar to a subpopulation of patients who responded in “open-label, 
single arm, phase 2 studies on another immune therapy drug” (pembrolizumab).14 Given this interpretation 
of the prior studies and the patient’s response, further rounds of nivolumab were approved. Had the patient 
not had improvements in the tumor’s size following a round of nivolumab, then pembrolizumab’s prior 
empirical evidence in isolation would have been insufficient, inductively speaking, to justify his continued use 
of nivolumab.15 

The case demonstrates a shift in reasoning from the traditional induction to abduction. The phenomenon of 
‘cancer improvement’ is considered causally linked to nivolumab and its underlying physiological 
mechanisms.16  However, “the weakness of abductions is that there may always be some other better, 
unknown explanation for an effect. The patient may for example belong to a special subgroup that 
spontaneously improves, or the change may be a placebo effect. This does not mean, however, that 
abductive inferences cannot be strong or reasonable, in the sense that they can make a conclusion 
probable.”17 To demonstrate the limitations of relying on the abductive standard in isolation, commentators 
have pointed out that side effects in precision medicine are hard to rule out as being related to the initial 
intervention itself unless trends from a group of patients are taken into consideration.18  

As artificial intelligence (AI) assists the development of precision medicine for oncology, this uncertainty 
ought to be taken into consideration. The implementation of AI has been crucial to the development of 
precision medicine by providing a way to combine large patient datasets or a single patient with a large 
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number of unique variables with machine learning to recommend matches based on statistics and probability 
of success upon which practitioners can base medical recommendations.19 The AI is usually not establishing 
a causal relationship20 – it is predicting. So, as AI bleeds into medical devices, like brain-computer interfaces, 
the same cautions about using abductive reasoning alone should be carried over. 

II. Responsive Neurostimulation, AI, and Personalized Medicine  

Like precision medicine in cancer treatment, computer-brain interface technology similarly focuses on the 
individual patient through personalized settings. In order to properly expose the intersection of AI, precision 
medicine, abductive reasoning, and implantable neurotechnologies, the descriptions of adaptive deep brain 
stimulation systems need to deepen.21 As a broad summary of adaptive deep brain stimulation, to provide a 
patient with the therapeutic stimulation, a neural signal, typically referred to as a local field potential,22 must 
first be detected and then interpreted by the device. The main adaptive deep brain stimulation device with 
premarket approval, the NeuroPace Responsive Neurostimulation system, is used to treat epilepsy by 
detecting and storing “programmer-defined phenomena.”23 Providers can optimize the detection settings of 
the device to align with the patient’s unique electrographic seizures as well as personalize the reacting 
stimulation’s parameters.24 The provider adjusts the technology based on trial and error. One day machine 
learning algorithms will be able to regularly aid this process in myriad ways, such as by identifying the specific 
stimulation settings a patient may respond to ahead of time based on their electrophysiological signatures.25 
Either way, with AI or programmers, adaptive neurostimulation technologies are individualized and therefore 
operate in line with precision medicine rather than standard treatments based on large clinical trials. 

Contemporary neurostimulation devices are not usually sophisticated enough to be prominent in AI 
discussions where the topics of neural networks, deep learning, generative models, and self-attention 
dominate the conversation. However, implantable high-density electrocorticography arrays (a much more 
sensitive version than adaptive deep brain stimulation systems use) have been used in combination with 
neural networks to help patients with neurologic deficits from a prior stroke “speak” through a virtual 
avatar.26 In some experimental situations, algorithms are optimizing stimulation parameters with increasing 
levels of independence.27 An example of neurostimulation that is analogous to the use of nivolumab in 
Norway surrounds a patient in the United States who was experiencing both treatment-resistant OCD and 
temporal lobe epilepsy.28 Given the refractory nature of her epilepsy, implantation of an adaptive deep brain 
stimulation system was indicated. As a form of experimental therapy, her treatment-resistant OCD was also 
indicated for the off-label use of an adaptive deep brain stimulation set-up. Another deep brain stimulation 
lead, other than the one implanted for epilepsy, was placed in the patient’s right nucleus accumbens and 
ventral pallidum region given the correlation these nuclei had with OCD symptoms in prior research. 
Following this, the patient underwent “1) ambulatory, patient-initiated magnet-swipe storage of data during 
moments of obsessive thoughts; (2) lab-based, naturalistic provocation of OCD-related distress (naturalistic 
provocation task); and (3) lab-based, VR [virtual reality] provocation of OCD-related distress (VR provocation 
task).”29 Such signals were used to identify when to deliver the therapeutic stimulation in order to counter 
the OCD symptoms. Thankfully, following the procedure and calibration the patient exhibited marked 
improvements in their OCD symptoms and recently shared her results publicly.30  

In both cases, there is a similar level of abductive justification for the efficacy of the delivered therapy. In the 
case study in which the patient was treated with adaptive deep brain stimulation, they at least had their 
neural activity tested in various settings to determine the optimum parameters for treatment to avoid them 
being based on guesswork. Additionally, the adaptive deep brain stimulation lead was already placed before 
the calibration trials were conducted, meaning that the patient had already taken on the bulk of the 
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procedural risk before the efficacy could be determined. Such an efficacy test could have been replicated in 
the first patient’s cancer treatment, had it been biopsied and tested against the remaining immunotherapies 
in vitro. Yet, in the case of cancer with few options, one previous dose of a drug that appeared to work on 
the patient may justify further doses. However, as the Norwegian case presents, corroboration with known 
responses to a similar drug (from a clinical trial) could be helpful to validate the treatment strategy. (It should 
be noted that both patients were resigned to these last resort options regardless of the efficacy of 
treatment.)  

There are some elements of inductive logic seen with adaptive deep brain stimulation research in general. 
For example, abductively the focus could be that patient X’s stimulation parameters are different from 
patient Y’s and patient Z’s. In contrast, when grouped as subjects who obtained personalized stimulation, 
patients X, Y, and Z demonstrate an inductive aspect to this approach’s safety and/or efficacy. The OCD case 
holds plenty of abductive characteristics in line with precision medicine’s approach to treating cancer and as 
more individuals try the method, there will be additional data. With the gradual integration of AI into brain-
computer interfaces in the name of efficacy, this reliance on abduction will continue, if not grow, over time. 
Moving forward, if a responsive deep brain stimulation treatment is novel and individualized (like the dose 
of nivolumab) and there is some other suggestion of efficacy (like clinical similarities to other patients in the 
literature), then it may justify insurance coverage for the investigative intervention, absent other unrelated 
reasons to deny it. 

III. Ethical Implications and Next Steps 

While AI’s use in oncology and neurology is not yet as prominent as its use in other fields (e.g., radiology), it 
appears to be on the horizon for both.31 AI can be found in both the functioning of the neurotechnologies as 
well as the implementation of precision medicine. The increasing use of AI may serve to further individualize 
both oncologic and neurological therapies. Given these implications and the handful of publications cited in 
this article, it is important to have a nuanced evaluation of how these treatments, which heavily rely on 
abductive justification, ought to be managed. 

The just use an abductive approach may be difficult as AI infused precision medicine is further pursued. At 
baseline, such technology relies on a level of advanced technology literacy among the general public and 
could exclude populations who lack access to basic technological infrastructure or know-how from 
participation.32 Even among nations with adequate infrastructure, as more patients seek out implantable 
neurotechnologies, which require robust healthcare resources, the market will favor patient populations that 
can afford this complex care.33  

If patients already have the means to pay for an initial dose/use of a precision medicine product out of 
pocket, should insurance providers be required to cover subsequent treatments?34 That is, if a first dose of 
a cancer drug or a deep brain stimulator over its initial battery life is successful, patients may feel justified in 
having the costs of further treatments covered. The Norwegian patient’s experience implies there is a 
precedent for the idea that some public insurance companies ought to cover successful cancer therapies, 
however, insurance companies may not all see themselves as obligated to cover neurotechnologies that rely 
on personalized settings or that are based on precision/abductive research more than on clinical trials. 

CONCLUSION 

The fact that the cases outlined above rely on abductive style of reasoning implies that there may not be as 
strong a justification for coverage by insurance, as they are both experimental and individualized, when 
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compared to the more traditional large clinical trials in which groups have the same or a standardized 
protocol (settings/doses). If a study is examining the efficacy of a treatment with a large cohort of patients 
or with different experimental groups/phases, insurance companies may conclude that the resulting 
symptom improvements are more likely to be coming from the devices themselves. A preference for 
inductive justification may take priority when ruling in favor of funding someone’s continued use of an 
implantable neurostimulator. There are further nuances to this discussion surrounding the classifications of 
these interventions as research versus clinical care that warrant future exploration, since such a distinction 
is more of a scale 35  than binary and could have significant impacts on the “right-to-try” approach to 
experimental therapies in the United States.36 Namely, given the inherent limitations of conducting large 
cohort trials for deep brain stimulation interventions on patients with neuropsychiatric disorders, surgically 
innovative frameworks that blend abductive and inductive methodologies, like with sham stimulation phases, 
have traditionally been used.37 Similarly, for adaptive brain-computer interface systems, if there are no large 
clinical trials and instead only publications that demonstrate that something similar worked for someone 
else, then, in addition to the evidence that the first treatment/dose worked for the patient in question, the 
balance of reasoning would be valid and arguably justify insurance coverage. As precision approaches to 
neurotechnology become more common, frameworks for evaluating efficacy will be crucial both for 
insurance coverage and for clinical decision making. 
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