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MEDICINE AND SOCIETY 
Deep Brain Stimulation: Calculating the True Costs of Surgical Innovation 
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For over a decade I have been part of a clinical trial at the vanguard of surgical 
innovation, the application of central thalamic deep brain stimulation (DBS) in 
severe traumatic brain injury. Our work resulted in a 2007 paper in Nature that 
indicated that DBS may promote functional recovery from severe traumatic brain 
injury years after injury [1]. 
 
As a physician-ethicist and co-investigator, I framed the historical [2-5], ethical, [6-
10] and policy [11-14] issues necessary for the design and conduct of the research 
that resulted in the publication. These issues related to invasive research in a 
decisionally incapacitated subject who could not give consent, the role of surrogate 
decision making, and the proportionality of the study. Our goal was to design a study 
that would maximize potential benefits and minimize risks. 
 
This study was instructive in these ethical domains, as well as in scientific domains 
related to disorders of consciousness and mechanisms of recovery. More recently, 
however, the study has helped illustrate how society assesses the economics of 
surgical innovation in marginalized populations. In this paper I focus on this theme 
and consider the interplay of ethics and economics in innovative surgical research, 
paying particular attention to the interests of patients and their families [15]. 
 
Let me begin with a review of the case report. The subject was a 38-year-old who 
had remained in the minimally conscious state (MCS) for 6 years after having been 
assaulted. MCS is a disorder of consciousness functionally above the vegetative state 
[16]. MCS patients have definite, albeit intermittent, evidence of consciousness. 
They may show intention, attention, and memory and have awareness of self, others, 
or the environment, but only episodically [17]. 
 
The subject had an initial Glasgow Coma Scale of 3. He progressed to MCS in 3 
months. Upon study enrollment, he sometimes followed commands with eye 
movements. He could neither communicate nor take food by mouth and was 
dependent upon tube feedings [1, 10]. 
 
Over the course of the DBS study, the subject manifested improved levels of arousal, 
motor function, swallowing, and expressive speech, assessed by objective measures, 
including the JFK Coma Recovery Scale-Revised [18]. Now he is more mobile, can 
eat food by mouth, and can communicate in short sentences. He also regained 
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aspects of personal agency and is now able to express a preference when prompted 
[10]. 
 
Since publication of the research paper on this case, I am invariably asked about the 
costs of DBS and whether it was worth it. Although this is understandable, given the 
austerity of the times and the broader debate about distributive justice in health care, 
the question strikes me as problematic. Generally we do not bring cost into the 
equation when considering early clinical trials. The Food and Drug Administration 
does not weigh cost considerations when granting either an investigational new 
device (IDE) or new drug exemption (IND). At this stage of innovation, a premium 
is placed on discovery, recognizing that costs need not be assessed until after 
interventions are validated. Moreover, prices should come down as methods are 
refined. 
 
So why the inevitable question? In my view, it is a proxy for deeply held, 
unexamined biases towards patients with severe brain injury and a belief that nothing 
can or should be done. These views date back to landmark legal cases like Quinlan, 
which asserted a right to die based on an irretrievable loss of a “cognitive or sapient 
life” in the permanent vegetative state [19, 7]. Although the Quinlan court’s 
establishment of patients’ or surrogates’ right to withhold life-sustaining treatment 
was an ethical good [20], generalizing hopelessness to all severe brain injury was not 
[7]. By failing to distinguish between vegetative and minimally conscious states [21], 
we deprive patients in the latter of access to emerging modalities that might promote 
recovery [22]. 
 
Although these biases are expressed toward patients with severe brain injury, the 
lesson for surgical innovation is a generic one: when assessing new devices or 
techniques for marginalized populations (with chronic or out-of-fashion conditions), 
it is critical to consider costs and benefits free of unexamined biases. Anything less is 
discriminatory and unjust. 
 
If we overcome these biases and actually apply objective standards to a hypothetical 
cost-benefits analysis of DBS in MCS, it is possible to imagine that up-front costs of 
patient assessment, DBS surgical implantation, and follow-up could result in a cost-
effective intervention. As one colleague of mine, Dr. Frank Levy, put it in an 
October 2009 e-mail, those who purport to believe in cost-benefit analysis have a 
responsibility to apply those methods. They cannot just invoke their prejudices and 
stop there; they are obliged to collect and examine the data. 
 
To this end and for the purposes of this analysis, let us postulate that DBS will be 
established as a viable therapy for MCS, with a significant number of subjects in 
clinical trials having had improvements comparable to those of the first subject. If 
we take this hypothetical—and I stress it remains hypothetical early in this work—as 
a predicate for a cost-benefit analysis, we can immediately see that DBS effects 
should decrease the fixed costs of institutional care.  
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The benefits seen in our first subject, if replicated, could have significant economic 
implications. His enhanced mobility reduces his need for prophylactic 
anticoagulation and its associated risks and costs. His nutritional status is improved 
with oral food intake, raising his albumin. This benefit, along with his enhanced 
mobility, decreases his risk of bedsores and accelerates healing when they do occur. 
His ability to swallow and manage his secretions—along with removal of the PEG 
and, again, his mobility—make it less likely he will develop an aspiration 
pneumonia. His cognitive improvements now allow him to respond to questions 
about pain, discomfort, and a whole range of symptoms. This should help his doctors 
diagnose brewing conditions more quickly and cost-effectively. Finally—and 
perhaps most critically—his enhanced cognitive abilities and growing ability to 
speak allow for more meaningful interactions with his family and loved ones. 
 
Much of this can–and should be—cost out. If and when this intervention is validated, 
health economists will need to calculate the decreased incidence of the 
aforementioned complications of chronic care (e.g., the cost of a bedsore or 
hospitalization for aspiration pneumonia) in an appropriately sized cohort and weigh 
these fixed costs for this population against the putative decreased morbidity seen 
with DBS. Only then can an objective cost-benefit analysis be offered for this 
intervention. 
 
Some might worry that the advent of DBS for MCS creates an application that will 
expand markets and expenditures, but severely brain-injured patients—and the cost 
associated with their chronic care—are already in the system. Their existence is a 
consequence of failed efforts in acute care to achieve better functional outcomes. In 
these circumstances, an effective therapy for MCS would not create a clinical need 
but rather respond to unmet ones brought about by acute care technologies that can 
save lives but not completely mend them. 
 
The medical ethicist in me hopes that a validated therapeutic intervention for MCS 
would be sustained by humane intent alone. But I am not so naive as to think that 
good intentions alone will win the day. Too many patients in MCS are neglected and 
isolated in chronic care, receiving what is euphemistically called “custodial care,” 
minimally conscious but mistakenly diagnosed as being vegetative [23]. One recent 
study estimated that error rate at an appalling 41 percent [24]. 
 
Against such odds, an eventual cost-benefit analysis of DBS for MCS could be 
instrumental, if this surgical innovation matures into a safe and effective therapy. 
When that occurs, a robust cost-benefit analysis would be helpful. Objective data 
might demonstrate, notwithstanding some recent critiques of medicine’s 
technological imperative [25], that medical innovation can sometimes be both 
humane and affordable. That is an important lesson for medicine and society. 
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