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To date more than eighty thousand patients worldwide have received deep brain stimulation (DBS), mainly in order to alleviate symptoms of treatment-resistant disorders such as tremor associated with Parkinson’s disease, essential tremor, chronic pain, epilepsy, obsessive compulsive disorder, major depression and Tourette syndrome. The number of indications for neurological and psychiatric conditions using this technology is rapidly increasing, raising important societal and ethical issues that cannot be dealt with by scientists and clinicians on their own, but need discussions among all possible stakeholders on questions such as: what are the comprehensive risks and benefits of this technology? what is the real impact on patients’ life, in terms of health, quality of life and personal identity?

This Research Topic provides an overview of potentials and limitations of deep brain stimulation as used to treat neurological and psychiatric conditions, bringing together Mini Reviews, Perspectives and Opinion papers from key stakeholders interested in the development and social impact of this technology. It is also a continuation of the debate that started among scientists, clinicians, patients, sociologists, journalists, philosophers and other experts during the “brains in dialogue on deep brain stimulation” workshop that was organized in September 2010 in Warsaw, Poland, by the FP7 project bid – brains in dialogue (www.neuromedia.eu) coordinated by the Interdisciplinary Laboratory of SISSA (Trieste, Italy).
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This paper briefly describes how the electrical stimulation, used since antiquity to modulate the nervous system, has been a fundamental tool of neurophysiologic investigation in the second half of the eighteenth century and was subsequently used by the early twentieth century, even for therapeutic purposes. In mid-twentieth century the advent of stereotactic procedures has allowed the drift from lesional to stimulating technique of deep nuclei of the brain for therapeutic purposes. In this way, deep brain stimulation (DBS) was born, that, over the last two decades, has led to positive results for the treatment of medically refractory Parkinson’s disease, essential tremor, and dystonia. In recent years, the indications for therapeutic use of DBS have been extended to epilepsy, Tourette’s syndrome, psychiatric diseases (depression, obsessive–compulsive disorder), some kinds of headache, eating disorders, and the minimally conscious state. The potentials of the DBS for therapeutic use are fascinating, but there are still many unresolved technical and ethical problems, concerning the identification of the targets for each disease, the selection of the patients and the evaluation of the results.
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INTRODUCTION

Since ancient times, electrical stimulation has been used to modulate the nervous system and to treat some neurological disorders (Rossi, 2003). Scribonius Largo, physician of the Roman emperor Claudius, in his text “Compositiones medicamentorum” (46 AD) suggested the application of electric ray (Torpedo torpedo and Torpedo nobiliana) on the cranial surface as a remedy for the headache. These fishes are known for being capable of producing an electric discharge and their scientific name comes from the Latin “torpere,” to be stiffened or paralyzed (but also to be numb, insensitive), referring to the effect on someone who handles them (Debru, 2006). Electric fishes were later used for the treatment of seizures, depression, and pain until the eighteenth century (Kellaway, 1946; Schwalb and Hamani, 2008).

In the early ninetieth century Giovanni Aldini (1762–1834), nephew of the discoverer of animal electricity Luigi Galvani (1727–1798) and professor of Physics at the University of Bologna, performed electrical stimulations on the exposed human cerebral cortex of recently decapitated prisoners. In 1804, Aldini reported that cortical stimulation evoked horrible facial grimaces. This finding led him to conclude that the cortical surface could be electrically stimulated; supporting that electricity could have therapeutic effects in the treatment of many neuropsychiatric disorders (Aldini, 1804; Boling et al., 2002; Parent, 2004). Aldini’s experimentations and hypotheses led to direct research into two strands that would later developed during the ninetieth and twentieth century: on the one hand the use of brain stimulation for neurophysiologic investigation (initially on animals and then on humans) to understand the functioning of the brain, on the other hand the use of the techniques of brain stimulation for therapeutic purposes.

NEUROPHYSIOLOGIC BRAIN STIMULATION

Concerning neurophysiologic research, in 1809 Luigi Rolando (1773–1831) first used galvanic current to stimulate the cortical cortex of animals (Rolando, 1809), highlighting the functions of brain areas, while in 1870 Gustav Fritsch (1838–1927) and Eduard Hitzing (1838–1907) showed that electrical stimulation of specific cortical areas evoked muscle contractions in dogs (Fritsch and Hitzing, 1870). In 1872 David Ferrier (1843–1924) identified monkey’s cerebral cortex points whose stimulation was related to specific movements of the animal (Ferrier, 1873; Gross, 2007). In 1874 the American physician Robert Bartholow (1831–1904) was the first to report findings from studies of electrical stimulation of the cerebral cortex in an awake human (Bartholow, 1874). In 1882 the Italian neuropsychiatrist Ezio Sciamanna (1850–1905) performed a series of systematic experiments of electrical stimulation on a trepanned patient who had a traumatic brain injury (Sciamanna, 1882; Zago et al., 2008). In 1883 the Italo-Argentine surgeon Alberto Alberti (1856–1913) conducted an experiment lasting more than 8 months of cerebral stimulation in a woman in whom an eroding tumor of the skull allowed easy access to the dura mater surface, like in Bartholow’s case (Alberti, 1886). Unfortunately, the contribution of these researches in determining the motor topography of the human brain nonetheless remained poorly exploited except to confirm the electrical excitability of the cortex and demonstrate the contralateral cortical hemispheric representation of motor functions (Zago et al., 2008).

More precise and systematic observations on the topography of the brain had been made in 1887 by the British surgeon Victor Horsley (1857–1916) (Vilensky and Gilman, 2002), but we should wait for until 1950 – when fundamental studies of the neurosurgeon Wilder Penfield (1891–1976) were published – before the brain stimulation of the human cortex could give a real accurate representation of the human brain functions, including motor and somatosensory areas (cortical homunculus; Penfield and Boldrey, 1937; Penfield and Rasmussen, 1950).

THERAPEUTIC BRAIN STIMULATION

Electroshock, introduced by Ugo Cerletti (1877–1963) in 1938 was the first modern example of therapeutic application of brain stimulation for the treatment of severe psychosis (Cerletti, 1940; Kalinowsky, 1986). The application of an electric current on the skull evoked an epileptic seizure that “roughly” remodeled the neural connections, providing a clinical improvement to the patients. Despite opposing opinions about this technique, this method had a more solid foundation rather than the dubious experiments of electrical brain stimulation for the treatment of schizophrenia and other mental illness conducted at Tulane University in the 1960s (Baumeister, 2000).

Brain stimulation for pain control, used as early as 1950 with good effects through temporary electrodes implanted into brain regions, after a first experimental phase, found its explanation in the “gate control theory” developed by Melzach and Wall in 1962 (Rezai and Lozano, 2002). These previous studies were the basis that led to the development of new techniques of neurostimulation: transcranial magnetic stimulation, cortical brain stimulation, and deep brain stimulation (DBS).

Transcranial magnetic stimulation produces a magnetic field to modulate the excitability of the brain cortex. Unlike electroshock, it can stimulate only a specific area (selectivity) through an eight-shaped magnet and it does not involve loss of memory and/or seizures. It is mainly used for the treatment of psychiatric diseases, as obsessive–compulsive disorder and depression, and recently in one case of minimally conscious state (Wassermann et al., 2008; Piccione et al., 2011).

Cortical brain stimulation involves the application of chronic low-frequency electrical pulses on the motor cortex through intra- or extra-dural implantation of one or more electrodes connected to a generator with a battery located in the chest. It is particularly used for the treatment of some forms of Parkinson’s disease, epilepsy, and dyskinesia, but also for the pain control and in patients afflicted with stroke (Pagni et al., 2005; Harvey and Nudo, 2007).

Deep brain stimulation is a surgical procedure that allows implanting microelectrodes precisely in some brain areas through a combination of stereotactic and neuroimaging techniques. A subcutaneous external pacemaker lets these electrodes send electrical impulses to the brain.

Deep brain stimulation is an evolution of functional stereotactic neurosurgery techniques, initially used to produce selective lesions of specific deep brain structures (thalamic and cerebellar nuclei). Thus, a new balance of damaged neural circuits could be found, removing the tremor in patients suffered from medically refractory Parkinson’s disease and motor disorders of dyskinesias.

In 1947 Ernst Spiegel and Henry Wycis, modifying the original apparatus of Clarke and Horsley (1906), produced the first human stereotactic frame that using pneumoencephalogram allowed to determine Cartesian coordinates of structures around ventricles (basal ganglia) for identifying the precise localization of the targets that had to be destroyed by radiofrequency (Spiegel et al., 1947; Zonenshyn and Rezai, 2005). Intra-operative electrical stimulation of these structures was systematically used for the exploration and the localization of the deep cerebral nuclei and for confirming target (Guiot et al., 1961; Gildenberg, 2005). These observations led to suggest that these stimulations of deep cerebral nuclei could be used not only as a method for diagnostic purposes but also as a therapeutic method itself. Thus, the evolution from lesional to stimulating functional neurosurgery was determined (Porta and Sironi, 2009).

DEEP BRAIN STIMULATION

The origins of this technique are linked to the discovery of the effects of electrical stimulation of the deep brain areas, conducted during the stereotactic lesional functional neurosurgery to identify the correct position of coagulant electrodes for the treatment of dyskinetic disorders and tremor in Parkinson’s disease (Schwalb and Hamani, 2008). Thanks to the spread of stereotactic method, various studies demonstrated that, while “low-frequency stimulation” (5–10 Hz) could enhance tremor and other correlated symptoms, “high-frequency stimulation” (50–100 Hz) resulted in a reduction of symptoms (Albe Fessard et al., 1963; Blomstedt and Hariz, 2010). The pioneers of DBS were Delgado et al. (1952), Bekthereva et al. (1963), Sem-Jacobsen (1965), and Cooper (1978). Deep electrical stimulation of brain structures was originally introduced as a therapeutic option to treat behavioral disorders or chronic pain.

In 1952, the Spanish neuroscientist José M. Delgado, basing on his experience of deep neurophysiologic electrical stimulation in animals, first described the technique of implantation of intracranial electrodes in humans, indicating the importance of this method for diagnosis and its possible therapeutic role in patients with mental disorders (Delgado et al., 1952). Over the next two decades, he implanted radio-equipped electrode arrays that he called “stimoceivers,” in cats, monkeys, chimpanzees, gibbons, bulls, and even humans, and he showed that he could control subjects’ mind and bodies with the push of a button. His experiments on animals were often very “theatrical.” For example, in 1963 he demonstrated the possibility to stop a bull from charging in response to a radio-signal of one electrode implanted in the brain of animal. However, the critics contended that the stimulation did not quell the bull’s aggressive instinct, as Delgado suggested, but rather forced it to turn to the left (Horgan, 2005).

At that time, he implanted electrodes in 25 human subjects, most of them schizophrenics and epileptics. In 1969 he described his brain stimulation researches and discussed critical aspects and ethic implications in the book Physical Control of the Mind: Toward a Psychocivilized Society, where he showed the tremendous opportunities but also the great risks derived from neurotechnology (Delgado, 1969).

The first to use chronic depth stimulation as a therapy in motor disorders was Natalia Petrovna Bekthereva, neuroscientist at the Institute of Experimental Medicine and the Academy of Medical Sciences in Leningrad. In 1963 she published a work on the use of multiple electrodes implanted in sub-cortical structures for the treatment of hyperkinetic disorders (Bekthereva et al., 1963). However, since her papers were written in Russian, her works were not well known around the world. In her “therapeutic electro-stimulation,” as she named this method, she used “electric stimulation with high-rate pulses of suprathreshold current,” achieving excellent results (Bekthereva et al., 1975).

The Norwegian neurophysiologist and psychiatrist Carl Wilhelm Sem-Jacobsen initially used depth electrodes implanted for recording and stimulation in patients with epilepsy and psychiatric disorders. He successfully implanted multiple electrodes in the thalamus to stimulate the targets in order to identify the best lesional site in Parkinson’s disease. These electrodes were often left into the patient’s brain for several months, without any side effects. As he wrote: “these electrodes could then be used, following stimulation responses, to make incremental staged lesions in the target area” (Sem-Jacobsen, 1965, 1966; Blomstedt and Hariz, 2010).

By the early 1970s, there were some reports of chronic DBS system implanted in the thalamus for the treatment of chronic pain (Hosobuchi et al., 1973; Mazars et al., 1974), and isolated experiences in the patients with persistent vegetative state (Hasserl et al., 1969; Sturm et al., 1979).

The experience of the American neurosurgeon Irving S. Cooper in placing electrodes over the cerebellum and into the deep thalamic nuclei for central palsy, spasticity and epilepsy was more extensive and continuous. In 1977 he reported its excellent results from chronic cerebellar stimulation in over 200 patients (Cooper, 1978).

The lack of correlation of opinion of efficacy between the patients and clinicians led Cooper and other scientists to perform double-blind studies on cerebellar stimulation for spasticity. The results of these studies did not try to show a real efficacy of this procedure (Schwalb and Hamani, 2008).

After the introduction of L-dopa in the late 1960s, there was a sharp decline of the surgical treatment of Parkinson’s diseases and the ablative procedures continued, only targeting ventral intermediate nucleus (Vim) and globus pallidus. DBS progressed as a technique through its use in psychiatric and pain control surgery.

Despite the sharp decline of surgery for Parkinson’s disease given the use of L-dopa, many groups continued to perform thalamotomy for tremor of various etiologies (Schwalb and Lozano, 2004). The positive effect of thalamic stimulation on tremor was well known (due to the diagnostic neurostimulation maneuver done prior to coagulation to be sure of being in the right target), but the idea to use chronic stimulation as a therapeutic method did not emerge until Benabid’s preliminary report in 1987 on stimulation of the Vim nucleus (Benabid et al., 1987).

PRESENT AND FUTURE OF DEEP BRAIN STIMULATION

In 1991, both Benabid and Blond and Sigfried groups reported their results on thalamic DBSs for tremor (Benabid et al., 1991; Blond and Siegfrid, 1991). Subsequent studies found that the DBS of thalamus was safer than thalamotomy and especially bilateral thalamotomy. Likewise, the stimulation of globus pallidus was demonstrated safer than pallidotomy, originally proposed by Laitinen for medically refractory Parkinson’s disease in the early 1990s (Laitinen et al., 1992). The major safety of the DBS of these areas led a gradual abandonment of lesional techniques. In 1994 Pollak’s group began to stimulate a new target, involved in Parkinson’s disease: the sub-thalamic nucleus of Luys (STN; Pollak et al., 1993). In particular, the DBS of this area has been found to be effective for bradykinesia, tremor, and rigidity. Moreover, the stimulation of SNT and globus pallidus was explored for the treatment of both generalized and segmental dystonia (Yu and Neimat, 2008).

In addition to movement disorders, DBS was also mostly used and explored for treatment of chronic pain, subsequently approved by US Food and Drug Administration in 1989.

Concerning the future of DBS for movement disorders, although multiple studies demonstrated its efficacy, many questions still require answers. In deed, as above reported, DBS has been showed to be effective in patients with medically refractory Parkinson’s disease in both motor function and quality of life, but it is unclear what the effect of these techniques are on non-motor aspects of this pathology. Furthermore, we should exactly know when a patient could be considered as drug unresponsive and whether a early DBS could slow the progression of the disease. Concerning dystonia, a rigorous trial was conducted on the efficacy of DBS of globus pallidus for primary dystonia, but the report of DBS for secondary dystonia consists of small case series. On contrary, the efficacy of stimulation of SNT is still clearly defined for this disorder (Holloway et al., 2006; Benabid, 2007; Schwalb and Hamani, 2008).

BDS in the treatment of refractory epilepsy has gotten the attention from epileptologists due to its well-documented success in treating movement disorders. Early results of the SANTE trial should lay the foundation for widespread implementation of DBS for epilepsy targeting the anterior thalamic nucleus. Other hopeful target seems to be the caudate nucleus, the sub-thalamic nucleus, the cerebellum, the centro-median nucleus of the thalamus, and the hippocampus, even if the results are non-conclusive (Halpner et al., 2008; Lega et al., 2010).

Recently, the indication of the use of DBS has been extended to new diseases, so new interesting perspectives for future therapies seem to be opened. Bilateral thalamic stimulation has been used for the treatment of refractory Tourette syndrome, a complex pathology characterized by multiple motor tics and one or more phonic/vocal tics lasting longer than 1 year. The first results are positives with improved clinical features (Porta et al., 2010). DBS has been also indicated for the treatment of serious psychiatric disorders, such as refractory depression and obsessive–compulsive disorder. In addition to psychiatric diseases, DBS has also been suggested as a potential therapy for obesity, eating disorders, and drug resistant hypertension (Mayberg et al., 2005; Lipsman et al., 2007).

Although DBS for pain has been largely abandoned, the group of Milan has explored DBS of the posterior hypothalamus for cluster headache (Franzini et al., 2003; Leone et al., 2005). Moreover, a recent study has re-explored DBS for the minimally consciousness state after severe traumatic brain injury (Schiff et al., 2007).

CONCLUSION

Since the introduction of DBS, almost 20 years ago, there has been an immense resurgence of interest in the neurosurgical technique for the treatment of more neurological and psychiatric disorders. The reversible nature of stimulation technique is an attractive feature and clinical conditions that were not believed to be surgically tractable are now being considered suitable for DBS therapy.

The success of DBS in the treatment of refractory Parkinson disease is evident, while for the other motor disorders (primary tremor, dyskinesias, medically refractory Tourette’s syndrome) good results are waited. The major psychiatric diseases (refractory depression, obsessive–compulsive disorder), cluster headache, epilepsy, eating disorders (obesity), and drug resistant hypertension are the new field where the DBS seems to have interesting therapeutic possibilities.

The potentials of this neurotechnique are fascinating, but many questions still remain unanswered. Several technical and ethical problems have to be still solved. What are the optimal targets for each disease? What other neurological and psychic disorders can DBS be applied to? What should be the criteria for selecting candidates? Only when they are or are considered as? For some diseases should DBS be used regardless of pharmacological therapy? Could an early use of DBS change the natural history of some kinds of disease? In addition, an objective and statistically valid assessment of long-term results and of possible technique-related complications is still central.

Ethical problems are not less important than clinical ones. In the selection of patients, it is fundamental to the involvement of family members, in addition to their direct involvement with the informed consent. The procedure must be supported by interdisciplinary teams of neurosurgeons, neuroscientists, psychiatrist, psychologist, and other health professionals who can help assess patients’ suitability for DBS and continuously monitoring them over time.

The DBS is not a modern form of psychosurgery and for this reason – technical and ethical – mistakes, that historically characterized this terrible chapter of history of neuroscience, should be avoided (Kringelbach and Aziz, 2010). While psychosurgery was a lesional unselective and irreversible manipulation of a brain area (e.g., the lobotomy proposed by Egas Moniz since 1935 and its subsequent variants), the primary goal of DBS is to rebalance the damaged neuronal circuits through a electrical selective and reversible manipulation (stimulation) of targeted brain structures, whose alteration may determine, along with neurological deficits, also behavioral problems (e.g., Tourette’s syndrome). Concerning the “psychiatric” indications (refractory depression and obsessive–compulsive disorder), the evidences of organic alterations underlying these events provide an adequate explanation for the fact that the rebalancing of specific neurophysiologic substrates through the DBS can improve these behavioral disorders, harmonizing the physical and psychological expressions of these subjects.
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Stereotactic technique and the introduction of deep brain stimulation (DBS) can be considered two milestones in the field of surgical neuromodulation. At present the role of DBS in the treatment of clinically and epidemiologically relevant movement disorders is widely accepted and DBS procedures are performed in many clinical centers worldwide. Here we review the current state of the art of DBS treatment for the most common movement disorders: Parkinson’s disease, essential tremor, and dystonia. In this review, we give a brief description of the candidate patient selection criteria, the different anatomical targets for each of these condition, and the expected outcomes as well as possible side effects.
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INTRODUCTION

Movement disorders encompass a number of neurological diseases affecting the ability to control movement. Movement is in command of several interacting brain structures, including the motor cortex, the cerebellum, and the basal ganglia (BG). The BG comprises a group of interconnected deep brain nuclei [caudate and putamen (C–P), Globus pallidus (GP), substantia nigra (SN), subthalamic nucleus (STN)] that, through their connections with the thalamus and the cortex, primarily influence the involuntary components of the movement and muscle tone. Disruption of this complex circuitry within the BG causes the most frequent movement disorders, such as Parkinson’s disease (PD), essential tremor (ET), and dystonia (Alexander et al., 1990). The treatment of these disorders with the deep brain stimulation (DBS) technique is the topic of the present review, which describes the current clinical use and approval of DBS indications.

Already in the 1950s, some early studies evaluated the possible therapeutic benefits of chronic stimulation of the subcortical structure in psychotic patients (Hariz et al., 2010). Nevertheless, modern DBS was first clinically used in the treatment of movement disorders. Several reviews provide a comprehensive account of the symptoms/syndromes that might be the target of this treatment, its clinical efficacy, as well as its possible complications and side effects (Skidmore et al., 2006; Wichmann and Delong, 2006; Collins et al., 2010). The DBS surgical treatment of movement disorders has its foundations in two seminal papers by the “Grenoble Group” of Benabid et al. (1987) describing the combined (thalamotomy and stimulation) stereotactic surgery of the ventral intermediate (VIM) nucleus of the thalamus and, in 1993, DBS of the STN for PD patients (Pollak et al., 1993). Modern DBS followed ablative stereotaxy that was performed for most of the twentieth century for medically refractory severe movement disorders, mostly PD and ET, with selective destruction of parts of the GP or of the thalamus (Schwalb and Hamani, 2008). Although the procedure was largely effective in relieving the symptoms, it was irreversible, and in some cases side effects were actually encountered. As a result, in the 1970s, following the advent of the highly effective levodopa treatment for PD, ablative surgery was largely abandoned. However, after the initial enthusiasm for the medical treatment of PD, it was apparent that long-term levodopa therapy had significant drug-induced complications (the so-called “long-term levodopa syndrome”) mainly consisting in involuntary movements (dyskinesias) and motor fluctuations, which could have a severe disabling effect in a significant percentage of levodopa-treated PD patients. In addition, among the classic symptomatologic triad of PD – bradykinesia, rigidity, and resting tremor – this latter symptom is always less responsive to levodopa treatment (Fishman, 2008). Therefore, many clinical centers took advantage of the fact that DBS technology is less invasive than stereotactic surgery, and is also reversible and adjustable, more suitable for an increasing number of medically treated PD patients with disabling dyskinesias/motor fluctuations and/or medically refractory tremor (Collins et al., 2010).

The DBS technique uses continuous high-frequency stimulation of specific brain regions through chronically implanted electrodes, connected to a pulse generator, similar to a cardiac pacemaker, that is telemetrically programmable. Electrodes are implanted into the target brain area by using a stereotactic surgical procedure with electrophysiological recordings. Clinically, the effects of DBS mimic those produced by lesioning the target structure (Schwalb and Hamani, 2008). However – at the cellular or pathway level – the actions of high-frequency DBS that mediate its clinical efficacy are not fully understood. Indeed, recent evidence suggests that DBS has more complex mechanisms of action than the pure functional inactivation of the target region. For instance, high-frequency stimulation of the most used target structures for DBS in PD and ET, i.e., the STN and the internal part of the GP (GPi), not only produces both inhibitory and excitatory effects on local neurons, but has also a modulatory influence on the afferent inputs to the target nucleus and on the efferent outputs (McIntyre et al., 2004). In any case, the ultimate effect of modulating the network activity within the BG can be viewed as the takeover on hyperactive elements or structures of the cortico-BG-thalamo-cortical complex circuit (Gradinaru et al., 2009; Kopell et al., 2009; McIntyre and Hahn, 2010).

PARKINSON’S DISEASE

Parkinson’s disease is the second most common neurodegenerative disease. Its complex multifactorial etiology might comprise, from recent genetic and epidemiological studies, genetic susceptibility factors, and environmental risk factors. PD is a progressive disease with age-dependent increasing prevalence (from 1 to 3% in the population aged over 65 years; Wirdefeldt et al., 2011). Loss of SN pars compacta (SNc) dopaminergic neurons projecting to the C–P is considered the neuropathologic hallmark of PD. The consequent reduced dopaminergic input is considered the cause of the motor manifestations of the disease (bradykinesia, rigidity, resting tremor, and postural instability) and the reason for the remarkable clinical success of dopamine replacement therapy. However, it has become increasingly apparent that the neuropathological changes of PD (mostly alpha-synuclein pathology) extend far beyond the nigro-striatal system, affecting also the olfactory bulbs, and the autonomic nervous system, many structures of the lower brainstem, the limbic system, as well as the mesocortical and neocortical regions. Most of the extra-nigral pathological alterations are considered responsible of the non-motor symptoms of the disease, such as hyposmia, autonomic dysfunctions, sleep disorders, depression, and cognitive impairments (Braak et al., 2003).

Nevertheless, with regard to DBS treatment in PD, the main focus is on the progressive degeneration of the nigro-striatal dopaminergic projections and the appearance of disabling side effects, i.e., motor fluctuations and dyskinesias, in a large percentage of PD patients on long-term dopaminergic therapy (Schrag and Quinn, 2000). Because such complications are often poorly managed by oral therapy, it is estimated that more than 10% of PD patients could benefit from DBS treatment. The selection of candidate patients for DBS has strict inclusion/exclusion criteria. The best candidates are PD patients with severe motor symptoms in the off-medication condition that continues to indicate a substantial benefit from levodopa therapy, despite the disabling drug-induced motor complications. Main exclusion criteria are the presence of symptoms suggesting an atypical parkinsonian syndrome that usually does not respond to levodopa therapy, or the presence of neuropsychiatric (depression) or cognitive alterations (Bronstein et al., 2011).

There are four possible target sites for the placement of the stimulating electrodes: although stimulation of the VIM thalamic nucleus has a clear effect on tremor, DBS of the STN, or GPi has a broader influence on all parkinsonian symptoms and represents, nowadays, the treatment of choice in most PD patients. A more recent, still experimental, target is the pedunculopontine nucleus (PPN) that may be appropriate for patients with gait freezing (Stefani et al., 2007; Wilcox et al., 2011). Because most patients undergoing the DBS procedure have bilateral symptoms, both right and left STN or GPi are usually implanted for maximal benefit. Any parkinsonian symptom that can improve with levodopa can also improve with DBS. Three recent randomized controlled studies in patients with PD reported that STN DBS plus best medical therapy was more effective than best medical therapy alone in improving motor function and quality of life, but was also associated with an increased risk of serious adverse events (Deuschl et al., 2006; Weaver et al., 2009; Williams et al., 2010). After neurostimulation, the clinical response is more stable during the day, with significant lessening of the “off” periods that are so frequent and disabling in PD patients. Furthermore, DBS reduces levodopa-induced dyskinesias. In the case of STN DBS, this effect could be mostly ascribed to the reduction in medication dose, possible when the stimulation is active. GPi stimulation patients experience a reduction in dyskinesias without any levodopa dose reduction (Weaver et al., 2009; Follett et al., 2010). In addition, reduction of dopaminergic therapy after STN DBS may help in reducing some psychiatric symptoms, like visual hallucinations and impulse control abnormalities, which are frequent behavioral complications in the treatment with dopamine agonists (Lulé et al., 2012).

Complications related to surgery are primarily intracerebral hemorrhage (less than 2% in most centers) and infection (in about 4% of the cases; Kleiner-Fisman et al., 2006). STN DBS can worsen speech and gait in some patients, requiring an adjustment of stimulation parameters. A recent study reported that depression worsened with STN DBS but was improved with GPi DBS (Follett et al., 2010). There are several reports that describe neuropsychiatric symptoms following STN DBS in PD patients. However, such symptoms were generally transient and mild if managed appropriately (Volkmann et al., 2010). With these possible complications in mind, we can say that DBS offers important symptomatic benefits in cognitively intact PD patients with moderate disability who still maintain a therapeutic response to levodopa. Medium- and long-term studies have provided evidence that stimulation-induced motor improvement was still evident at 5–8 years’ follow-up (Fasano et al., 2010; Moro et al., 2010). However, DBS does not modify the progression of the underlying PD pathology, so, after years, patients can still develop disabling levodopa-resistant symptoms, like gait disturbances and cognitive impairment.

ESSENTIAL TREMOR

Essential tremor is one of the most common movement disorders with prevalence that varies depending on age, raising up to 5% in the population over 60. The typical postural and action tremor is most often located in the upper limbs; less frequently it affects the head, the tongue, and the lower limbs. Even though the quality of life is impaired by tremor in more than 70% of patients, only 10% are medically treated. In addition, only 50% of treated patients show a good response to therapy (Lyons et al., 2003). In the middle of the twentieth century the ventrolateral thalamus became the main surgical target for parkinsonian and various other types of tremor, including ET. After the introduction, in the early 60s, of micro recording during stereotactic surgery, it became apparent that small lesions of the VIM could suppress tremor. Afterward, unilateral stereotactic VIM lesioning was a frequent procedure in many clinical centers worldwide and resulted in a permanent significant contralateral improvement of the most common types of tremor. However, the very satisfactory results in controlling ET and other types of tremors (significant reduction of limb tremor in 80–90% of patients with ET) obtained thanks to the thalamotomy, were accompanied by a relatively high complication rate, especially if the procedure was performed bilaterally. In fact, almost 30% of patients who underwent the ablative procedure bilaterally experienced permanent speech and cognitive deficits. Introduction of DBS of the thalamic VIM nucleus in ET treatment helped to reduce complication rate with remaining high efficacy. Therefore, VIM DBS is viewed as the target therapy for these patients with a debilitating ET. Although the exact etiology and pathophysiology of ET is still unknown, it is believed that high-frequency stimulation of the VIM nucleus may block the abnormal oscillatory activity within the interconnected regions, including the cerebellum and the motor cortex (Dostrovsky and Lozano, 2002).

The main exclusion criteria of DBS treatment for ET include altered cognition and the presence of an untreated or disabling psychiatric illness. Patients with ET are considered good DBS candidate if they were also refractory to an adequate trial of accepted oral medications (Katz et al., 2011). The most frequent stimulation-induced side effects are paresthesias, followed by dysarthria and pain, symptoms that are reversible when the stimulation is turned off. Furthermore, gait/balance may worsen following DBS for medication refractory ET (Hwynn et al., 2011). The high initial efficacy of VIM DBS declines over time (Schuurman et al., 2008). However, most patients experience a good response for several years.

DYSTONIA

Dystonia is a movement disorder that presents with sustained, uncontrolled, often painful muscle contractions causing repetitive movements and abnormal postures. Depending on the localization, dystonia is divided into focal (affecting a single body region), segmental (two or more adjacent areas), or generalized (involving the legs, or one leg and the trunk, plus at least one other area of the body). Depending on etiology, dystonia might be primary (idiopathic) or secondary to a known structural lesion of the brain, like perinatal hypoxia, infections, stroke, and trauma. Idiopathic dystonia in adults is most commonly a focal/segmental disease, like cervical dystonia (the most common form), blepharospasm, or writer’s cramp, whereas in children and young adults the generalized inherited forms are more common. There are multiple forms of inheritable dystonia, with the DYT-1 gene mutation, responsible for early-onset generalized dystonia, as the most frequent form (Albanese et al., 2011). Medical therapy is very effective in a very limited subset of dystonia patients (20–40%). In addition, doses of drug(s) required for therapy often produce intolerable side effects. Dystonia is still one of the most important indications for botulinum toxin (BT) therapy that selectively blocks the cholinergic innervation of the muscles. BT can be used to treat focal dystonias and also the most relevant target muscles in segmental and generalized dystonias. Combinations of BT therapy with all other treatment options, including DBS, are possible.

Patients with dystonia who might be evaluated for DBS treatment should have symptoms that cause significant disability, despite maximally tolerated medical treatment. The factors that influence the selection of patients with various types of dystonia for treatment with DBS have been recently reviewed by Bronte-Stewart et al. (2011). Patients candidate to surgery should undergo DBS treatment before the onset of orthopedic deformities that may impede functional benefit even if dystonia is ameliorated by DBS. The exact pathophysiological mechanisms of dystonia are not completely understood and the best brain target for DBS in dystonic patients has not been quite identified yet. However, a lot of evidence indicates that the interplay between the BG and cerebellar circuits has a major role. In particular, the GPi has been proven to show an abnormal firing activity in dystonia, and GPi is the usual target of DBS for such patients. On the other hand, previous studies on STN stimulation in dystonia gave contrasting results (Detante et al., 2004; Sun et al., 2007). In a 3-year follow-up study, the beneficial effects of bilateral GPi stimulation in young patients with identified DYT-1 mutation reached 90% (Coubes et al., 2000). Positive effects of DBS on dystonia scales, quality of life, and pain reduction have been confirmed in different studies also in adults with primary generalized dystonia and in heterogeneous groups comprising patients with secondary or focal disease (Vidailhet et al., 2005; Kupsch et al., 2006; Andrews et al., 2010). Dynamic movements are the first that respond to DBS, whereas improvement of persistent dystonic posture could be observed after months or years (Welter et al., 2010). Because improvement may take months to occur, the evaluation of the efficacy of DBS treatment is more challenging than in patients with PD or ET. Another difference with the DBS system in PD is that the optimal frequency and amplitude stimulation settings needed for DBS in many dystonia patients are higher than for GPi DBS in PD, and much higher than for STN DBS in PD patients.

PERSPECTIVES ON EVOLUTION OF DEEP BRAIN STIMULATION

Currently, the DBS technique uses electrodes of 1.3 mm in diameter integrating four contacts of 1.5 mm length each, connected to an internal pulse generator. Minimizing the hardware dimensions remains one of the goals of DBS development, to allow the implantation of the internal pulse generator in the scalp or within the skull. Minimizing the size of the hardware would also allow implanting multiple electrodes to multiple anatomical targets of the brain more precisely and effectively. Further development of DBS will probably depend on the use of multiple electrodes with “closed-loop” systems that include macro recordings and stimulation. The influence of local monitoring of neurotransmitter activity might impact on the patterns of stimulation, particularly with regard to the interactions between stimulation and medications. Moreover, since the introduction of the DBS technique the lifespan of the battery has increased twice, but programming the stimulation today is performed via telemetry that requires several time consuming visits before the best therapeutic effect can be reached. In the future, development of “closed-loop” DBS systems and neuroimaging modalities might allow the performance of effective and safe programming through remote access, such as the telephone or the Net (Andrews, 2010; Shah et al., 2010).

The role of DBS for PD, ET, and dystonia is a well-established treatment option, currently approved for use in the United States (DBS for drug refractory primary dystonia received in 2003 the FDA approval as humanitarian use device – HUD), Canada, Europe, and Australia. As the indications for DBS broaden to include other neurological and psychiatric conditions, the number of DBS implants worldwide is expected to grow in the next years. In 2009, treatment with DBS of obsessive compulsive disorder (OCD) was approved by FDA as HUD and received the CE mark approval. In 2010, the CE mark for DBS treatment of Epilepsy refractory to medical treatment was also granted. On-going clinical trials with DBS in the treatment of mood disorders, tremor in multiple sclerosis, pain and cluster headache, hypertension, minimally conscious state, obesity, memory impairment, aggressiveness, drug addiction, and other CNS disorders will increase the number of indications for DBS in the future (Lyons, 2011). However, the fact that FDA allowed DBS to be used in dystonia or OCD under an humanitarian device exemption (HDE) application, thereby without the need for a randomized clinical trial of sufficient size to demonstrate statistically significant benefit without undue harm, has spurred impassioned debate on the regulatory and ethical issues linked to the clinical use of DBS (Fins et al., 2011). These issues likely will become even more urgent as the number of indications for DBS treatment will increase.
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A commentary on

Deep brain stimulation for movement disorders
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Up to date, tens of thousands patients have undergone implantation of deep brain stimulation electrodes – mainly for the treatment of Parkinson’s disease, Essential Tremor, and Idiopathic Dystonia. Pizzolato and Mandat (2012) give a short and comprehensive review on the current status of deep brain stimulation for these movement disorders. For this special issue “The development of deep brain stimulation for neurological and psychiatric disorders: clinical, societal, and ethical issues” the reviews of Pizzolato and Mandat (2012) and of Sarem-Aslani and Mullett (2011) give an overview of the state of the art and currently approved indications for this therapy. There is no doubt, that especially in the field of movement disorders, deep brain stimulation is a history of great success in neurological therapy and a most valuable tool for research.

However, especially in the light of other articles of this special issue that deal, e.g., with ethical issues, modulation of affect, cognition, and behavior, or possible changes of personality by deep brain stimulation, there remain some major challenges and questions for the future. We will have to conquer these challenges in order to understand and improve the technique – to finally transfer it to a successful therapy for other disorders especially in the neuro-psychiatric domain.

These challenges are:

(1) To understand the natural history of the diseases and the underlying functional networks and circuits to select the best targets for neuromodulation.

Beneficial motor effects of DBS are well described, e.g., there is class one evidence for the usefulness of DBS for Parkinson’s disease (Deuschl et al., 2006; Weaver et al., 2009; Williams et al., 2010). However, to determine the real value in improving quality of life we have to gain more insight into the dynamics of the diseases. What is the right time point for implantation? Current data suggest that despite stable long terms effects on motor fluctuations in PD, we might miss the right time window in elderly patients as DBS will not manage to improve axial motor symptoms (Fasano et al., 2010b). On the other hand, prospective studies to examine the benefits of earlier implantation are still on the way. Furthermore, the interactions of disease state, operation, and implantation on cognitive side effects are not fully understood. Although there are many publications that show “on/off” effects on cognitive measurements, some data suggest that the implantation per se – and not the stimulation – might be the main cause of the decline in executive function (Okun et al., 2012). In line with this discussion we have to further study the right stimulation targets for to gain the best outcome. For example, GPI stimulation recognizes a renaissance, as it might be a cognitive safer target for some patients. In order to efficiently access and modulate the neural networks, many findings point into the direction that fiber tracts rather than nuclei might be the right target of choice – not only in PD, but also in thalamic stimulation for essential tremor: some findings suggest that differential stimulation of fiber tracts can be crucial for modulation of distinct symptoms like tremor versus ataxia (Fasano et al., 2010a).

(2) To disentangle the mechanisms of action of deep brain stimulation.

The discussion about the effects of stimulating different fiber pathways leads to the point were we need a refined understanding of the connections and relationship between the different neural circuits involved in the desired output behavior. When it comes to STN stimulation, stimulation of afferents from cortical areas might be the main mechanism – as studies that used the optogenetic method suggest (Gradinaru et al., 2009). Additionally, volume of tissue activated studies, other functional imaging, microelectrode multi-site recordings, local field potential-, EEG-, and magnetoencephalographic studies, alone or combined, might provide guides to understand the stimulation effects on local and long range neuronal networks.

(3) To improve stimulation techniques

On the basis of a better understanding of the mechanisms underlying DBS, we have to tailor new stimulation techniques. New programming options as interleaving (Wojtecki et al., 2011) and constant current devices (Okun et al., 2012) are on the market now. Furthermore, new electrodes with improved variability of stimulation direction will be helpful. Finally, as a result of disentangling the neuronal network codes (e.g., beta and high frequency oscillations in PD), closed-loop devices (Rouse et al., 2011), that could provide stimulation “on demand,” will hopefully be a major step forward to improve these therapies.

(4) To learn from the history of DBS in movement disorders.

Especially when discussing modulation of complex behavior in patients with DBS and when we aim to increase the usage and indication of the technique, we have to learn from the lessons of the past. What was the reason for success of DBS in movement disorders? We think that there are four main points: determining the right patients with a distinct diagnosis for therapy, a detailed knowledge of the involved neural circuits, good designed and ethical clinical studies, and interdisciplinary cooperation between specialists (e.g., neurology, neurosurgery). On this basis, the future will be open for more indications and better understanding.
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Most patients suffering from psychiatric disorders respond to combinations of psycho- and psychopharmacotherapy; however there are patients who profit little if anything even after many years of treatment. Since about a decade different modalities of targeted neuromodulation – among them most prominently – deep brain stimulation (DBS) – are being actively researched as putative approaches to very treatment-resistant forms of those disorders. Recently, promising pilot data have been reported both for major depression (MD) and obsessive–compulsive disorder (OCD). Given the fact that patients included in DBS studies had been treated unsuccessfully for many years with conventional treatment methods, renders these findings remarkable. Remarkable is the fact, that in case of the long-term studies underway for MD, patients show a stable response. This gives hope to a substantial percentage of therapy–resistant psychiatric patients requiring new therapy approaches. There are no fundamental ethic objections to its use in psychiatric disorders, but until substantial clinical data is available, mandatory standards are needed. DBS is a unique and very promising method for the treatment of therapy–resistant psychiatric patients. The method allows manipulating pathological neuronal networks in a very precise way.
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INTRODUCTION

PRINCIPLE, SAFETY, AND ADVANTAGES OF DBS

Different modalities of neuromodulation such as repetitive transcranial magnetic stimulation (Schlaepfer et al., 2003; George, 2010), vagus nerve stimulation (Kosel and Schlaepfer, 2003; Schlaepfer et al., 2008b), and magnetic seizure therapy (Lisanby et al., 2001; Kayser et al., 2010) have been proposed and systematically studied in psychiatric different disorders (Schlaepfer et al., 2010). Both clinically and scientifically the most promising method of neuromodulation might be deep brain stimulation (DBS). DBS refers to the stereotaxic placement of unilateral or bilateral electrodes connected to a permanently implanted neurostimulator (Schlaepfer and Lieb, 2005b). The exact neurobiological mechanisms by which DBS exerts effects on brain tissue are not yet fully understood (Hardesty and Sackeim, 2007). Various mechanisms have been discussed, on the neuronal level, excitatory and inhibitory processes might play a role (McIntyre et al., 2004). Most probably, DBS leads to a functional lesion of the surrounding tissue. Today, it is unknown which part of the neuron (e.g., cell body, axon) is primarily modulated by DBS. Certainly, the stimulation volume is not a fixed area around the electrode and the effect on neuronal tissue is variable. Stimulation parameters (frequency, amplitude, pulse width, duration) also clearly have an impact on the effect (Ranck, 1975). With commonly used parameters, a relatively large volume of neural tissue is influenced (Kringelbach et al., 2007).

Side effects in DBS are either related to the operation itself (e.g., bleeding, local infections at the chest) or to the stimulation (e.g., elevation of mood, anxiety, motor slowing). Fortunately, the safety of the stereotactic operation technique has been extremely improved in the last years with the help of neuroimaging. Bleeding rate of DBS surgeries are between 0.2 and 5% (Kosel et al., 2007; Kühn et al., 2007). On the other hand, DBS has many advantages over traditional therapy methods: clinical effects can be achieved without irreversible lesioning, stereotactic operation is the most minimal neurosurgical method and electrodes can be completely removed if necessary. Brain activity can be changed in a direct, controlled manner. Furthermore, DBS offers the opportunity to continuously adjust stimulation variables for each patient in order to optimize therapy. The patient can turn off stimulation immediately if side effects occur. DBS is the only neurosurgical method that allows blinded studies for therapy control. In comparison to antidepressant medication, nor side effects such as extrapyramidal effects, weight gain, that substantially effect compliance and patient’s quality of life, are reported. Also no long-time side effects as in antidepressant treatments (Geddes et al., 2003; Furukawa et al., 2007) have been reported. Nonetheless, DBS can be associated with side effects due to stimulation that are transient and can be counteracted by a change in stimulation parameters (see Table 1). But until it has been proven that DBS has the same clinical effect as pharmacotherapy, the latter together with psychotherapy must be the first treatment choice.

Table 1. Possible side effects of DBS in OCD or depression.
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Thus, DBS could become an exciting method in the treatment of depression and obsessive–compulsive disorder (OCD) and offers unique possibilities to gain more insight into the underlying neurobiology of psychiatric disorders.

FIRST EFFICACY RESULTS IN OCD AND DEPRESSION

The main focus of studies on the underlying neurobiology of major depression (MD) has focused on the description of biological differences between patients and healthy subjects such as alterations of monoaminergic or endocrine systems. The relative importance of the various biological changes has not been elucidated; correlation with specific symptoms of the disease has rarely been attempted. Psychotropic drugs work by altering neurochemistry to a large extent in widespread regions of the brain, many of which may be unrelated to depression.

In contrast to some neurological disorders, the pathological interplay of several brain regions contributes to the behavioral, emotional, and cognitive symptoms of psychiatric disorders. Metabolic studies suggest that different symptoms are mediated by different brain regions (Berton and Nestler, 2006; Yurgelun-Todd et al., 2007; Krishnan and Nestler, 2008) A convincing network-model of depression integrating biochemical, electrophysiological, imaging, and animal studies, has been described by Mayberg (1997). According to this model, depression results from a dysregulation of limbic–cortical connections: pathological changes in dorsal brain regions (including the dorsolateral prefrontal cortex, inferior parietal cortex, and striatum) were associated with cognitive symptoms (e.g., apathy, anhedonia, hopelessness, deficits in attention, and executive function), changes in ventral areas (hypothalamic–pituitary–adrenal axis, Insula, subgenual cingulate, and brainstem) contribute to the vegetative and somatic aspects of depression (e.g., sleep disturbance, appetite, endocrine dysregulation). This model underlines the role of the rostral cingulate cortex in regulating the network (Mayberg, 1997). The involvement of further regions in depression is discussed: the hippocampus contributes to memory deficits, the nucleus accumbens was associated with anhedonia and lack of motivation, the amygdala plays a role in the processing of aversive stimuli and avoidance (Berton and Nestler, 2006).

Obsessive–compulsive disorder is characterized by obsessions (anxiety-provoking thoughts) and compulsions (repeated, time-consuming behaviors; Stein, 2002). As in most psychiatric disorders, a complex interplay of genetic factors, neurotransmitter changes and psychosocial characteristics contribute to the development of this disease. Changes in dopamine and serotonin have been reported (Stein, 2002). Dysfunctions in a network connecting the cortex and basal ganglia are supposed to underlie OCD. Imaging data demonstrated changes in orbitofrontal cortex, anterior cingulate cortex and caudate nucleus in OCD (Baxter, 1990). Emerging evidence suggests that different alternations of the OCD circuitry subserve different symptom subtypes (Kopell and Greenberg, 2008). It has been hypothesized that an over activation of the direct pathway of the cortico-striatal–pallidal–thalamic–cortical loop leads to intrusive thoughts (Baxter et al., 2001).

These novel conceptualizations of both OCD and MD, brought about mainly by advances in functional neuroimaging but also electrophysiological and molecular studies and their synthesis have paved the road to hypothesis-guided studies on targeted reversible neuromodulation with DBS in these disorders.

The subgenual cingulate cortex (Brodmann Area cg25) has probably dysfunctional connections to the dorsal and ventral compartments of the emotion regulation circuit in depression (Mayberg, 1997). The subgenual cingulate cortex modulates negative mood states (Mayberg et al., 2005b). It has been involved in acute sadness and in antidepressive treatment effects (Mayberg et al., 2005a; Lozano et al., 2008). The rostral part of the cingulate cortex seems to play a key role in modulating the network of depression (Mayberg, 1997).

Mayberg et al. (2005b) could demonstrate, that 2 months after surgery, 5/6 patients met the response criterion [baseline score in the Hamilton Depression Rating Scale (HDRS) minus 50%], after 6 months, four patients showed sustained response. Different neuropsychological parameters that were impaired at baseline were significantly improved. A reduction in the pathological hyperactivity in this region has also been demonstrated using positron emission tomography (PET) in this study. During the blinded sham stimulation phase (n = 1), the patient’s condition worsened considerably. No adverse events due to stimulation were observed (Mayberg et al., 2005b).

Malone et al. (2009) investigated the use of DBS at the ventral capsule/ventral striatum (VC/VS). The VC/VS was targeted, because former studies targeting the VC/VS in OCD patients (Nuttin et al., 1999; Greenberg et al., 2006) showed improvement not only for OCD symptoms but also for depressive symptoms. This finding was supported by the fact that the VS has complex architecture and includes structures such as the bed nucleus of the stria terminalis and the nucleus accumbens, which are regions believed to be involved with stress-related and reward–motivation components of depression (Forray and Gysling, 2004; Epstein et al., 2006). Once stimulation was titrated to therapeutic benefit and the absence of adverse effects, patients received significant improvements in depressive symptoms measured by the HDRS. Responder rates of 40% at 6 months (n = 15) and 53.3% at last follow-up (mean last follow-up of 23.5 ± 14.9 months) receiving continuous DBS stimulation are referred. Remission rates were reported 20% at 6 months and 40% at last follow-up with the HDRS. So the results of this study suggest that DBS of the VC/VS could also provide benefit in highly treatment-refractory patients with depression. However, since the larger contacts of the VC/VS leads have twice the surface area of standard leads used in other DBS applications, more frequent battery replacements or rather implanting recharging batteries should be considered (Malone et al., 2009).

We selected the Nucleus Accumbens as target for DBS because of its prominent role in the reward system. The Nucleus accumbens is known to act as motivational gateway between systems involved in motor control and limbic systems in charge of emotion processing; especially the ventral striatum is uniquely located to modulate other regions of the brain (Schlaepfer et al., 2008a). By targeting one site in a network of brain regions implicated in processing of affective stimuli, it was possible to manipulate anhedonia in particular. It could be demonstrated that modulation of this structure was associated with changes in the symptoms of anhedonia and mood in three depressed patients. Stimulation current correlated negatively with anhedonia ratings. Normalization of brain metabolism in fronto-striatal networks as result of stimulation was also observed (Schlaepfer et al., 2008a). It is notable, that no side effects due to stimulation were observed. Results from a total of nine patients in this study show acute as well as long-term antidepressant effects of DBS at this target have been published recently, demonstrating a responder rate of 50% (Bewernick et al., 2010).

The habenula has been proposed recently as target for DBS in depression (Sartorius and Henn, 2007). Animal data and imaging studies have shown, that this regions controls serotonergic fibers from the dorsal raphe nuclei and noradrenergic fibers from the locus coeruleus (Winter et al., 2011). The authors hypothesize that over activation of the habenula is related to depression and recently reported on the course of depression after DBS to the habenula in a case report (Sartorius et al., 2010).

Another putative target site for MD has been proposed very recently, the medial forebrain bundle (Coenen et al., 2011). Magnetic resonance diffusion tensor imaging (DTI) can visualize distinct functional circuits in the living human brain on the basis of the anisotropy of the brain tissue. This technique has been applied to an analysis of the different DBS sites for MD and lead to the hypothesis-guided development of yet another site with hypothetically greater efficacy and even less unwanted effects. Pilot studies assessing clinical efficacy are underway.

Single-case studies in OCD patients with comorbid depression have shown antidepressant effects: bilateral stimulation of the ventral nucleus caudatus in combination with Nucleus Accumbens for OCD led to remission of depression (HDRS_17 < 7) after 6 month. No neuropsychological deterioration was reported (Aouizerate et al., 2004).

It was supposed that dysregulation of the connection between unspecific thalamic system and orbitofrontal cortex plays an important role in the development of depression (Jiménez et al., 2005). Therefore, bilateral stimulation of the lower thalamus stem was performed one depressed patient and led to remission (HDRS 42 → 10). The effect remained stable for 24 months. During blinded discontinuation of stimulation, the patient’s condition aggravated (Jiménez et al., 2005).

In OCD, there have been proposed different targets according to the underlying pathological network. The orbitofrontal cortex and the anterior cingulate cortex are part of the OCD circuit. Unfortunately, these regions are very large and not well circumscribed in relation to this disease. Thus the size of cortex region that needs to be modulated would be too large (Lipsman et al., 2007). In most studies, the anterior limb of the internal capsule was the target for either unilateral or bilateral stimulation (Anderson and Ahmed, 2003; Gabriels et al., 2003; Nuttin et al., 1999; Nuttin et al., 2003; Sturm et al., 2003). All studies reported on promising results ranging from response to complete remission. In terms of side effects, some studies reported on induced, directly stimulation related symptoms of hypomania which all ceased completely after reduction of stimulation intensity.

The Nucleus thalamicus – zona incerta has been studied at three patients with Parkinson’s disease and comorbid OCD (Mallet et al., 2002; Fontaine et al., 2004). Both studies reported considerable amelioration of OCD symptoms. The subthalamic nucleus was stimulated in a study (Malone et al., 2009), this group included 16 patients and received significant lower symptoms of OCD. In a recent OCD study targeting the subthalamic nucleus, OCD symptoms were significantly reduced after the 3-months double-blind stimulation phase compared to the double-blind sham stimulation phase (Mallet et al., 2008). Both studies refer to possible associated risk of serious adverse events (Mallet et al., 2008; Malone et al., 2009). The Nucleus Accumbens and Nucleus Caudatus were target in one case study with comorbid depression (s above). This patient achieved remission status (Aouizerate et al., 2004). Unilateral stimulation of the NAcc in a well-designed, controlled study lead to somewhat less impressive but significant improvements results in 10 patients (Huff et al., 2010). The stimulation of the VC/VS led to a significant improvement in 50% of the patients (Greenberg et al., 2006). Side effects related to the stimulation were transient hypomania and increased anxiety, which could be counteracted by parameter change (Greenberg et al., 2006).

Recently results of bilateral DBS to the Nucleus Accumbens in OCD with an open 8-month treatment phase, followed by a double-blind crossover phase with randomly assigned 2-week periods of active or sham stimulation, ending with an open 12-month maintenance phase have been published (Denys et al., 2010). Nine of the 16 patients were classified as responders, indicating that bilateral stimulation of the nucleus accumbens may be an effective and safe treatment in patients with highly refractory OCD.

In summary, promising effects for different targets have been demonstrated, but as worldwide sample sizes are small, it is too early to select one favorable target if there is any. As OCD is a heterogeneous disease, there might be different optimal targets for different symptom clusters.

ETHICAL ISSUES

Introducing a new invasive therapeutic approach requires evaluation according to high ethical standards. The high mortality, low quality of life, and the social burden of inadequately treated serious psychiatric illness favor the use of DBS for treatment-resistant patients. The potential benefit to the understanding of pathological principles in mental disorders is evident (Schlaepfer and Lieb, 2005a; Fuchs, 2006; Ford, 2007; Synofzik and Schlaepfer, 2008, 2010).

Fundamental ethical concerns are generally applicable to all clinical interventions (e.g., pharmacotherapy, psychotherapy) including DBS in neurological disorders. Foremost, are patients able to give conformed consent? It has been demonstrated that depressed patients show few impairments in decision-making capacity related to clinical treatment research (Appelbaum et al., 1999). Another concern is, how far human nature may ethically be manipulated (Fuchs, 2006). Long-term effects of DBS cannot be evaluated yet, but in comparison to pharmacotherapy, brain stimulation is a more specific and reversible intervention. No harmful effects are reported so far. More problematic is the danger of misuse, such as for mind control or for over-enhancement of normal (healthy) cognitive function (“brain doping”; Fuchs, 2006; Ford, 2007). As clinical researchers in psychiatry, our aim is to help patients to lead a normal life, including normal cognitive function and personal autonomy.

More practical ethical concerns are the availability of alternative treatment methods (e.g., pharmacotherapy, ECT, psychotherapy). Taking to account that DBS is used only with treatment-resistant patients, who have already shown no benefit with other treatment approaches currently available, the apparent reversibility of DBS and its robust potential benefits, as described by prior pilot studies, are strong ethical arguments for considering DBS treatment for resistant psychiatric disorders (Synofzik and Schlaepfer, 2008, 2010).

However, there are also some notable risks with DBS, particularly intracerebral bleeding and wound infection and its efficacy is not yet formally and extensively established in controlled trials. Therefore, until the DBS treatment method is scientifically validated; obligatory standards for patient inclusion and exclusion criteria as well as the selection of targets are needed. Partly this has been already described by Rabins et al. (2009), recommending 16 key points for guiding research and protecting the safety and rights of research subjects, as well as Nuttin et al. (2002) advocating certain minimum requirements for using DBS in psychiatric conditions. Whereas we question the suggestion of Nuttin et al. (2002) to form a separate committee with only distant access to the individual patient or no direct involvement to the study for reviewing patient selection. It is our belief, that despite any committee review – might it be as thorough and exhaustive as possible – the clinical responsibility remains with the patient’s clinicians and cannot be shared by review committees. So from our point of view further research regarding obligatory standards in DBS is needed.

Another possible event to consider is the risk of selective publishing of results. This is by no means unique to DBS, but this area is particularly vulnerable to bias because of an excessive reliance on single-patient case reports (Schlaepfer and Fins, 2010). Until cohort studies are routinely performed, the possibility will remain that only positive results will be published at the expense of negative data that might also have important implications. Balanced publishing of results is even more important taking to account, that patients and public understanding of the risks and benefits of DBS is strongly shaped by media (Racine et al., 2007).

DISCUSSION

A substantial percentage of therapy–resistant psychiatric patients require new therapy approaches. DBS offers the possibility to manipulate pathological neuronal networks in a very precise way. First studies showed very promising effects in depression and OCD. There are no fundamental ethic objections to its use in psychiatric disorders, but until substantial clinical data is available, mandatory standards are needed for patient and target selection, quality of research center, and study protocol. It is very important to point out that in the actual stage of research; DBS for psychiatric diseases is clinical research on therapeutics. The benefit of this method has to be proven first, until DBS will be available for many patients. Before, much more information about the therapeutic effect, individual predictors of response, possible short and long-time side effects, and neuroethical issues have to be gained.

Deep brain stimulation is a unique and very promising method for the treatment of therapy–resistant psychiatric patients. Nonetheless, the duration of the battery limits the choice of stimulation parameters, increases the risk of infection, and raises treatment costs. Rechargeable batteries are currently being introduced to the field. Actual technology allows mainly continuous stimulation with little possibility for dynamic adjustment. A particular advantage of DBS is, that it allows recording signals from the stimulating electrodes (Cohen et al., 2009a,2009b,2009c) and combining these data with functional neuroimaging in order to map the spatiotemporal unfolding of DBS-elicited whole brain activity will lead to a much broader knowledge on functional and dysfunctional circuits processing affective stimuli revealing fundamental mechanisms of brain function.
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Gilles de la Tourette syndrome (TS) is a complex neuropsychological disorder usually characterized by both phonic and motor tics (Robertson, 2000; Porta et al., 2009a,b). The prevalence of TS reaches 50 per 10,000 in the general population (Leckman, 2002). Nevertheless, it is generally considered a “rare disease”: this is probably because of all the patients affected with TS only a minority suffers from a severe clinical picture. The syndrome demonstrates approximately a 10-fold higher incidence in children than in adults (Leckman, 2002), with a prevalence of up to 299 per 10,000 in children of age 13–14 years (Mason, 1998), while the onset of tics occurs at a mean age of 5–7 years (Freeman, 2000; Leckman, 2002). Especially because of this last issue, patients who are diagnosed with TS are often socially impaired. Even though the various degrees of severity of clinical manifestations of TS in certain cases allow a normal social functioning, when there is a social impairment this is often caused by tic manifestations. Tics are usually perceived as inappropriate, mimicking complex behaviors often of sexual nature. On the other hand, there is a widespread lack of information about TS so that people are unprepared to deal with these patients or to consider their behaviors as part of a disease. Moreover, behavioral comorbidities such as attention deficit-hyperactivity disorder (ADHD), obsessive–compulsive disorder (OCD), and depression can further complicate the picture, and patients may be socially hindered because of both tics and behavioral abnormalities. Considering the complexity of such a variable clinical symptomatology in TS, the Tourette Syndrome Classification Study Group has introduced in their classification the subdivision between Definite Tourette Syndrome in which videotapes record the very clinical manifestations of the disease, and Tourette Syndrome by history, in which reliable caregivers (a family member or a close friend) documents and describes the clinical features of the disease (Tourette Study Group, 1993).

A further difficulty in defining the specific clinical picture for the patient is that tics may change during the course of illness and new tics can issue (Du, 2010; Liao, 2010; Worbe, 2010). The development of diagnostic instruments that try to bypass the timing of the different clinical manifestations, such as the Diagnostic Confidence Index (Robertson, 1999), demonstrate the need for a sound description of such an ever-changing clinical picture.

As previously said, in a significant number of cases TS patients present also behavioral comorbidities. OCD is documented in up to 50% of patients in published experiences in Literature (Freeman, 2000; Robertson, 2000), while in our experience obsessive traits of personality can be demonstrated in up to 85% of patients. ADHD is present in up to 60% of patients in our series and in patients series presented in literature (Freeman, 2000; Robertson, 2000). Anxiety is documented in up to 40% of patients in literature data (Freeman, 2000; Robertson, 2000) while in our experience it presents in 50% of patients, while learning difficulties during school age present in 30% of TS patients both in our experience and in literature data (Freeman, 2000; Robertson, 2000). Some patients demonstrate a high grade of impairment in their social and working life (Neuner et al., 2009; Conelea, 2010; Du, 2010; Eddy et al., 2010, 2011).

Considering that a significant percentage of these patients may show a certain degree of improvement up to a complete disappearance of all clinical manifestations by the major age, deep brain stimulation (DBS) has classically been indicated for those patients failing to show a significant amelioration of symptoms during adulthood (Mink, 2006). On the other hand, it is during developmental age that clinical stigmata of the disorder cause the most of the damage, severely, and permanently altering the social functioning of the patient, in some cases to an extent in which even after regression of symptoms the return to a normal social life is impossible. Moreover, DBS for TS seems to have significant incidence of complications and thus its indication must be evaluated adequately before proceeding (Servello, 2010). Conversely, drug treatment has been used when treating a young patient with a significant social impairment, but again, important adverse event may issue (Bestha, 2010).

Drug therapies involve antipsychotic medications that have been shown to be weighted by significant adverse effects that may persist during adulthood to a point that recently the need for more strict treatment guidelines has been required (Panagiotopoulos, 2010; Pringsheim and Pearce, 2010).

Considering the experiences presented in international literature, a structured protocol for drug therapies is usually not cited, and reports describe “maximum dose of established treatments” (Kuhn, 2007), “an inadequate response to at least two dopamine blockers or catecholamine depletors” (Maciunas, 2007), “failure of best treatment by medication (antipsychotics), or intolerance after a minimum of 6 months of treatment” (Welter, 2008).

Indication to treatment be it invasive or conservative should be considered on the basis of a definition of refractoriness to treatments proposed in the previous “step” of the algorithm.

Our guideline is that patients need to be observed in order to document (1) the most impairing feature of that specific TS picture – this also helps when determining the appropriate target for DBS, and (2) the evolution of the clinical picture – and thus the need for an invasive treatment on the basis of the severity of clinical manifestations and the need for specific medications on the basis of clinical manifestations. At our Institution (IRCCS Galeazzi, Milan, Italy) patients are followed with at least 2 years of psychological therapy, and must show unsatisfying results (i.e., inadequate clinical response and/or side effects) with at least two drugs belonging to these categories: (1) traditional and/or innovative antipsychotics, (2) catecolamine depletors, (3) SSRI.

When considering DBS, our main goal (Servello, 2008) is to put the patient’s quality of life at the base of a therapeutic algorithm involving DBS.

Results of the DBS choice for these patients are at best still experimental, and thus a definitive indication to treatment still has to be defined (Hariz and Robertson, 2010).

Ackermans (2008) reports different nuclei targeted with DBS for intractable TS: (1) the medial portion of the thalamus, at the cross point of centromedian nucleus (CM) with ventralis oralis pars intermedia (Voi); (2) the medial portion of thalamus, CM – parafascicularis (Pf); (3) the globus pallidus pars interna (GPi), posteroventrolateral part; (4) the GPi, anteromedial part; and (5) the nucleus accumbens (NAc) and anterior limb of internal capsule (IC).

A complete evaluation of the patient’s quality of life must include the main complain of the patient and thus treatment should aim at treating that particular comorbidity or tic, and thus DBS target has to be tailored to the specific patient’s clinical manifestation (Sassi, 2010).
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Over the last three decades, large numbers of patients with otherwise treatment-resistant disorders have been helped by deep brain stimulation (DBS), yet a full scientific understanding of the underlying neural mechanisms is still missing. We have previously proposed that efficacious DBS works by restoring the balance of the brain’s resting state networks. Here, we extend this proposal by reviewing how detailed investigations of the highly coherent functional and structural brain networks in health and disease (such as Parkinson’s) have the potential not only to increase our understanding of fundamental brain function but of how best to modulate the balance. In particular, some of the newly identified hubs and connectors within and between resting state networks could become important new targets for DBS, including potentially in neuropsychiatric disorders. At the same time, it is of essence to consider the ethical implications of this perspective.
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INTRODUCTION

Over the last couple of decades, deep brain stimulation (DBS) has shown remarkable clinical efficacy and safety in helping with otherwise treatment-resistant problems such as movement disorders and chronic pain (Kringelbach et al., 2007b; Deniau et al., 2010). The underlying principles and neural mechanisms of DBS are not yet fully understood but translational research has shown that DBS directly changes brain activity in a controlled manner (McIntyre and Hahn, 2010) and that, in principle, the resulting effects are reversible (Perlmutter and Mink, 2006). Many chronic brain disorders are linked to disturbances in finely balanced oscillatory brain networks, and we have previously proposed that an important principle by which DBS might work is to help restore the balance of resting state networks (Kringelbach et al., 2010). Thus the identification and understanding of the structural and functional architecture of these neural networks have the potential to direct novel targets and treatments with DBS.

The purpose of this perspective is to review the current state-of-the-art in characterizing the structural and functional architecture of the brain with a view to how this can best be modulated through DBS. We will focus on the analysis of the spontaneous brain activity that give rise to the intrinsic dynamics of the brain, which can be measured as spatially and temporally segregated networks (Deco et al., 2011). Some of this activity can be measured with functional neuroimaging as spontaneous fluctuations in blood oxygen level-dependent (BOLD) functional MRI (fMRI) signal. These intrinsic measures are stable across sessions and participants, and remarkably quick to acquire over only a matter of minutes (Greicius, 2008), which opens up for their use in even severely impaired patient groups. The functional activity is linked to structural brain connectivity which can now be measured in vivo, and which to some extent constrain the functional networks (Bullmore and Sporns, 2009). The resulting brain networks are remarkable stable in healthy individuals but have been shown to break down in various brain disorders. This in turn opens up for the discovery of the function of the hubs and connectors that are controlling the activity within and between brain networks. We argue that a better understanding of the detailed breakdown of the sub-components of the resting state networks in brain disorders opens for a principled way to discover novel targets with DBS.

INTRINSIC NETWORK DYNAMICS

Over the last few years the focus of modern neuroimaging has started to shift from the study of extrinsic to intrinsic brain activity (Biswal et al., 2010). This change has been brought about by the realization that while the vast majority of neuroimaging studies have been devoted to studying task-related changes in brain activity, the additional energy associated with this activity is remarkable low, often less than 5% (Raichle and Mintun, 2006). Instead, the majority of brain energy consumption is devoted to intrinsic brain activity.

This intrinsic brain activity was mapped during the rest period in cognitive studies where researchers found a network of brain regions with remarkably high rates of change in metabolic markers such as cerebral blood flow, oxygen extraction and BOLD fMRI (Lou et al., 1999). This network of brain regions was termed the Default Mode Network where the main regions in the network showed the largest deactivations during extrinsic cognitive tasks (Raichle and Mintun, 2006). While the network was initially thought to subserve internal modes of cognition such as representations of self (Buckner et al., 2008), this view is challenged by the persistence of the default mode network during light anesthesia in humans (Greicius et al., 2008) and monkeys (Vincent et al., 2006), as well as during early stages of sleep (Fukunaga et al., 2006).

Other strands of research have focused on measuring the temporal correlation of spontaneous low-frequency BOLD signal fluctuations (Biswal et al., 1995). The measurement of these spontaneous fluctuations across various brain regions in the absence of an overt task has identified multiple functional resting state networks including the default mode network (Lowe et al., 1998; Greicius et al., 2003). Sophisticated independent component analyses of resting state patterns have identified at least seven networks which stay coherent over several minutes (Damoiseaux et al., 2006). Based on their brain components, these networks have been classified in (1) primary input–output networks (including sensorimotor, visual, auditory regions), (2) higher integrative networks (including attention, language, default mode, and executive regions; Beckmann et al., 2005), and (3) cortico-subcortical networks (including structures as the thalamus, basal ganglia, and cerebellum; Fox and Raichle, 2007). Interestingly, regions of the default mode network will remain tightly coherent but tend to show negative correlations with task-positive regions in the other networks.

The intrinsic activity of the human brain must be closely related to the large-scale anatomical connectivity between brain regions. Techniques such diffusion spectrum imaging and graph theory have revealed that the human brain exhibits a special kind of topology known as small-world architecture (Watts and Strogatz, 1998), which is characterized by high levels of local clustering among neighboring nodes (Hagmann et al., 2007; Bullmore and Sporns, 2009). Some nodes have higher connectivity in comparison with other nodes and are called hubs (He et al., 2009). The default mode network mostly consists of hubs, and in particular the precuneus and posterior cingulate cortex have been proposed to form the structural core (Hagmann et al., 2008). In general, structural and functional connectivity are linked, with the former predicting the latter (Honey et al., 2007). However, strong functional connectivity can exist between regions with no direct structural connection but that indirect connections and inter-regional distance to some extent can account for this (Honey et al., 2009).

This opens up the question of why these resting state networks exist in the first place. A long line of research has shown that the brain is primarily concerned with creating predictions optimizing input–output, which are then compared and updated accordingly (Friston, 2005). A potential explanation of the brain dynamics at rest has therefore been proposed to be linked to this constant state of exploration (Deco et al., 2011). The dynamics of the resting state networks could represent a metastable state; i.e., a state which persists for an extended period of time away from the natural equilibrium state. The brain is constantly exploring the potential functional network configurations, which over longer time windows will come to reflect the anatomical connectivity but over shorter time scales may be considerably more varied according to the impact of environmental demands. Computational models have shown how the important parameters in this process include local and global dynamics, noise, and signal transmission delay (Deco et al., 2009).

What has become clear is that neither the general neural dynamics, the structural connectivity, or the functional resting state networks are fully formed at birth but are being shaped during development (Fransson et al., 2007). As a result, important differences exist between infants, children, and adults (Gao et al., 2009; Supekar et al., 2010; Fan et al., 2011). The maturational processes must be driven foremost by extrinsic, environmental demands (Power et al., 2010) but also by intrinsic changes such as white matter maturation reshaping structural connectivity (Hagmann et al., 2010). It has been proposed that the epigenetic influences on shaping the neural dynamics of the resting state networks are at least as important as genetic factors, and can have a lasting impact on a number of important variables influencing quality of life, especially during the first 18 months (Parsons et al., 2010). One major variable of quality of life is overall hedonic tone, i.e., the likelihood of enjoying life and not suffering from anhedonia in mental disorders such as depression and anxiety. We have previously speculated that the default mode network may have an important role in shaping our overall well-being (Kringelbach and Berridge, 2009) (see Figure 1).
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Figure 1. (A) The brain’s default mode network is a steady state circuit of the brain where activity increases during rest (Gusnard and Raichle, 2001). The coloring indicates brain areas with significant levels of blood flow. (B) In the normal brain, this brain network can be described in terms of functional connectivity graphs. More strongly connected regions (indicated by heavier orange lines) are clustered near each other while weakly correlated regions are placed further away with the line width proportional to the connection strength (Gao et al., 2009). (C) Deep brain stimulation causally alters brain activity and future challenges include how to best restore this default network in malignant brain disorders. We made a tentative start by using MEG to investigate how a deep brain stimulation electrode implanted in the PVG/PAG can help a wider network alleviate the suffering of chronic pain (Kringelbach et al., 2007a). The three-dimensional rendering shows the significant increases in activity in shades of orange, e.g., in regions such as the mid-anterior orbitofrontal cortex (white circle), while the other colors represent landmark brain structures: thalamus (green), cerebellum (blue), and brainstem (light blue). IFG_L, IFG_R left and right inferior frontal gyrus; LTC_L, LTC_R, left and right lateral temporal cortex; PCC, posterior cingulate cortex/retrosplenial; PL_L, PL_R, left and right parietal lobes; vmPFC, ventromedial prefrontal cortex.



BALANCING RESTING STATE NETWORKS IN DISEASE

In general, resting state networks have been found to undergo significant, if sometimes only temporary changes in chronic brain disorders such as neuropsychiatric disorders (Greicius, 2008; Broyd et al., 2009). The causes of these perturbations are currently not well understood but it is clear that successful treatments somehow rebalance resting state networks. In disorders with no known pathology such as depression and anxiety, the subsequent rebalancing can occur spontaneously, or through carefully targeted interventions of either a cognitive nature (Teasdale et al., 2000) or even through more invasive methods such as DBS (Bewernick et al., 2010).

In pathological disorders with known pathologies like Parkinson’s disease (PD) or chronic pain, spontaneous rebalancing is much less common and treatments often relies on heavily on understanding the system through the appropriate translational methods. In the case of PD, significant progress has been made through a number of animal models including the highly successful 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) model in higher primates (Langston et al., 1983). This model has helped identify a number of efficacious DBS targets such as the subthalamic nucleus (STN; Bergman et al., 1990; Aziz et al., 1991).

In PD, the loss of dopaminergic cells means that the basic oscillations between cortex and subcortical regions become unbalanced. Human studies have found there are strong increases in beta (15–30 Hz) oscillatory activity in the STN when the patients are without dopaminergic medication, while therapeutic effective STN stimulation of larger than 70 Hz has the effect of suppressing this noisy activity in the basal ganglia (Brown et al., 2004).

Careful animal and human experimentation have thus given a better understanding of some of the fundamental principles of the breakdown in PD of how brain regions oscillate and communicate (Schnitzler and Gross, 2005). DBS has in turn brought some relief for over 60,000 PD patients since the early 1990s.

On the basis of this experimentation, some conclusions can be drawn about the neural and systems level mechanisms of action of DBS. The effects of DBS are closely linked to at least three factors: (1) the stimulation parameters (including frequency, amplitude, pulse width, and duration); (2) the intrinsic physiological properties of the neural tissue which may change with disease state; and (3) the interactions between the electrode and the geometric configuration of the surrounding neural tissue and specific anatomy of the targeted region (Kringelbach et al., 2007b). The evidence clearly shows that DBS affects multiple neural elements; foremost myelinated axons – and to a lesser degree cell bodies.

The fundamental mechanism of DBS is through stimulation-induced modulation of the activity of larger brain networks (Montgomery and Baker, 2000; Vitek, 2002; McIntyre et al., 2004; Kringelbach et al., 2007b; McIntyre and Hahn, 2010). This has been confirmed by optogenetic experiments in rodents which show that the therapeutic effects within the STN can be accounted for by direct selective stimulation of afferent axons projecting to this region (Gradinaru et al., 2009).

Despite the remarkable successes in treating PD with DBS, it is not clear at this point if the existing targets and treatments are the most efficacious. The oscillatory activity clearly reflects a variety of motor and cognitive–emotional processes but it is not clear how disease severity or extrinsic task demands affect the neural dynamics of PD (Vardy et al., 2010). Neuroimaging studies have, however, shown that the default mode network exhibits specific changes in PD (van Eimeren et al., 2009; Delaveau et al., 2010). Significant functional differences were found in the posterior cingulate cortex and precuneus, and connectivity analysis showed that the medial prefrontal cortex and rostral ventromedial caudate nucleus were functionally disconnected in PD. Some of these changes can be restored with administration of levodopa (Delaveau et al., 2010). Yet, so far DBS has not been used in any of the affected hubs of the default mode network in PD.

The large body of PD research mapping the underlying mechanisms of DBS has not yet been matched by a similar body of evidence for the emerging DBS treatment of neuropsychiatric disorders (Kopell and Greenberg, 2008). Interestingly, however, it should be noted that many of the brain structures involved in movement disorders are also implicated in affective disorders. This is for example demonstrated by how severe depression can be reversibly induced by DBS for PD (Bejjani et al., 1999; Temel et al., 2006).

From the present perspective, these transient changes are of considerable interest taken together with the demonstrated altered activity in affective disorders for many of the main hubs and connectors such as the subgenual cingulate cortex, orbitofrontal cortex, ventral pallidum, and nucleus accumbens (Giacobbe et al., 2009; Bewernick et al., 2010). These reward-related brain regions are known to modulate hedonic state and as such could be responsible for the debilitating anhedonia found in affective disorders (Kringelbach, 2005; Berridge and Kringelbach, 2008). One possible hypothesis is thus that DBS for affective disorders could work by modulating the hedonic circuitries in order to alleviate anhedonia (Kringelbach and Berridge, 2009; Kringelbach et al., 2010).

NOVEL RESEARCH AVENUES

The future of direct brain interventions will rely on having a much better understanding of the fundamental nature of intricate dynamics of the resting state networks. Most of the current evidence has come from neuroimaging techniques such as BOLD fMRI and positron emission tomography which are only indirect, correlational measures of neural activity. The dynamic nature of the short and long-term brain activity means that we will need a far more detailed understanding of underlying signals, including computational modeling (Deco et al., 2011). More temporally suitable neuroimaging methods such as magnetoencephalography (MEG) are starting to address these shortcomings (Hansen et al., 2010).

In fact, combining MEG and DBS may offer new insights into the fine-grained temporal neural dynamics of aberrant brain states, while at the same time providing novel insights into the fundamental principles as first demonstrated in 2006 (Kringelbach et al., 2007a) (see Figure 1C). The technical challenges of using an invasive technique with a highly sensitive method are significant but not insurmountable. One subsequent study used simultaneous MEG and local field potential (LFP) recordings from the DBS electrode to demonstrate that an image analysis method called beamforming is capable of suppressing the high-amplitude artifacts caused by the DBS wire and electrode and extracting artifact-free virtual electrode time-series (Litvak et al., 2010). Another study using DBS, LFP, and MEG found frequency-specific functional connectivity between basal ganglia and cortex in PD, suggesting that simultaneous inter-regional interactions may be segregated in the frequency domain (Hirschmann et al., 2010). Specifically, coherent activity was found in the low and high beta range in the ipsilateral sensorimotor and the premotor cortex, while coherence in the alpha range (7–12 Hz) was observed at various locations in the ipsilateral temporal lobe.

We combined DBS and MEG to obtain important new information about the underlying neural dynamics in a rare case of whole-body chronic pain (Mohseni et al., 2010). We stimulated one of the main hubs of the brain, the anterior cingulate cortex, and found the stimulation-specific alleviation of whole-body pain was modulating brain activity in a wide spread network of regions including the pre-supplementary motor area, brainstem periaqueductal gray, rostral anterior cingulate cortex, and medial prefrontal areas. Given the lack of good animal models for chronic pain, this information could be important for guiding future treatments. It could also be pertinent to our general understanding of the role of the anterior cingulate cortex in refractory depression, pain, and obsessive–compulsive disorder, and in particular why bilateral anterior cingulotomies have been found to have some beneficial effects (Steele et al., 2008).

DISCUSSION

We are only beginning to understand the neural dynamics underlying the intrinsic structural and functional brain activity (Biswal et al., 2010). It is, however, clear that specific modulation of these resting state networks in disease could bring significant benefits for future treatments of chronic brain disorders. The demonstrated clinical efficacy and safety of DBS means that this technique is an important tool for rebalancing the resting state networks (Kringelbach et al., 2010).

In this perspective article, we have reviewed the current evidence for DBS as a tool for modulation of the activity of the highly coherent functional and structural brain networks in health and disease. In particular, we have focused on how some of the hubs and connectors within and between resting state networks of the brain could become important new stimulation targets, including potentially in neuropsychiatric disorders.

Overall, DBS remains an important tool both for alleviating human suffering and for obtaining novel insights into the nature of fundamental brain function. Combining DBS with a better understanding of the intrinsic activity of the brain may come to serve as an important tool for rebalancing resting state network activity in chronic brain disorders. Yet, this promising avenue for discovering novel DBS targets must be guided by careful ethical considerations (Kringelbach and Aziz, 2009; Schlaepfer and Fins, 2010).
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Deep brain stimulation (DBS) emerged in the late 1960s as a possible therapeutic alternative to lesioning in patients with severe, chronic, intractable pain. DBS devices in the era were based on cardiac pacing technology but were greatly modified in implementation due to the unique needs of DBS. Clinical studies in the 1970s and early 1980s have revealed a technique with modest results which did not lead to regulatory approval for the treatment of pain. In the 1980s a new application for DBS emerged in the treatment of movement disorders. Clinical trials confirmed the robustness of the therapy leading to approvals by regulatory authorities in the US and Europe for the treatment of tremor and the symptoms of Parkinson’s disease. Technology based on that used for earlier clinical research in pain was improved by leveraging advances in cardiac pacing technology resulting in the sophisticated and reliable systems available today. In the 1990s scientific exploration began in the treatment of psychiatric disorders which is ongoing today. Simultaneously, studies into the treatment of epilepsy were begun which resulted in regulatory approval in Europe. Suggestions have been made to expand these scientific explorations to other central nervous system dysfunctions. Opportunity remains to improve the technology including individualized and symptom specific stimulation patterns, more physician and patient friendly programming, and possibly closed-loop systems for more situation dependent and effective therapy.
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INTRODUCTION

Neurostimulation is a method applied to treat various neurological disorders including chronic pain, urinary incontinence, and movement disorders. The vast experience with active implantable technology in cardiac stimulation has been evolved successfully into the development of neurostimulators and applications for chronic neurological and gastro-urological diseases. Major developments have been achieved through ongoing collaboration and partnership between academia and medical device industry. More than 80,000 patients have been treated with DBS worldwide through the end of 2010. The aim of this article is to provide an overview of the history, present status, and potential future developments of deep brain stimulation (DBS).

NOTICE

This article discusses current developments and future possibilities for DBS therapies. Three companies, Medtronic, Inc. (Minneapolis, MN, USA), St Jude Medical (St. Paul, MN, USA), and Boston Scientific (Natick, MA, USA) have developed DBS systems currently at various stages of regulatory evaluation and approval. The authors wish to emphasize that the only Medtronic DBS systems approved by regulatory authorities in Europe and the US are for the following therapies:

• Essential Tremor: CE Mark; FDA approval

• Symptoms of Parkinson’s Disease (PD): CE Mark; FDA approval

• Dystonia: CE Mark; Humanitarian Device Exemption (HDE) in US

• Obsessive Compulsive Disorder (OCD): CE Mark; HDE in US

• Epilepsy: CE Mark

Refer to the product labeling packaged with Medtronic DBS products for specific indications, contraindications, warnings, precautions, adverse events summary, and patient selection. Refer to the product labeling of St Jude Medical and Boston Scientific for the specific regulatory status of these systems.

DBS HISTORY AND CURRENT STATE

With new findings on the pathophysiology and neuroanatomy of thalamocortical–basal ganglia neural circuits in neurological and psychiatric disorders, Neurosurgeons, Neurologists, and Psychiatrists have explored DBS targets in regions that correspond to traditional lesional targets. At first, DBS was considered to be “reversible lesioning.” Further investigations, however, suggested that stimulation-induced modulation of brain activities may rather be the mechanism of action (Kringelbach et al., 2007). During the evolution of DBS in the treatment of pain, movement disorders, epilepsy, and psychiatric disorders, industry has worked hand-in-hand with physicians to develop these therapies.

PAIN

The first evidence of physician/industry collaboration on DBS came in 1969 when Hosobuchi approached Medtronic, Inc. to design and build a system to stimulate the ventral posterior medial (VPM) nucleus of the thalamus in a patient with severe intractable facial pain (Hosobuchi et al., 1973). Today, DBS for pain is utilized in a small number of centers who report positive results in a highly selected patient population (Owen et al., 2007).

MOVEMENT DISORDERS

In 1987, Siegfried and Benabid independently reported suppression of severe, intractable tremor by stimulation of the ventral intermediate (Vim) nucleus of the thalamus (Benabid et al., 1987, 1991, 1993; Siegfried and Shulman, 1987). Although there were earlier reports of stimulation suppressing involuntary movements in the context of treating pain, these were the first reports of chronic DBS specifically for the treatment of movement disorders. Subsequently, Benabid collaborated with Medtronic on the development of DBS for treating patients with severe, intractable tremor which culminated in a multicenter clinical trial and regulatory approval for the therapy. In 1994, Siegfried reported improvement of multiple symptoms of PD by stimulation of the globus pallidus internal (GPi; Siegfried and Lippitz, 1994). In 1993, Benabid extended this work to stimulation of the sub-thalamic nucleus (STN) in patients with PD (Limousin et al., 1995). Clinical studies in North America and Europe resulted in regulatory approvals for these two indications (Limousin et al., 1999; The Deep Brain Stimulation for Parkinson’s Disease Study Group, 2001). Later clinical studies confirmed the early data with evidence Level 1 results (Deuschl et al., 2006; Weaver et al., 2009; Williams et al., 2010).

Deep Brain Stimulation has been explored for treating other movement disorders, most notably dystonia with stimulation in the GPi (Coubes et al., 2000; Kupsch et al., 2006; Mueller et al., 2008; Vidailhet et al., 2009). Studies are ongoing for DBS in the treatment of cervical dystonia (Krauss et al., 1999), tardive dystonia (Trottenberg et al., 2001; Gruber et al., 2009), Gilles de la Tourette syndrome (Temel and Visser-Vandewalle, 2004; Porta et al., 2009; Hariz and Robertson, 2010), and other movement disorders.

EPILEPSY

Velasco et al. (1987) reported favorable results with stimulation of the centromedian nucleus of the thalamus with DBS. In 2002, Lozano reported seizure reduction with DBS of the anterior nucleus (AN) of the thalamus (Hodaie et al., 2002). This led to a multicenter, double blind, randomized industry sponsored clinical trial of DBS of the AN in patients with refractory epilepsy which resulted in regulatory approval for the therapy in Europe. Fisher et al. (2010) concluded that bilateral DBS of the AN is useful in medically refractory partial and secondarily generalized seizures while the complication rates are modest. However, in the US, the FDA continues to review the data for risk benefit and approval for the therapy has not yet been granted. Meanwhile, Boon conducted pilot studies of amygdalohippocampal stimulation in temporal lobe epilepsy (Vonck et al., 2002; Boon et al., 2007). These studies are ongoing. A second industry sponsored clinical study is currently underway which evaluates the effect of stimulation of the seizure focus with a device capable of either surface or depth stimulation (NeuroPace, Mountain View, CA, USA).

PSYCHIATRIC DISORDERS

In 1999, Nuttin proposed stimulation of the internal capsule (IC) as an alternative to irreversible capsulotomy in the treatment of OCD opening the gateway for exploration of DBS in psychiatric disorders (Nuttin et al., 1999). Early mixed results led to a redefinition of the target as the area just ventral to the IC (ventral capsule/ventral striatum, VC/VS) and/or the nucleus accumbens (NA; Sturm et al., 2003; Denys et al., 2010; Greenberg et al., 2010). A French multicenter study explored the effects of DBS in the associative limbic part of the STN (Mallet et al., 2008). Observations that OCD patients treated with DBS in the region of the ventral striatum showed reduced depression led teams in North America and Europe to explore the use of DBS in the treatment of severely refractory depression patients (Malone et al., 2009; Bewernick et al., 2010). Studies are ongoing in North America, Europe, and elsewhere on these applications.

Other targets for the treatment of depression disorders under clinical investigation include the white matter adjacent to Brodmann Area 25 in the subgenual cingulated cortex (Cg25; Mayberg et al., 2005; Hamani et al., 2011), the ventral caudatum (Aouizerate et al., 2009), and the lateral habenula (Sartorius et al., 2010). Very recently the lateral branch of the medial forebrain bundle has been hypothesized to represent an alternative target (Coenen et al., 2010).

Deep Brain Stimulation is currently approved for the treatment of OCD by stimulation of the VC/VS through the HDE process in the US and by CE Mark in Europe. Both approvals were based on limited data and additional studies are ongoing to further clarify the benefits and limits of the therapy. Major industry sponsored trials of DBS of the VC/VS and DBS of the Cg25 in the treatment of depression are now underway. DBS for all other applications and targets in the treatment of psychiatric disorders is at an exploratory stage. The scientific community is concerned to avoid repeating the errors of a previous era of psychosurgery by proceeding carefully and in consultation with experts in ethics (Kringelbach and Aziz, 2009).

RISKS

Infection is one the most common adverse events reported at around 2.5% per year of which about one in five results in the explant of a portion of the system. Surgical complications are reported in the 3–4% range. Intracranial hemorrhage is reported at about 3%, approximately half of which are asymptomatic, a quarter are transient, and a quarter result in permanent deficit. Operative mortality is well under 1% (Voges et al., 2007). Hardware failure including lead dislodgement and fracture can also occur leading to replacement surgery.

Depression, suicidal ideations, and suicide have been reported in patients receiving DBS for movement disorders although no direct cause and effect relationship has been established (Witt et al., 2008). Patients should be assessed preoperatively for risk and monitored post-operatively for presence of these effects.

ETHICAL CONSIDERATIONS

Other potential therapeutic applications for DBS are numerous [cluster headache, dementia, addiction, gait disorders, obesity (Halpern et al., 2008), blood pressure, etc.] The ultimate goal is to improve quality of life for patients and their caregivers. While there is strong evidence for DBS in Parkinson’s disease, essential tremor, and dystonia, there is still more work needed to extend the knowledge on therapy efficacy, safety, and cost efficiency in other indications. Therefore it is crucial to conduct well designed controlled studies in line with the ethical criteria described by Lipsman et al. (2010). DBS should be used to help restore normal function and provide relief from distress and should never be used for augmentation or brain enhancement (Kringelbach and Aziz, 2009). The potential benefit should always be balanced with the potential risk for surgical or stimulation-induced adverse events.

DESIGN AND BUILD OF DEVICES

The components of implantable DBS systems include the neurostimulator, extensions, lead, and electrodes and the external components such as physician programmer, patient programmer (Figure 1), and a recharger for rechargeable devices.
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Figure 1. Deep Brain Stimulator System Type Activa®PC (primary cell). The patient programmer may perform device status interrogation (e.g., power status, program group, battery status, and on/off function).



When Hosobuchi approached Medtronic in 1969 to build a DBS system, cardiac pacing technology, the basis of the industry, utilized mercury zinc batteries housed in large devices with simple circuits. Clearly to deliver a pulse train of up to 100 pulses per second (pps) at the therapeutic voltage and pulse width required for neurostimulation demanded an alternative approach. Thus, the first DBS systems were radio frequency devices. The electrode was implanted at the appropriate brain target and cabled to a passive radio frequency receiver powered from a transmitter carried on the patient’s belt. The transmitter was coupled to the implanted device with an antenna taped to the patient’s skin over the implanted receiver.

Over the following two decades, improvements in power sources and circuit efficiencies in cardiac pacing were adapted for neurostimulation devices. The advent of lithium battery technology for implantable applications led to the possibility for neurostimulators to be fully implantable by the end of the 1980s, thereby reducing the dependence on the patient to care for and manage an external device. Implantable devices are programmed by a physician programmer. The programmer communicates with the electronics of the implanted device using pulse-width and/or pulse interval-modulated encoding of an inductively coupled carrier frequency.

In addition, improvements to circuit efficiency and capability have allowed for the development of dual channel devices capable of powering two four-contact leads. A new generation of devices provides increased parameter variability thus allowing the physician to tailor the stimulation to meet the topography and nature of the patient’s symptoms with the aim to optimize therapeutic outcome while minimizing side effects (Wojtecki et al., 2011). A new generation of silver vanadium oxide batteries has been developed to meet these increased power requirements.

Commercial stimulators use charge-balanced stimulation resulting in zero net flow of charge to avoid deleterious effects. Different electrode configurations can be programmed for monopolar and bipolar stimulation. Based on the specific therapy application the parameters can be adjusted over a range of 0–10.5 V, 60–450 μs, and 2–250 pps (Testerman et al., 2006). Typical stimulation parameters for DBS for currently approved therapies such as movement disorders are in the range of 2–4 V (2–4 mA for a DBS electrode impedance of 1000 Ω) 90–180 μs pulse width, and 100–185 pps.

Due to the wide range of parameters in a neurostimulator, the battery life can vary considerably. For movement disorder applications, typical battery life expectation ranges from 2 to 5.5 years. For psychiatric applications, battery life may be considerably shorter due to the larger electrode surface areas and voltage levels required. The expected life can be from under 1 to 1.5 years although these numbers have been increasing as the targeting of the electrode contact has been refined.

The recent development of implantable rechargeable batteries has allowed physicians to provide DBS therapy to patients with higher energy requirements. Expected time-to-replacement is increased with the use of rechargeable DBS neurostimulators to 9 years. The aim of these developments is to improve patient comfort, reduce frequency of replacement surgeries, increase safety and efficacy, and to improve cost–benefit ratio of the therapy. However, recharging a neurostimulator requires patient cooperation and the patient’s ability to comply should be considered before selecting this option.

Simultaneously, improvements have been made to the electrode systems. Today’s electrodes are flexible, yet durable, and are configured to meet the anatomical requirements of the area to be stimulated. Pathological findings in the brains of eight Parkinson’s disease patients treated with DBS showed only mild gliosis around the lead track. The authors concluded that chronic DBS does not cause damage to adjacent brain tissue (Haberler et al., 2000).

The description of the DBS implantation procedure would expand the scope of this article beyond its intent. However, it is important to point out that the surgery requires a multidisciplinary team. It involves several steps from mounting the stereotactic frame to implanting the DBS neurostimulator (Figure 2). Recent findings from a study on Parkinson’s disease patients suggest that frameless implantation of DBS leads compared to frame based technique may result in comparable clinical outcome when performed by an experienced team (Brontë-Stewart et al., 2010).
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Figure 2. Deep Brain Stimulator requires an multidisciplinary expert team and is a multi-step procedure involving stereotactic frame mounting (or “frameless” tools fixation); imaging, neurophysiological assessment, target verification prior to the DBS lead, and DBS system implantation.



FUTURE DEVELOPMENTS

The ultimate goal of new technologies and developments is to improve patient outcome, reduce clinical burden, and reduce dependency on the patient to manage the device. Any new medical device requires the balance of three key elements: unmet medical or user need, technical feasibility (including safety and reliability), and scientific verification.

Several areas to consider are:

• The ability to steer the electrical field around the electrodes will be an advantage in optimization providing some forgiveness in electrode location while still allowing the physician to optimize the therapy post-operatively.

• Exploration of alternatives to the fixed rate pulse train may improve efficacy and/or decrease potential for adaptation over time. These alternatives could include amplitude, frequency, or pulse-width modulation and intermittent stimulation.

• Many patients with chronic neurological diseases are at a point in their life where interacting with a medical device can be confusing. Making that interaction simpler and more obvious is a continuing challenge for the industry.

• MRI safe systems will provide a great advantage to the physician in the ongoing care of these patients.

• Work will continue to explore how to identify and use biomarkers, e.g., local field potentials, for closed-loop neurostimulators to provide intelligent DBS therapies (Stanslaski et al., 2009).

CONCLUSION

Deep Brain Stimulation is a novel technique which has shown beneficial results in individual patients in several central nervous system disorders including pain, movement disorders, psychiatric disorders, and epilepsy. DBS therapy and product development has depended on a close collaboration between industry and physician pioneers in the fields of interest. Today DBS for the treatment of essential tremor and the symptoms of PD is approved by the regulatory authorities in the US and Europe. DBS for the treatment of dystonia, and OCD is CE Mark approved in Europe and through the HDE process in the US. DBS for the treatment of epilepsy is approved in Europe but remains unapproved in the US.

The nervous system plays a role in the control of every body function and, as a result, it is tempting to think that DBS could play a role in all medical dysfunction. Industry and physicians must be careful to select those potential applications of DBS that will bring maximum value to patients and must be committed to fully respect and comply with all applicable rules and regulations in the therapy development process and particularly in the conduct of clinical studies.

DISCLAIMER

The reader will note that the authors are associated with Medtronic, Inc. as employe and consultant. This paper contains information which discusses uses of DBS that have not been approved by regulatory agencies. Medtronic does not market its products for unapproved indications and can make no representations regarding the safety and/or efficacy of the devices if used for unapproved claims.
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Parkinson’s disease (PD) is an example of a disease area experiencing increasing use of deep brain stimulation (DBS) to treat symptoms. PD is a major cause of morbidity and has a substantial economic impact on the patients, their caregivers, the health service, and broader social and community services. The PDSURG Collaborators Group reported that DBS surgery for patients with advanced PD improves motor function and quality of life that medical therapy alone at 1 year but there are surgery related side effects in a minority (Williams et al., 2010). The aim of this paper however is to build upon the knowledge generated from evaluating DBS in PD and to provide a detailed perspective on the economic evaluation of DBS more generally with a view to providing a framework for informative design of DBS economic evaluations. This perspective will outline the key categories of resource use pertinent to DBS beyond the surgical scenario and into the broader aspects of follow-up care, adverse events, repeat procedures, social and community care, patient and carer costs, and will explore the importance of handling capital costs of DBS equipment appropriately as well as including costs occurring in the future. In addition, this perspective article will outline the importance of capturing broader aspects of “outcome” or benefits as compared to those traditional clinical measures used. The key message is the importance of employing a broad “perspective” on the measurement and valuation of costs and benefits as well as the importance of adopting the appropriate time horizon for evaluating the costs and benefits of DBS. In order to do this effectively it may be that alternative methods of economic evaluation in health care to the commonly used cost-effectiveness analysis may have to be used, such as cost-benefit analysis (McIntosh et al., 2010).
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INTRODUCTION

The aim of this paper is to outline issues pertinent to the economic evaluation of deep brain stimulation (DBS) with a view to providing a general framework for future economic evaluations of DBS technology whatever the indication. The broad economic issues around DBS technology are currently an under researched topic. This is due to the lack of evidence from large comparative studies but also due to a lack of theoretical consideration of the key range of costs and benefits associated with DBS, their long-term impact and related methodological considerations. Whilst a number of economics publications have contributed to the evidence base in this area independently on costs and health-care outcomes in the area of Parkinson’s disease (PD) significant gaps remain on the “cost-effectiveness” of DBS technology more generally. At present Government funding for many health-care procedures such as DBS is often based on inaccurate costs and narrow measures of benefit. This is partly due to the complexity of costing disease treatment pathways and limited vista on the definition of benefits used. DBS is no exception to this. It is therefore important to have robust evidence on both the short and long-term costs and health-care outcomes of DBS interventions. Such information allows decision makers to prioritize funding appropriately using sound evidence.

This perspective article will begin by introducing the key cost and outcome components relevant to DBS and this will be followed by specific topics of methodological importance in the DBS area related to both costs and benefits. Finally, a discussion will be based around the key economic factors that will influence the cost-effectiveness of DBS as well as the theoretical and methodological challenges to using a broad evaluation perspective, with particular reference to the importance of measuring outcomes in the DBS area.

THE IDENTIFICATION OF RESOURCE USE DATA IN DBS

A detailed comparison of patient resource utilization and costs of all aspects of DBS surgery and its comparator is crucial in any evaluation of DBS. Ideally such data will come from a randomized controlled trial (RCT) or other rigorous design. Resource use data in DBS are typically related to the resources outlined in Table 1.

Table 1. Resource data typical in DBS.
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HOSPITAL STAY

In DBS it is predicted that the duration of hospital stay for the DBS surgery and any related subsequent events and adverse events related to the surgery such as infections will be a significant key cost driver of the total cost. It is therefore important to identify hospital stay in the economic evaluation as accurately as possible.

DBS EQUIPMENT

As outlined in Table 1 above the different types of equipment involved in DBS are: implantable pulse generator (IPG), electrodes, extension leads, patient controller as well as the large capital items used by the surgeons, nurses, and electrophysiologists during the operation such as the stereotactic frame which keeps the head still during the DBS operation and the planning station used to identify the appropriate coordinates in the brain for targeting the electrodes. There are a number of different suppliers producing these equipments and generally the prices are similar. Due to the high cost of these pieces of equipment it is important that they be accurately annuitized as a function of lifespan and cost per use estimated based on throughput. A paper by Joint et al. (2002) estimated the hardware-related problems of DBS and noted a 20% rate of hardware-related problems in their cohort as compared to a range of 7–65% reported by other groups. The cost of the equipment may change over time for instance in DBS a new implant has been developed with a much longer battery life however the capital cost of this is more expensive and currently in the UK only few patients have been given this option. Table 2 below gives a summary of the range of costs for the DBS equipment.

Table 2. Approximate costs# of DBS equipment and related planning equipment.
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MEDICATION

It is the case in PD that often following DBS surgery patients become less reliant on certain forms of medication. The reduction in such a cost should be taken into consideration by the economic evaluation as a function of time. Drug prices should been calculated from the net cost used in pricing excluding VAT (For UK specific medication costs are obtained from the British National Formulary, BNF; Joint Formulary Committee, 2010. Prices should reflect the cost per individual patient dosage calculated on a daily basis and multiplied by the appropriate time period. In DBS data should also be collected on medication change over time to allow for the beneficial effects of DBS permitting a reduction in medication use. Such detailed information on drug use is important in the evaluation of DBS as it is the case that whilst the majority DBS costs are up front and occur at the time of the surgical episode it may be the case that the offset reductions in expensive drugs (e.g., Apomorphine in PD) may continue for a number of years and give rise to substantial cost savings which, if ignored, could bias the economic evaluation. In the situation where long-term data are unavailable then the use of economic modeling techniques and sensitivity analysis methods are recommended to identify the magnitude of savings.

SERIOUS ADVERSE EVENTS

In DBS in PD some of the more common serious adverse events arising following surgery include infections (often caused by breakthrough of electrodes), stroke, hemorrhage, DVT (Costs identified in Ramzi and Leeper, 2004) and fractures arising from falls following DBS (wrist, humerus, pelvic, odontoid). The main cost incurred with infections are the cost of hospital stay and antibiotic treatment but the costs increase markedly where the infection requires that the IPG and electrodes be removed and a new set inserted. Such adverse events are likely to be similar across disease areas as they are common to the technology rather than the disease hence, the costing for such adverse events may be transferable across economic evaluations.

INFORMAL CARE COSTS

The number of carers per patient and the duration of time spent caring per week should be collected where possible so that the impact of DBS on such “informal care” can be estimated. The informal costs of caring can be estimated based on a number of different assumptions for the hourly rate of caregivers (Van den berg and Ferrer-I-Cabonell, 2007; De Meijer et al., 2010). Informal care can comprise a substantial part of long-term care and often substitutes formal home and nursing home care (Van Houtven and Norton, 2004). Van Houtven and Norton (2004) show that informal care reduces formal health-care use and delays nursing home entry. Informal care can be thought of as comprising elements such as home keeping, personal care, support with mobility, administrative tasks, and socializing. In health care, unlike the available unit costs identifiable for formal care such as those outlined in Table 2, market prices for such informal care services often do not exist. For example the cost of informal care may not reflect the true societal value of resources attributed to this activity (Drummond et al., 2005) and as such “shadow” prices or proxy values are used (McIntosh et al., 2010). With health services becoming increasingly reliant on informal care and the associated shift in costs from the health-care sector to the community, for instance through early discharge programs, the substitution of inpatient care with ambulatory care and the move toward community care of the mentally ill – the greater the importance attached to recognizing and valuing the true cost of unpaid inputs. Provision of informal care may also result in additional costs (although perhaps not direct financial costs within the health-care sector) which should also be incorporated into the value of the unpaid input. These additional costs are shown in Table 3. In DBS it may be the case that the amount of informal care required by recipients is reduced with successful DBS and as such should be incorporated into the economic evaluation.

Table 3. Additional costs associated with informal care.
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INSTITUTIONALIZATIONS AND CARE HOME COSTS

Where DBS treatment allows patients to continue staying in their own home being cared for by their carers then the avoidance of institutionalization and care home costs can be substantial. It important therefore that such costs be included in the evaluation of DBS – it may be that this gives rise to substantial savings over time.

PRODUCTIVITY COSTS AND DBS

Productivity costs as defined by the Washington Panel are: “…costs associated with lost or impaired ability to work or engage in leisure activities due to morbidity and lost economic productivity due to death” (Gold et al., 1996). Brouwer et al. (2001) propose an alternative definition of productivity costs as “Costs associated with production loss and replacement costs due to illness, disability, and death of productive persons, both paid and unpaid.” For a comprehensive guide to all three methods both theoretically and practically as well as a direct comparison of the methods see Pritchard and Sculpher (2000), see also (Rice and Cooper, 1967; Koopmanschap et al., 1997). Productivity cost are pertinent to DBS as this technology may enable patients to engage in or indeed return to an economically productive life such as returning to a job or engaging in valued leisure time once again. As such any economic evaluations in the area of DBS should ensure that employment status or daily activities are measured accordingly so that the impact of DBS on such activities are captured.

KEY CONCEPTS IN COSTING METHODOLOGY USED FOR DBS EVALUATIONS

A “micro” approach to the costing of surgery and medical resources uses patient-specific data itemized by use of resources and such an approach is useful in early evaluation of new technologies where the key cost drivers have yet to be identified. The key cost drivers in DBS will ultimately be the high capital costs of the equipment which is patient-specific as well as the ward stay and follow-up procedures including adverse events and repeat implantations. It is recommended that where DBS is being evaluated for the first time in a disease area a micro-costing approach be used to identify the key cost drivers.

BASE YEAR

It is important to identify all costs in the same base year. This may require inflation or deflation of some items. The current discount rate for annuitization of capital items is 3.5% as recommended by HM Treasury (HM Treasury, 2003). Bearing in mind that to get to the final “total” cost figure many different variables have to be added together and different data points will have differing levels of complete data from patients hence missing data should be analyzed using appropriate techniques such as multiple imputation methods (Van Buuren et al., 1999).

EQUIVALENT ANNUAL COST (EAC) OF DBS EQUIPMENT COSTS

As outlined in earlier annuitization is an important costing method relevant to DBS as a result of the high cost items of equipment used. Capital costs tend to occur at a single point in time however, capital assets are used over time and can be sold at any time therefore the opportunity cost of capital is spread over time. As a consequence of this, the appropriate costing of capital items requires the calculation of an EAC. This EAC is therefore the capital cost apportioned into EACs as a function of expected lifespan and appropriate discount rate. In addition to this however to obtain a “unit cost per use” items of capital generally also require the inclusion of annual servicing and replacement part costs and these “annual costs” should then be divided by the annual throughput of patients using the equipment to obtain a unit cost per use. Box 1 below provides a worked example of the annuitization of the cost of a stereotactic frame and this annuitized cost transformed into a “cost per use” as a function of annual service costs, annual replacement parts, and annual utilization rate.


Box 1. Annuitization example of stereotactic frame used in dbs surgery.
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HANDLING UNCERTAINTY IN DBS ECONOMIC ANALYSES

Briggs (2001) distinguishes among a number of different types of uncertainty depending upon whether the data are patient level or from decision analytic models. In stochastic analyses such as alongside clinical trials they identified four main types of uncertainty: methodological; sampling variation; extrapolation; and generalizability/transferability. For all types of uncertainty apart from extrapolation, where modeling methods are recommended, sensitivity analysis is the recommended approach to handling uncertainty. Sensitivity analysis is a method whereby various parameters in the analysis are varied in order to test the impact on the overall result. The main types of sensitivity analysis are one way; multi-way; scenario analysis, threshold analysis, and probabilistic sensitivity analysis (PSA). See Briggs (2001), Drummond et al. (2005), and Glick et al. (2007) for fuller expositions of these methods. Key parameters influencing the cost of DBS and which may make the total cost variable “sensitive” to change and therefore impact the overall result of the study include the following: source of unit costs; cost perspective; lifespan of capital items such as those outlined in Table 2; patient throughput; discount rate and annual service and maintenance costs. Box 1 above outlined the importance of appropriate methodology to identify the cost per use of a stereotactic frame used in DBS. Box 2 below now uses this to highlight the importance of sensitivity analysis on key costs in DBS based on changing the key assumptions regarding lifespan, throughput, and annual service and maintenance costs.


Box 2. Sensitivity analysis of DBS stereotactic frame cost assumptions.
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Box 1 above showed that the base cost of £668.03 per use was estimated based on the following assumptions: lifespan = 3 years; annual service cost = £1,036; annual cost of replacement parts = £700 and annual utilization rate = 40. Carrying out the sensitivity analysis outlined in Box 2 shows that the cost per use is sensitive to changes in lifespan and throughput but less sensitive to changes in annual service and maintenance costs. This analysis shows that for the stereotactic frame cost involved in DBS, efficiency savings could be achieved by increasing its lifespan (albeit incurring some extra maintenance and service costs) and increasing the annual throughput of the Frame – this may be achieved by diversifying the frame’s use to procedures other than DBS.

THE IMPORTANCE OF TIME HORIZON WHEN EVALUATING DBS TECHNOLOGIES

In the UK the National Institute for Health and Clinical Excellence (NICE) makes recommendations to the NHS on new and existing medicines, treatments, and procedures. NICE have devised the concept of a reference case which was developed by experts in the methodological aspects of economic evaluation. The reference case, based on that published by Gold et al. (1996) specifies the methods considered by the institute to be consistent with an NHS objective of maximizing health gain from limited resources. Within this reference case the time horizon recommended should be long enough to include all relevant costs and outcomes relating to the intervention. This is an importance issue for economic evaluation of DBS technologies as it is the case that many of the expensive equipment and hospital stay costs are very much “up front” and it is possible that the savings in terms of reduced medication and other health service costs do not occur till further in the future. Likewise additional costs incurred such as replacement IPGs and adverse events related to for example, infection, hemorrhage, and falls may not happen till later then these costs must be included in the economic evaluation to reveal the true economic picture of DBS in relation to the next best alternative treatment.

IDENTIFICATION, MEASUREMENT, AND VALUATION OF HEALTH ECONOMIC OUTCOMES IN DBS

While the majority of this paper so far has been dedicated to the identification, measurement, and valuation of resources involved in DBS another crucial element to any economic evaluation is the identification, measurement, and valuation of outcomes. Indeed, it is my opinion that this is an area under researched and of great significance to the economic research arena in this area. Investigation into the science behind outcomes valuation is not always considered by many to be the job of economists who are often heralded as “accountant” types however this is far from true. Indeed mainstream economists in many disciplines from environmental to transport and health economics have developed sound theoretical methodologies for valuing outcomes that are increasingly being used.

MEASURING HEALTH ~QALYs AND BEYOND

The subject of measuring health and disease is the concern of many disciplines beyond health economics (Bowling, 1991, 1995), including public health, epidemiology, and statistics. In health economics it is widely accepted that it is theoretically possible to use numeraires such as health state utility to value outcomes (Torrance and Sackett, 1972; Torrance, 1976; Sackett and Torrance, 1978; Torrance et al., 1982). Culyer (1989) argued for an “extra welfarist” approach to health. Unlike the traditional economic “welfarist” approach which measures everything deemed to impact upon a person’s overall utility (including health) the task of measuring only changes in “health” was advocated in the “extra welfarist” approach, with the quality adjusted life year (QALY) as the instrument of choice (Williams, 1985; Culyer, 1989). As a consequence, much of the health economics literature in recent years has concentrated on issues around measuring and valuing preferences for health care in non-monetary mediums, i.e., quality of life (QOL; Drummond et al., 1987; Buckingham, 1993, 1995; Richardson, 1994). This has led to the development of health state valuation measures such as QALYs (Williams, 1985). In health economics the QALY is the common outcome measure employed by health economists alongside the many clinical outcomes measures specific to disease areas (such as the Hoehn and Yahr, 1967 and PDQ-39 Jenkinson et al., 2008 in PD) and measures of clinical effectiveness commonly used in cost-effectiveness analyses (Drummond et al., 2005). The advantage of the generic QALY is its ability to be compared across many disease areas allowing cost-utility estimates to be compared. In DBS surgery, given the global acceptance of the QALY as a generic measure of QOL (Dolan et al., 1995), with its 150 language translations, it would be recommended as a generic measure to be administered alongside disease specific measures of relevance to the particular condition. The EuroQol Group launched a new EQ-5D-5L (EQ-5D 5 level) self-complete version in 2009 with the aim of further improving the sensitivity and reducing ceiling effects of the existing EQ-5D-3 level version. This is now available in more than 40 translations. Future plans include EQ-5D-5L versions in web and tablet format (The EuroQol Group, 2011).

RISKS IN DBS

As outlined earlier, there are a number of risks associated with DBS surgery and how these are communicated effectively to patients is important. It is often the case with DBS surgery, such as in advanced PD that DBS surgery is the only remaining option once medication effects have worn off over time. In this situation, for some patients, there are little viable alternative treatments. The risks and benefits of the surgery must be explained to the patient, often using detailed patient information leaflets summarizing the available evidence on the risks, side effects, and long-term outcomes of the procedure. The University of Florida Movement Disorders Centre (MDC; Movement Disorders Centre UoF, 2011) outline the main risks occurring during the surgical procedure. One of these risks occurs when microelectrodes are inserted into the brain to determine the best target location. If a microelectrode, or alternatively the DBS lead, punctures a blood vessel it can lead to a stroke or a stroke-like syndrome which may result in weakness, numbness, sensory loss, visual difficulties, or a host of other neurological problems. Additionally, patients with cognitive dysfunction may worsen following DBS, and the surgery may affect one of many mood and cognitive circuits leading to changes such as depression, laughter, memory problems, or other psychiatric, and/or behavioral features. Additionally, there is a chance the lead may migrate, or the electrode, connecting wire, or implanted pulse generator may break and need to be replaced. Any time a foreign body is implanted into a human there is a risk for infection, both at the skin level, and in the brain. The batteries in the device will have to be changed requiring additional surgery, with the average time to battery replacement differing based on the underlying disorder, as well as the stimulation settings. As with all surgical procedures, there is a small chance of infection, and death from the procedure. To download the patient information leaflet used in the DBS in PD study (PDSURG) to see how the risks of DBS surgery were described in this context please see the PDSURG website (http://www.pdsurg.bham.ac.uk).

Clinicians have seen first-hand how DBS has provided significant improvements in QOL for patients with PD, tremor, dystonia, and other movement and basal ganglia related brain disorders. However as outlined above DBS surgery is not suitable for everyone and clinicians we will need to be able to select the best possible candidates by making assessments as to those patients who have the most favorable risk-benefit ratios and delivering that information effectively (Movement Disorders Centre UoF, 2011). Clinicians will need to better educate patients about who is a suitable candidate, and what they can expect and anticipate from the DBS surgical approach to their problems. As outlined by the MDC perhaps the biggest risk of surgery is that for patients and families the surgery will not meet perceived expectations. Hence it is recommended that patients have an in depth consultation with a movement disorders neurologist to outline the risks and benefits of DBS. The MDC at the University of Florida offers a mnemonic device for PD patients interested in DBS to help educate them and alter their perceptions to more closely match what is known about anticipated benefits of surgery. The future however will also bring about changes in risks and benefits as the technology evolves. For instance there will be rechargeable devices as well as devices that will work on a closed-loop circuit (meaning they will automatically turn on when needed).

THE IMPORTANCE OF BROAD OUTCOME MEASURES IN DBS

In DBS the use of QALY’s as a generic measure is recommended alongside other relevant clinical measures. However a recurring theme across all disciplines attending the BIDS DBS workshop in September 2010 was the importance of broad outcome measures in DBS to measure and value attributes of importance beyond those of pure clinical relevance. Broader, and more complex outcomes of DBS such as happiness, dignity, personality change, depression, euphoria, social stigma and so on may not be adequately captured within clinical measures and may need to rely on broader economic measures to “value” them. If a health service such as the provision of DBS contributes positively to human wellbeing, it has economic value. Whether something contributes to an individual’s wellbeing is determined by whether or not it satisfies that individual’s preferences. The basic value judgment underlying economic valuation is that “preferences count,” although this does not imply that all decisions must be made on the basis of what people want. Other factors, such as what is morally appropriate, what is ethically acceptable, and what is reasonable and practical, should be taken into account, although often such factors are less amenable to formal economic analysis. Such a concept is crucially important in the economic evaluation of DBS as there are a number of ethical, moral, social, and legal factors which all play a part in this technology (as outlined by the other papers in this special edition). One way of estimating the economic values attached to non-marketed goods and services is to use a stated preference (SP) approach. SP approaches are based on hypothetical or constructed markets, i.e., they ask people to state what economic value they attach to attributes of those goods and services. SP methods in the DBS context would reply on health-care researchers devising questions about the risks and benefits involved in DBS and asking patients or members of the population to make valuations of the possible outcomes using money (willingness to pay methods) or identify trade-offs related to life expectancy (time-trade off methods) or risk of death (standard gamble methods). It is this approach which will be relevant to the broad evaluation of economic outcomes in DBS as it would permit the valuation of attributes beyond only health of importance to patients, as outlined above. In the area of DBS it may be that an economic SP measure may afford the measurement and valuation of a much broader range of benefits than individual clinical specific or disease specific measures are able to.

DBS AND THE CAPABILITY APPROACH

One developing approach in health economics that may be suited to such broader evaluation of DBS outcomes is the capability approach (Sen, 1993). As outlined more recently by Coast et al. (2008b) the capability approach advocates the evaluation of programs or interventions on the basis of the extent to which a person is able (has the capability) to function in a particular way. Given this, the capability approach offers a potentially much richer set of dimensions for evaluation. Nussbaum (2003) has drawn up a list of 10 central human capabilities comprising life, bodily health, bodily integrity, senses, imagination and thought, emotions, practical reason, affiliation, other species, play and control over one’s environment. Indeed research using capabilities to develop a measure of outcome relevant to older people in the UK (ICECAP-O) looks promising as it contains attributes of direct relevance to the older population such as attachment, security, role, enjoyment, and control (Grewal et al., 2006; Coast et al., 2008a). The capabilities approach may be pertinent to DBS surgery in many areas as there are broader impacts than simply “health” per se with such surgery. The human capabilities outlined above such as bodily integrity, emotions, and control over one’s environment can easily be linked to say the outcomes from DBS in advanced PD. Further development of such approaches will likely require the use of economic evaluation frameworks beyond cost-effectiveness and cost-utility and into the realms of cost-benefit analysis (McIntosh et al., 2010).

DISCUSSION

In providing a perspective on the economic evaluation of DBS this article has attempted to cover the key topics of specific economic relevance to DBS pertinent to all indications. These key topics include the importance of appropriate handling of DBS equipment costs, the significance of evaluating within the appropriate time horizon due to the possibility of repeat DBS procedures, adverse effects, and economic impacts upon medication use affected by DBS. In addition to this the article has outlined the importance of adopting the use of broader outcome measures to allow the true impact of the wide range of effects of DBS to be valued by patients and their carers. It may be the case that newer developments such as the ICECAP-O measure or other approaches utilizing the capabilities approach capture the value of attributes of outcomes otherwise left unvalued by other measures.

The use of DBS is gradually increasing in a number of different health-care indications. While the evidence of health benefits from trials are encouraging and there have been significant QOL increases shown in DBS patients it is crucial that economic evidence complement these data so as to show the true economic impact of the technique. Key to the estimation of cost-effectiveness in the area of DBS however are the importance of unbiased long-term costs and benefit data such that the high “up front” costs of DBS are accounted for but also included are any longer term resource use implications such as IPG replacement, adverse events, and impacts upon medication use. In addition to this are the methodological challenges involved in the valuation of a broader set of benefits than have been previously accounted for. It is the belief that for many DBS applications the estimation of such broad benefits alongside long-term cost data may be the key to revealing the true economic potential of this technology.
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Deep brain stimulation (DBS) is optimistically portrayed in contemporary media. This already happened with psychosurgery during the first half of the twentieth century. The tendency of popular media to hype the benefits of DBS therapies, without equally highlighting risks, fosters public expectations also due to the lack of ethical analysis in the scientific literature. Media are not expected (and often not prepared) to raise the ethical issues which remain unaddressed by the scientific community. To obtain a more objective portrayal of DBS in the media, a deeper collaboration between the science community and journalists, and particularly specialized ones, must be promoted. Access to databases and articles, directly or through science media centers, has also been proven effective in increasing the quality of reporting. This article has three main objectives. Firstly, to explore the past media coverage of leukotomy, and to examine its widespread acceptance and the neglect of ethical issues in its depiction. Secondly, to describe how current enthusiastic coverage of DBS causes excessive optimism and neglect of ethical issues in patients. Thirdly, to discuss communication models and strategies to enhance media and science responsibility.
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INTRODUCTION

As a treatment for psychiatric disorders, neurosurgical interventions, such as prefrontal leukotomy, were performed in the mid-twentieth century on many tens of thousands of patients (Gostin, 1980, 1982; Mashour et al., 2005). This therapeutic approach, later called “psychosurgery,” was hailed by the media enthusiastically, despite a lack of scientific evidence of its effectiveness and without an evaluation of the ethical issues involved. Medical research is propelled, in part, by public needs and sometimes by public expectation. Researchers have an interest in promoting their research also in the popular press, and this can stimulate public interest in new therapies without adequate information. This is particularly troubling in the case of the new neuromedical discoveries with deep ethical implications.

The current experimental expansion of deep brain stimulation (DBS) applications, from the control of motor disorders to psychiatric conditions (Bell et al., 2009; Clausen, 2010; Schlaepfer and Fins, 2010) raises the legitimate worry that DBS treatments might also gain popularity in the media before a full evaluation of issues related to ethics and effectiveness is undertaken. This worry can, in part, be motivated by three factors. First, although distinct from classic psychosurgery (Synofzik and Schlaepfer, 2008; Schlaepfer et al., 2010), DBS is an invasive treatment that can generate several postoperative complications and side effects, such as cognitive, behavioral, psychiatric, and psychosocial impairments (Clausen, 2010). Second, the ethical discourse is often ignored in the scientific literature (Bell et al., 2010), which is characterized by a selection bias favoring the publication of positive results (Schlaepfer and Fins, 2010). Finally, DBS in psychiatry raises additional ethical questions because its mechanism of action is not yet clear, even for movement disorders (Benabid et al., 2005; Kringelbach et al., 2007), the hypotheses being either synaptic inhibition or depolarization blockade (Dostrovsky et al., 2000; Perlmutter et al., 2002; Vitek, 2002).

In the first section this paper examines media coverage of surgical brain therapies for psychiatric disorders, in particular prefrontal leukotomy. In the second section, it explores current, enthusiastic media portrayals of DBS, and how these might encourage a false assumption that all ethical issues have been fully discussed. In the third section, it addresses the primary sources of DBS information used by science journalists and the roles of scientific experts, peer-reviewed journals and the media in evaluating and shaping ethical issues raised by the development and expansion of DBS. In particular it suggests embracing a novel strategy to produce ethical consensus about controversial issues such as DBS.

LESSONS FROM THE PAST

Deep brain stimulation is not the first surgical treatment for psychiatric disorders to be depicted in the popular media. Between 1935 and 1960, in Europe and the United States, prefrontal leukotomy (widely called “lobotomy” in journalistic accounts) was accepted uncritically by a large part of the scientific community. Consequently it was presented by the media as a “miracle cure” for disruptive behaviors. In 1949, the Nobel Prize for Physiology or Medicine was awarded to the Portuguese neurologist Egas Moniz, “for his discovery of the therapeutic value of leukotomy in certain psychoses” (Nobel Foundation, 1949). This prestigious prize demonstrated the wide acceptance by the scientific community at the time, and most probably encouraged the public to see prefrontal leukotomy as a safe procedure.

In their paper on the portrayal of lobotomy in the American popular press, Diefenbach et al. (1999) concluded that the acceptance of lobotomy benefited from optimistic media coverage, especially in the 1930s and 1940s. It was proposed that unbalanced popular press coverage was an important factor in stimulating interest in lobotomy: “It was generally known that many patients were referred […] as a result of all the publicity” wrote Valenstein (1986) in his history of psychosurgery. Walter Freeman, an American physician who had strong relationships with journalists from widely read newspapers and magazines, played an important role in advertising the procedure (El-Hai, 2005). Diefenbach et al. (1999) described how competition between media professional to break dramatic stories combined with fame-seeking by representatives of the medical community (or with research interests in some fields) created a relationship which served both the media and the physicians, but not necessarily the public interest.

In a study on psychosurgery in Sweden between 1944 and 1958, Ogren noted that pioneering early experiments of prefrontal lobotomy, performed by neurosurgeons in collaboration with psychiatrists in Stockholm in 1944, were followed by a rapid implementation of the new surgical approach (Ogren et al., 2000). In 1946 and 1947, the two state mental hospitals, Umedalen and Sidsjön, introduced prefrontal lobotomy on a large scale. Prefrontal lobotomy was characterized, in certain city hospitals, by an initially high rate of postoperative mortality that reached more than 15%. Nonetheless, in a comparative media study Ogren found that most of the articles on lobotomy in the Swedish and American media were positive or neutral toward psychosurgery, whilst negative articles were less frequent. Neutral articles were more common in Swedish media (43%) whilst less common in American media (19%). Articles that were highly negative toward lobotomy were more often found in the American press (32%) than in the Swedish (14%). This difference was due to the lack, in the Swedish society of the time, of a small but strong opposition to this procedure that was present in the American scientific community. There was also a tradition of investigative journalism that pushed some American writers to examine patients’ postoperative outcomes (Ogren, 2007).

More balanced reports started to appear in American press in 1945, in parallel with the appearance of scientific studies that quantified dramatic side effects associated with the therapy. Following this more balanced reporting, the use of the procedure declined. This was also, in part, due to the introduction of chlorpromazine, the first drug for mental illness, which raised new hopes for psychiatric patients (Pressman, 1998).

Low-income patients with low-educational attainment were the first victims of media enthusiasm for lobotomy (Valenstein, 1986). Part of the explanation was the higher burden of psychiatric illness for patients and families in a poor social environment.

It is important to recognize that contemporary public perceptions of the efficacy of DBS in psychiatric disorders may parallel earlier enthusiasm for surgical interventions in psychiatry, since the media had already made a connection between psychosurgeries and DBS (Fins, 2003).

OVERLY OPTIMISTIC MEDIA PORTRAYAL AND NEGLECT OF ETHICS

Past and present DBS media reports, without or with only a passing attention to ethics, offer fertile ground for hype in both scientific journals and the popular press. For example, following the publication of “Memory Enhancement Induced by Hypothalamic/Fornix Deep Brain Stimulation” (Hamani et al., 2008), there was a wave of positive reporting concerning the use of DBS for memory enhancement, with a particular focus on Alzheimer’s patients, without scrutiny of either the vulnerable nature of these patients or the merely accidental or serendipitous nature of this discovery (initially the study was conducted to treat severe obesity). For instance, the scientifically respected and influential Nature announced the findings in an optimistic news article entitled “Brain electrodes can improve learning” (Abbott, 2008) and suggested the possible application for people with Alzheimer’s disease without any concern for the ethics related to this population of patients. This enthusiastic media shock wave was instantly replicated on an international scale. Indeed, BBC News popularized the same results by publishing an article positively entitled “Deep stimulation ‘boosts memory’” (Coombes, 2008), while articles appeared in The Telegraph and The Independent titled respectively “Discovery could make Alzheimer’s a memory” (Clout, 2008) and “Scientists discover way to reverse loss of memory” (Laurence, 2008). None of these articles discussed or mentioned the opportunity of using DBS for memory enhancement in a vulnerable population such as Alzheimer’s patients, although they all referred to this neurodegenerative disorder as a pathology potentially treatable with DBS.

By praising medical and scientific innovation without paying attention to ethical issues, the media risk to turn ethical neglect into de facto ethical approval, thereby promoting public acceptance of DBS. Other important questions raised by DBS applications (i.e., criteria for the selection of patients, acute, and chronic side effects, DBS use in pediatrics, benefits to patients, and quality of life) are absent in popular media, also due to the fact that they are not properly discussed in scientific literature (Clausen, 2010; Racine et al., 2010).

Regrettably, this type of optimistic coverage of DBS is not only limited to mass media. As Schlaepfer and Fins (2010) report, several DBS single-case studies have been published which highlight the secondary effects of research (such as memory enhancement) even when the primary goals (such as treating obesity) have not been achieved; as was the case in the Hamani et al. (2008) paper, referred to earlier. Even if selective publishing bias is not unique to research on DBS (Chien, 2004; Nature Neurosci, 2004; Lau et al., 2008; Schlaepfer and Fins, 2010), by focusing on the positive outcomes of DBS, both the scientific literature and the popular media neglect common ethical issues (risk–benefit ratio, informed consent, inclusion–exclusion, side effects, patient’s autonomy, etc.).

In a seminal study, Racine et al. (2007) reviewed 235 articles on neurostimulation techniques in the print news media in the U.K. and the U.S. They reported that 51% were optimistic depictions, whilst only 4% emphasized the risks. Among the articles reviewed, 29% contained a “personal twist,” including first person narratives and descriptions of “miracle stories of patients cured of Parkinson’s disease, dystonia, and Tourette’s syndrome” (Racine et al., 2010). Diem et al. (1996) and Schneiderman (2005) have pointed out that patients educate themselves and build their hopes from uncritical sources, such as television and the internet. In that sense, the media have an influential place in patient education, comprehension, and understanding of health issues.

From the point of view of the lay reader or potential psychiatric patient who goes through an informed consent process, the use of an easily optimistic depiction – both in the medical literature and in the popular media – can be far more influential than some of the austere and subtle explanations found in specialized ethics journals. Bell et al. (2009), in an insightful study using healthcare providers, report that enthusiastic media portrayals of DBS influence patients’ hopes and expectations. They concluded that healthcare providers view media portrayals of DBS as “playing a key role in establishing expectations for DBS patients and for the public in general.” Media portrayals of DBS can lead to a false assumption that ethical issues have been discussed which affects patients’ expectations.

Ford (2009) suggests that overly optimistic reports about new neurosurgical innovations generate an “educational vulnerability” for patients. He affirms that very often when patients consider neurosurgical techniques they have already been preconditioned by overly optimistic portrayals of novel brain interventions, and this compromises informed consent. This is similar to what Bell et al. (2009) report in their study of healthcare provider perspectives.

Even if DBS is both scientifically valid and reasonably safe, patients’ lack of appreciation of the risks and the potential consequences of the procedure raises significant ethical challenges. Moreover, whilst potential DBS patients may be legally competent, they may not be able to make meaningfully autonomous decisions regarding their participation in any proposed DBS treatment. This is not only because of the burden of their own illness, but also a consequence of the impression created by enthusiastic media accounts often coupled with the non-neutral attitude of the surgeon. Given the lack of common official ethical guidelines for patient selection in DBS trials amongst countries, it is difficult to prevent unethical applications of this technique on competent but fragile subjects.

Informed consent is an important mechanism for respecting patient autonomy, but in order to reach this ambitious goal, the effect of exposure to unbalanced media reports must also be considered. DBS providers have the responsibility of designing a process for obtaining a fully informed consent, while avoiding the exploitation of unrealistic hopes. Addressing the lack of awareness of the ethical and social challenges of DBS is a duty and a responsibility not only of the popular media. Most of the neurosurgical literature focuses mainly on technical details and only superficially addresses fundamental questions about patient selection and inclusion criteria, informed consent and resource allocation.

ETHICAL DEBATE AND MEDIA CONSTRAINTS

When analyzing media coverage of DBS, it is important to examine the process of selection of what becomes “news,” and evaluate the primary sources of information on this topic: peer-reviewed publications and experts. This is confirmed by a study by Racine et al. (2010) which reports that 42% of the quotations about DBS published in articles in the popular press come from a scientist with a public sector affiliation and 14% come from physicians and other healthcare providers.

The role of science journalism, especially in covering ethical topics, has been discussed in depth in recent years. In a recent Nature editorial “Science Journalism, too close for comfort,” Boyce Rensberger, past director of the Knight Science Journalism Fellowship program at the Massachusetts Institute of Technology, argued that science journalists need to stay as close as possible to the researchers producing science, but still need to keep a healthy distance. Tracing a brief history of the evolution of science journalism in the Internet era – from the role of “cheerleaders” of scientists to the role of “watchdog” – he affirms that: “If science journalists are to regain relevance to society […] they must learn enough science to analyze and interpret the findings – including the motives of the funders. And, as if that were not enough, they must also anticipate the social impacts of potential new technologies while there is still time to make a difference” (Rensberger, 2009).

Anticipating the social impacts of promising new DBS therapies obviously requires a discussion about ethics. Such discussion is just starting in the scientific community, and with some reluctance: “Neuroscientists have reasons for their reluctance to wade into ethics. The questions raised are likely to be open-ended, and their arrival in the world outside the laboratory may be some way off” stated a Nature 
Editorial (2006) entitled “Neuroethics Needed,” which focused in particular on functional MRI. Now, how can science journalists identify and discuss, in a meaningful and satisfactory way, the ethical issues raised by a new DBS therapy when even the experts in the field and the scientific literature tend not to discuss them?

The answer is not easy, and lies at least in part in the search for new ways of cooperation, particularly between the scientific community and the media, which face these kinds of difficulties, not only when dealing with DBS and neuroscience, but throughout the whole spectrum of issues related to research and health. A recent statement published under the auspices of the International Society of Pharmacovigilance, for instance, highlighted the importance of such an approach: “New ways to cooperate with the media as professional equals must be explored to help the provision of balanced, comprehensible, trustworthy, and interesting safety information to the public on a regular basis, apart from specific announcements or reports of problems or crises” (Erice Statement, 2010).

Media are expected to play an informative and argumentative role – in particular, to conduct wide debate of social issues regarding DBS. In the current over-optimistic portrayal, media typically do not question the assumptions under which the medical literature reports DBS results. Ethics may be difficult to implement when dominant scientific news is based on DBS efficacy rather that safety. In addition, promises of a cure – with or without exaggeration, are useful to attract public attention in a news world in which every article needs to compete in order to be noticed. The issue, well known inside the journalistic profession, is reflected in a recent headline in the British Medical Journal: “Health Journalism: two clicks away from Britney Spears?” (Coombes, 2009).

Although a variety of critiques have been leveled at mass media portrayals of DBS (Racine et al., 2007; Ford, 2009), it is very difficult to create a context in which such portrayals can be questioned by all parties – the media, science experts, and the public. Several experts in neuroethics have stressed the importance of a novel approach, capable of moving from the current widespread top-down approach – from the scientists to the general public through the “translation” by the media – to a multidirectional model of discussion that encourages open dialog and the mutual enrichment of all parties. In particular, Racine et al. (2009) argue that: “Such a scheme recognizes both that science is part of culture and that societies are increasingly multicultural. The distinction between expert and lay conceptions becomes a continuum, in which each interacts with the other. Given calls for increased public dialog, sustained relationships with the media and growing interdisciplinary dialog with colleagues in the humanities and social science are also needed. This scheme will also enable public advocacy for neuroscience […] and will firmly situate science communication within a robust framework.”

Public deliberation has already been used in several contexts related to health and ethics. It was adopted, for instance, to explore public concerns and desires about the development of biobanks (O’Doherty and Burgess, 2009) and the adoption of new health technologies (Milewa, 2006). Applying this logic to the communication of neuroscience research, Illes et al. (2010) focus on the need for scientists to listen to the public and the public’s interest in learning about science, in order to promote an approach capable of reflecting “the values of trust, reciprocity and transparency by engaging non-experts and acknowledging that they have a right to be involved in the conduct of science.” Illes et al. (2010) note, however, that this “calls for enhanced training of neuroscientists and a willingness to engage in less conventional approaches. Empirical research throughout the process of public engagement is an integral part of this training.”

DISCUSSION

By presenting exclusively positive data, the media tend to describe and explain DBS outcomes without reference to ethical debates. Despite the immature state of DBS as a treatment for psychiatric conditions, patients rely on information about DBS from media portrayals. This may encourage the use of DBS as a treatment for more and more psychiatric conditions in which there are good theoretical grounds justifying the surgery but the evidence is still weak and preliminary. The ethical issues related to DBS are usually debated by scientists and experts only after specific concerns have been raised, as it happened in Canada after the discovery of the potential effects of DBS on memory (Hamani et al., 2008). What was presented as a possible treatment that could be offered to all patients has become the subject of a study by Laxton et al. (2010) on six Alzheimer’s patients which in phase 1 proved the safety of the procedure and is currently evaluating its long-term efficacy.

Unbalanced media reports can convey to the general public, and to potential patients, the idea that DBS represents a default option for the treatment of all refractory psychiatric diseases. As noted in the first section, this happened in the past with other surgical treatments for behavioral disorders that have a heavy social impact. In the absence of public debate on the complex ethical aspects of the widespread use of DBS, enthusiastic media accounts might result in an unjustified promotion of these therapies (Schlaepfer and Fins, 2010). The need for more responsible reporting, both from popular media and from neuroscientists and neurosurgeons, calls not only for better research on this topic but also for the promotion of initiatives favoring a multidirectional model of discussion among all parties – science experts, the public and the media. This amounts to a “cultural” shift that openly acknowledges and rewards public outreach, whilst supporting the development of neuroscience communication experts, as well as empirical research into neuroscience communication (Racine et al., 2010).

In an environment in which the media are not expected (and often not prepared) to raise the ethical issues which remain unaddressed by the scientific community, the challenge is to rethink and reinvent communication strategies to improve the role of the media. This improved role requires the members of the press to act as watchdogs of science and to highlight the gap often existing between the goals of science and the needs of society. This goal could be achieved by promoting continuing education and training within the journalistic profession, with the help of the scientific community, which should start considering journalists as “professional equals” (Erice Statement, 2010). In order to achieve more effective communication by researchers, and to help journalists in their background research on ethical issues related to science, a number of approaches have proved effective. These include: free access for journalists to medical literature databases and official sources of information, peer review within the profession and science media centers designed to put scientists in touch with journalists in a context promoting cooperation and reciprocal trust (Schwitzer, 2008; Editorial Lancet, 2009; Kirby, 2011).

In a case-study published on Science Communication, Smith et al. (2010) evaluate the impact that a cancer media center had on the quality of cancer news in the United States. They conclude that in order to spread the use of good preventive practices, providing the community of journalists and the general audience with good informative materials about cancer prevention is not enough, and has to be coupled with the search for a “clear articulation of shared goals.”

The search for an alliance between all the stakeholders characterizes the experience of the British Science Media Centre (SMC). According to its director Fox (2009), combining the provision of good information materials with the organization of regular meetings and debates between the media and the science community improved the quality of reporting, especially on issues related to ethics. This goal was achieved by putting a great effort in helping specialized reporters: “[…] The support we give to specialist correspondents has undoubtedly helped to strengthen their hand by ensuring that they get the best science stories in advance of non-specialists in the newsroom. The SMC has continued to champion specialist reporters both within the scientific community and in all our dealings with news editors. It is our strong view that they are the best allies of science in the media […]” (p. 125).

The role of the media is crucial if a society wants to involve citizens in relevant decisions about their health. The partnership between science, research, and the media is needed if crucial health issues such as those related to the use of DBS are to be put on the public agenda appropriately. The public and furthermore the patients, need clear and accurate information. Until now, the provision of such clear and accurate information was mostly the responsibility of reporters and editors. The time has come for scientific publishers, scientists and health care workers to contribute to this difficult task, especially in issues, like DBS, that have important ethical and social implications.
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Deep brain stimulation (DBS) is currently used to treat neurological disorders like Parkinson’s disease, essential tremor, and dystonia, and is explored as an experimental treatment for psychiatric disorders like major depression and obsessive compulsive disorder. This mini review discusses ethical issues in DBS treatment and research, as they have been discussed in the medical and ethical literature. With regard to DBS treatment, the most important issues are balancing risks and benefits and ensuring respect for the autonomous wish of the patient. This implies special attention to patient selection, psycho-social impact of treatment, effects on personal identity, and treatment of children. Moreover, it implies a careful informed consent process in which unrealistic expectations of patients and their families are addressed and in which special attention is given to competence. In the context of research, the fundamental ethical challenge is to promote high-quality scientific research in the interest of future patients, while at the same time safeguarding the rights and interests of vulnerable research subjects. Several guidelines have been proposed to ensure this. One of the preconditions to further development of responsible and transparent research practices is the establishment of a comprehensive registry.
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INTRODUCTION

Deep brain stimulation (DBS) is currently used to treat neurological disorders like Parkinson’s disease (PD), essential tremor and dystonia, and is explored as an experimental treatment for psychiatric disorders like major depression (MD) and obsessive compulsive disorder (OCD).

Since DBS involves brain surgery and modulation of brain-states, it may invoke reminiscences of unethical neurosurgical practices from the past. For instance, it may remind one of the lobotomies performed by Moniz and Freeman or of the Tulane electrical stimulation program by Heath. Images from works of popular fiction, such as One Flew Over the Cuckoo’s Nest or The Manchurian Candidate, in which interventions in the brain are used to manipulate or otherwise abuse people, may also come to mind. Such images may influence the public perception of DBS and related ethical issues. There are, however, clear differences between past forms of neurosurgery and current DBS, which make the comparison go awry. Most importantly, operation techniques such as MRI-guided stereotactic surgery have improved and the intervention is therefore much safer. Moreover, the effects of DBS are mostly reversible – the stimulation can be turned off if it is not effective or causes too many adverse effects. Unlike some of the controversial neurosurgical interventions in the past, DBS is performed only in otherwise treatment-resistant patients, and only with informed consent from the patient (Synofzik and Schlaepfer, 2008).

Still, DBS raises some important ethical issues, both in the context of treatment and in that of research. These issues have been discussed in the medical as well as bioethical community, and researchers from both fields have often collaborated in identifying and discussing ethical issues. This contribution will give an overview of these discussions, based on a review of the relevant medical and ethical literature.

ETHICAL ISSUES IN TREATMENT OF NEUROLOGICAL DISORDERS

An ethical assessment of DBS treatment can depart from – and be structured by – the four basic principles of medical ethics: non-maleficence, beneficence, justice and respect for autonomy, and the additional principles of subsidiarity and proportionality (Table 1).

Table 1. Deep brain stimulation and the basic principles of medical ethics.
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BALANCING BENEFICENCE AND NON-MALEFICENCE

The first important ethical question is whether DBS is beneficial and does not harm the patient. In other words: are the expected risks and side-effects proportional to the expected benefits? This must be assessed both at a group-level and at the level of individual patients. At the group-level, this means that the available evidence regarding effectiveness, risks, and side effects of DBS for various conditions, in various target areas, and for various patient-populations must be assessed.

For disorders like PD, dystonia, and essential tremor DBS has been proven to be effective.

The risks and complications associated with DBS surgery include hemorrhage (1.3–4%), infection (2.8–6.1%), lead migration, misplacement or breakage (5.1%), and even death (0.4%; Clausen, 2010). Side effects depend partly on the stimulation target and include effects on cognition, behavior and psyche, including speech disturbances (10.8–33%), memory impairment (1.1–20%), aggression (2%), (hypo)mania (2–28%), hypersexuality (0.8%), depression (1.5–25%), and increased suicide risk (Clausen, 2010). The principle of subsidiarity implies that DBS should only be used when other less risky or burdensome treatment options have been exhausted.

PATIENT SELECTION

In order to secure a favorable risk–benefit ratio for individual patients, careful patient selection is necessary. Patients need to stand a good chance to benefit from the procedure, have severe functional impairments and be refractory to other, less invasive or less burdensome, treatments. Also, candidates should be physically, cognitively, and emotionally capable of tolerating surgery and participating in postoperative care (Bell et al., 2009). This is best assessed in a multidisciplinary team (Kubu and Ford, 2007). Progress in DBS research may provide new insights that justify an expansion of indications for DBS. For example, it may prove to be beneficial for PD patients to start DBS treatment earlier in the disease process, because this may have a neuroprotective effect, or because it may prevent psycho-social problems related to advanced PD. In essential tremor, on the other hand, earlier intervention may not be beneficial because tolerance may develop.

GOOD CARE

With regard to the side effects of DBS it is increasingly recognized that these include not only physical or psychiatric symptoms. The psycho-social impact of the DBS treatment and the effects on overall quality of life should be included as well. Several studies have found that sometimes “the doctor is happy, the patient less so” (Agid et al., 2006), and DBS has been described as “a unique form of biographical disruption” (Gisquet, 2008). It was found that quality of life on aspects such as emotional well-being, social support, and interpersonal relationships may actually decrease after surgery, even when physical symptoms improve. These findings may be partly due to unrealistic expectations of patient. This emphasizes the need for good pre-operation counseling and the provision of clear and honest information in the informed consent process. Moreover, these findings point to the unsettling effects of successful treatment. Paradoxically, regained functioning may upset established social and relational patterns. Many patients have difficulties with psycho-social adjustment after surgery, especially with regard to their marital relationships, self-perception, and work. After surgery, a period of adaptation is necessary for both patients and their families. This requires professional psycho-social preparation and follow-up support (Schüpbach et al., 2006).

CHANGES IN PERSONAL IDENTITY – A SPECIAL KIND OF SIDE EFFECT?

A special and frequently mentioned concern regarding the side effects of DBS is that changes in behavior, mood, or cognition caused by DBS might result in changes in “personal identity.” The ethical discussion on this point is complicated by the lack of clear and undisputed definitions of central concepts such as personality, self, identity, and authenticity (Merkel et al., 2007). A useful distinction can be made between numerical identity and narrative identity (Schermer, 2009a; Schechtman, 2010). The first refers to continuity of the same person over time, defined by bodily criteria (like DNA), or psychological criteria such as (autobiographical) memory or a set of core-characteristics. A change in numerical identity would mean that someone literally became someone else. If DBS would cause changes in mood, cognition, or behavior that would affect numerical identity (e.g., by completely wiping out or changing biographical memory), they would indeed be problematic since they would put people out of existence and create new people. This is not the case, however.

The relevant notion of personal identity is therefore narrative identity, which involves the person’s self-conception, his biography, values, and roles as well as his psychological characteristics and style. It is the answer to the question “who am I?” A person’s personality, defined by the DSM as “the enduring patterns of perceiving, relating to, and thinking about the environment and oneself that are exhibited in a wide range of social and personal contexts,” is thus part of his narrative identity. Mood, cognitions and behavior are also part of one’s personal narrative.

Changes in narrative personal identity are not necessarily ethically problematic in themselves – that is, apart from possible harmful consequences for others. People always change in many respects throughout their lives; personal identities are not static but develop over time. Disorders such as PD or dystonia can have a profound impact on the development of a person’s identity, as can their (successful) treatment. Some of the changes that DBS can bring about in personality, cognition, behavior, or mood may actually be sought by the patient and be the goal of treatment, for example mood improvement in depression, or tic-reduction in Tourette’s syndrome. Other changes may not be intended but can still be welcomed by the patient, for example an elevated mood or increased libido. The same changes can, however, be evaluated differently by different patients. The relevant ethical point is therefore whether or not the patient himself perceives the changes in his personality, mood, behavior, or cognition brought about by DBS as disruptive of his personal narrative identity (Schermer, 2009a; Synofzik and Schlaepfer, 2008). Moreover, the acute, rapid changes that DBS can bring about, can disrupt the normal, “narrative flow of life” and it may take time and effort of the patient to pick up and continue his life story (Schechtman, 2010). This may well account for the adjustment problems discussed above. Finally, if changes in personality and behavior negatively affect others, this may raise the problem of responsibility (see Schermer, 2009b).

JUSTICE

Little has been written on the issue of justice with regard to DBS treatment. DBS is an expensive form of treatment, although it has been argued that DBS may turn out to be cost effective in the longer run as compared to alternative treatment options (Bell et al., 2009). In the face of scarcity of resources, it may be necessary to prioritize between (groups of) patients. From a perspective of justice, ideally, priority should be given to those who are most seriously impaired and who will benefit the most from the intervention. Priority setting becomes more difficult when “chance to benefit” and “seriousness of impairment” do not go together. Anyway, one should be careful not to exclude patients who might benefit from the procedure on grounds not related to expected benefit, for example because of their age.

AUTONOMY AND CONSENT

Patients undergoing DBS must give their voluntary and fully informed consent to this procedure, just like for any other medical intervention. In practice this may be problematic for a number of reasons. First, some patients may be desperate because of their hopeless situation, suffering as they are from a serious, progressive, and treatment-refractory disease. They may feel they have no other option but to consent to the proposed treatment. However, this is not a unique situation for DBS and the fact that there are no other treatment options left does not imply that consent is not voluntary. Second, patients’ hopes and expectations of DBS may have been raised to unrealistic levels by enthusiastic media reports (Bell et al., 2010). Balanced and realistic information is therefore needed, not only regarding risks and side effects of the procedure but also regarding the expected benefits and the limitations of this treatment. It must be clear to patients, for example, that DBS will not cure their PD and will not stop its progression.

Another important consideration is the patient’s competence to consent to treatment. Competence can be challenged by the primary neurological disorder, or by co-morbidity like cognitive impairments or depression. It can however also be affected by DBS itself (Glannon, 2009).

Deep brain stimulation can, for example, induce a (hypo)manic state in patients and there are case reports of such patients who subsequently refuse adaptation of the stimulator settings because they are not aware of their disturbed mental state. These patients may harm themselves or others, for example by excessive gambling or reckless driving. Here, assessment of competence to decide is crucial to determine whether or not the treatment team may change the settings or discontinue treatment without the patient’s consent. If an incompetent patient inflicts severe harm on himself or others, it is ethically justified to intervene, under conditions of proportionality and subsidiarity. Because the effects of DBS are reversible, adjustment of settings or discontinuation of stimulation can restore the patient’s competence. In this way, the patient can be enabled to make his own autonomous decisions considering the further course of action. Fortunately, dramatic dilemma-situation as in the case report by Leentjens et al. (2004) – where a PD patient had to choose between being either completely bed-ridden but competent, or physically improved but manic – seem to be rare.

SPECIAL GROUPS: CHILDREN

Deep brain stimulation treatment in children or adolescents, e.g., for dystonias or tic disorders, warrants extra ethical attention. First, because children are incompetent to decide for themselves about risks and benefits and are therefore more vulnerable to abuse. While this is no reason to exclude them from beneficial treatment – parents can act as representatives and make decisions in the best interest of their child – it necessitates an extra careful assessment of the risk–benefit ratio. Second, research on DBS in children is scarce. Only 35 children have been treated for dystonia and so there is little evidence regarding benefits and risks in children especially regarding long term effects on the developing brain (Lipsman et al., 2010). DBS treatment for neurological disorders in children should therefore be regarded as experimental and should only be performed by highly specialized teams and within well-designed and independently reviewed research protocols.

A special case that generates significant controversy concerns DBS treatment for treatment-refractory Tourette’s syndrome. Because the majority of Tourette’s patients have meaningful clinical improvement in adolescence or early adulthood, it is very questionable whether the immediate benefits that DBS may give these children in the short term, will eventually outweigh the risks in the longer run. Moreover, evidence of effectiveness of DBS is very limited, even in adult Tourette’s patients (Sassi et al., 2010). A consensus seems to be developing that only in extreme cases where tics cause spinal cord injury or myelopathy DBS may be considered as last-resort treatment in children (Lipsman et al., 2010).

ETHICAL ISSUES IN INVESTIGATIONAL TREATMENT FOR PSYCHIATRIC DISORDERS

Many new indications for DBS are currently investigated, among which many psychiatric disorders such as MD, OCD, and addiction. For clinical research involving human subjects the fundamental ethical challenge is to promote high-quality scientific research in the interest of (future) patients, while at the same time safeguarding the rights and interests of vulnerable research subjects. In the United States and Europe, national and international regulations apply to scientific research with human subjects and Institutional Review Boards (IRBs) or local ethics committees oversee their observance. With regard to DBS research in psychiatric disorders a number of ethical requirements have been specified and guidelines have been proposed by experts from the field (Nuttin et al., 2002; Kuhn et al., 2009; Rabins et al., 2009). The ethical principles underlying these guidelines are respect for autonomy and protection of research subjects, benefit for future patients, quality of research, and transparency (Table 2).

Table 2. Ethical guidelines for DBS research (based on: Nuttin et al., 2002; Kuhn et al., 2009; Rabins et al., 2009; Clausen, 2010; Schlaepfer and Fins, 2010).
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RESEARCH ETHICS GUIDELINES

Important and generally agreed upon recommendations are that research with DBS for psychiatric disorders should only be performed in expert centers, with experienced multidisciplinary teams. An IRB should review the research protocol and monitor the research-process. The research goals should include finding the appropriate anatomic sites and stimulation parameter, and comparing safety and efficacy of DBS with established treatments. Patient selection should be conducted carefully, and only severely afflicted and otherwise treatment-refractory patient should be included. Informed consent should be obtained, making sure the patient is competent and has realistic expectations and is not drive by sheer desperation and unrealistic hopes. According to Rabins et al. (2009) only adults and no children should be included. In general, experimental treatment should only be performed within the context of an established, duly constituted and independently reviewed research protocol. This will protect research subjects, as well as ensure that the experimental treatment will add to our scientific understanding of DBS and thus be potentially beneficial to future patients. Because of the importance of creating a sound evidence base and in order to prevent publication bias the creation of an independent registry has been proposed, both for trials and single-case studies (Rabins et al., 2009; Schlaepfer and Fins, 2010).

Long term follow up by a multidisciplinary team is ethically required both to ensure the well-being of the research subjects as for the benefit of future patients. This follow up should include safety and efficacy but also quality of life and psycho-social effects; follow up should also take into account information provided by a person close to the patient (Kuhn et al., 2009).

CONFLICTS OF INTEREST STATEMENT

One ethical issue that has great salience in DBS research concerns the role of the industry. As Fins and Schiff(2010: 125) state: “clinical research in DBS presents a unique nexus of science and commerce in which market forces influence the contours of discovery, a small cadre of investigators is dependent upon an even smaller number of manufacturers for its tools of inquiry, and conflicts of interest complicate research.” Although companies may sincerely take the interests of patients at heart they also have a – legitimate – interest in making a profit. These two interests do not always coincide and the commercial motive may hamper free and innovative research, especially when researchers also have conflicting roles (e.g., both company-advisor and principal investigator). Disclosure of potential conflict of interest is important, but insufficient, since it does not resolve the underlying conflict of interest itself. This issue has been underexposed in the ethical discussion up till now but warrants serious attention from researchers, companies, and regulators.

DISCUSSION

Deep brain stimulation is an established treatment in neurology and is emerging as experimental treatment in the field of psychiatry. Over the past years, bioethicists and philosophers have been working in close cooperation with clinicians and researchers to identify and discuss the most important ethical issues in both clinical practice and research. There is a growing corpus of literature available that addresses these issues. The most pressing issues to be explored in further bioethical research are the psycho-social and identity-effects of DBS, its use in children, and the further development of responsible and transparent research practices.
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The story of psychosurgery is one of great visions, groundbreaking ideas, and heroic acts; similarly it is a story of a great rise, a deep fall, and a cautious resurrection. For a long time, psychosurgery mainly had an experimental character and was dominated by anecdotal reports. In the aftermath of Fulton and Jabobsen’s presentation of their results of a series of neurosurgical experiments performed with primates (Kopell and Rezai, 2003) during the International Neurological Congress in London in 1935, a considerable amount of ethically as well as scientifically doubtful surgical interventions were carried out in humans, occasionally even by medically uneducated personnel (Feldman and Goodrich, 2001). In this context one might paradigmatically mention prefrontal lobotomies, which virtually were advertised as magic bullet for all sorts of psychiatric diseases mainly in the 1940s and 1950s (Feldman et al., 2001; Kopell and Rezai, 2003; Mashour et al., 2005). Issues of informed consent frequently were neglected (Feldman and Goodrich, 2001; Pippard, 2001; Huys et al., 2010), critical side effects of the operation were concealed in many cases (Feldman and Goodrich, 2001) and the procedure even was offered to patients considered as criminally insane in exchange for their freedom (Lowinger, 1987). It was not long after Egas Moniz shared the Nobel Prize for medicine “for his discovery of the therapeutic value of prefrontal leucotomies in certain psychoses” in 1949 (Anonymous, 1949) when the public opinion of psychosurgery changed and questionable practices were unmasked (Heller et al., 2006).

Prompted by growing public criticism, a lack of a sufficient theoretical foundation, the uncertainty of its therapeutic value and severe side effects, the Department of Health, Education, and Welfare (Public Health Service) released strict restrictions regarding the usage of leucotomy in 1978 (Department of Health, Education, and Welfare, 1978); back then, many other nations already had prohibited this technique. While in the aftermath of the approval of chlorpromazine as first medicament for the treatment of psychiatric diseases in 1954 psychopharmacological therapy progressively began to revolutionize the psychiatric world, surgical methods for the treatment of psychiatric diseases involving gross damage of brain tissue were abandoned. However, encouraged by former success with invasive methods and supported by a growing knowledge regarding neuroanatomy and neural circuits underlying psychiatric and neurological diseases, novel and innovative surgical techniques came up. By now the somewhat prestressed term “psychosurgery” gave way to the broader idea of “neuromodulation,” which summarizes not only invasive methods like deep brain stimulation (DBS) and vagus nerve stimulation, but also non-invasive techniques such as transcranial magnetic stimulation.

The ambivalent history of psychosurgery in mind, it is utterly comprehensible that even a reversible though (minimally) invasive technique like DBS reactivates ancient fears. Furthermore, with the observation of psychiatric side effects following DBS of the subthalamic nucleus in patients suffering from Parkinson’s disease in the late 1990s (Bejjani et al., 1999; Hariz et al., 2010; Kuhn et al., 2010) psychiatric diseases came in the focus of DBS. Particularly since this amelioration of possible indications of DBS, the to some extent disreputable inheritance of psychosurgery has been brought up frequently.

However, DBS has not only proven to be an effective tool for the therapy of movement disorders such as Parkinson’s disease, essential tremor, and dystonia, but it also has been successfully applied for the treatment of various psychiatric disorders such as obsessive-compulsion disorder (OCD), depression, Gilles-de-la-Tourette Syndrome, alcoholism, minimal conscious states, and Alzheimer’s dementia. (Freund et al., 2009; Kuhn et al., 2010; Laxton et al., 2010).

A considerable amount of ethical skepticism culminates in the question of whether and how patients suffering from occasionally debilitating psychiatric diseases are capable of giving fully and freely their informed consent to a partly experimental procedure like DBS; we use the term “experimental” with precaution, but it should be kept in mind that there still is a considerable need for further research especially on its long-term therapeutic value with respect to its usage in psychiatric disorders (Hall and Carter, 2011).

Particularly patients with Alzheimer’s disease may be limited in certain cognitive dimensions and this restriction could endanger their ability to completely understand all the implications connected with DBS. Beyond that, cognitive impairment is a common finding in patients with depression which could be linked to a dysfunction of the prefrontal cortex in interaction with subcortical regions (Clark et al., 2009); this dysfunction may result in deficits of attention, perception, concentration, and memory, hereby leading to a significant ambivalence of the patient. Moreover, patients suffering from substance abuse frequently are impaired with respect to tasks that involve highly goal-directed behavior; just recently it has been hypothesized that this deficit may be a result of a dysfunctional hypocretin system in the lateral thalamus (Boutrel et al., 2010). Due to this psychiatric condition, these patients might be constricted in their free decision making process.

Furthermore, many questions regarding DBS are still unanswered yet, for which reason it frequently is considered as a last resort when other therapeutic strategies could not be of substantial help. In this situation the desperate hope for ultimate relief may unduly affect a patient’s ability to give his or her consent (Glannon, 2010): this aspect exemplarily is emphasized by the fact that OCD patients have to suffer up to 8 h a day from typical symptoms of their disease to be accepted as possible candidates for DBS (Glannon, 2010). Additionally, the media’s perception of DBS and its therapeutic potential tend to be euphoric and occasionally too optimistic. Contrariwise, psychosurgery’s frightful history not infrequently is picked out as the central theme of novels and movies (cp. “One Flew Over the Cocoo’s Nest,” 1975 or “Shutter Island,” 2010), which might be a source of inadequate fright for patients and their family members.

We go along with Lang and Widner’s (2002) suggestion that “surgery should never be offered to a patient until … [a] realistic understanding is fully established.” Beauchamp and Childress (2001) and Berg et al. (2001) found that informed consent implies three basic requests: (1) all medically relevant information about diagnosis and prognosis of a patient’s disease, the therapy, its potential risks and alternative therapies must be disclosed. (2) The patient should have the mental capacity to understand his or her situation and the presented information. (3) The patient must not be coerced or compelled, but autonomously decides about a treatment on the basis of the information disclosed. Regarding what has been discussed above, a patient and his or her family members might be prejudiced and influenced in many ways considering DBS. In addition, due to the underlying psychiatric disease, the patient might lack the mental capacity to fully comprehend his or her condition. Considering all this, envisaging DBS bears the risk that a patient’s autonomy, i.e., his or her capacity to determine freely what action should be taken, if any, might be endangered. The concept of autonomy is closely connected to personal uniqueness (Breden and Vollmann, 2004) – so what if this uniqueness is affected by disease and possibly by prejudice as well? Even though this challenge is not unique to DBS or even to DBS in psychiatric diseases, the specific history of DBS, the complex connotations of a patient suffering from a psychiatric illness and potentially existing prejudice of the patient or his or her relatives, urgently call for detailed ethical examinations, highly skilled physicians, and more specific instruments for the assessment of a patient’s capacity.

The MacArthur Competence Assessment Tool-Treatment (MacCAT-T) currently is regarded as psychiatry’s gold standard for the determination of a patient’s decision making competence. However, it has been reasonably criticized: the underlying construct of “competence” evaluated by the MacCAT-T is dominated by cognitive criteria, whereas emotional and biographical factors and a patient’s values are ignored, although these dimensions might be of substantial importance during a decision making process (Breden and Vollmann, 2004). No alternative tool has been developed so far, so there is a high and urgent need for further endeavor in the design of proper assessment tools, which should include an extension of the cognition-based construct of competence proposed by the MacCAT-T.
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Deep brain stimulation (DBS) offers the potential to relieve some symptoms of movement disorders such as Parkinson’s disease and dystonia. Recently, the applications of DBS have been extended to treatment-resistant mental health problems such as depression (Rabins et al., 2009). The successful application of DBS requires stimulation settings to be individually adjusted and the process of finding optimal settings can be lengthy. But what exactly are optimal settings?

Consider a hypothetical case of Philip, a 34-year-old patient with a history of severe depression who undergoes a successful implantation of stimulation electrodes. Depending on the parameters of stimulation, Philip is not clinically depressed but his symptoms drop only to a sub-clinical level (setting 1), he reaches an average level of well-being (setting 2), becomes very cheerful and energetic and takes advantage of it, trying to, as he says, “make up for the lost time” (setting 3), feels even better but a frequent ecstatic state makes him appear to misjudge some situations and he seems to have an incomplete awareness that he may be doing so (setting 4), becomes manic to the extent that he is rendered legally incompetent to make treatment decisions (setting 5).

There have been attempts to construct the concepts of disability and disease as a deviation from normal or species-typical functioning (e.g., Sabin and Daniels, 1994). If health is understood as an absence of disease and the goal of a medical intervention is to promote health thus defined, a transition from a diseased state to either a sub-clinical (setting 1) or average state of well-being (setting 2) achieves the goal equally well. However, the “normality view” faces well-known problems and the treatment/enhancement distinction is itself problematic enough not to serve as a good normative guide (Harris, 2007; Synofzik, 2009). It is unlikely that medical professionals would be satisfied by merely bringing a patient to a sub-clinical state if there is a more effective (after accounting for side-effects) intervention available. And for good reason – at the heart of medical intervention is the concern for the patient’s well-being. The effectiveness of DBS for reducing the symptoms as assessed by clinical rating scales is admittedly important, but as Synofzik and Schlaepfer (2008) correctly point out, those improvements have to translate into the patient’s improved ability to pursue and achieve their personal goals – goals that are connected to the patient’s conception of a good life.

Some consider changes in personality to be among the risks of the DBS procedure (Glannon, 2009). This criticism is problematic even in the case of treatment for movement disorders, as not all side-effects are necessarily unwanted or undesirable, but becomes inapplicable when looking at treatment for neuropsychiatric conditions, since the goal of the intervention is exactly to change some cognitive and affective aspects of personality. Also, the aim of the treatment is not necessarily to rediscover the “real” patient hidden under the symptoms of a disorder. Rather, its aim is to improve patients’ quality of life, given their own idea of what that means. Consequently, legally competent patients are not obliged to live up to or agree with the ideas of authenticity or rationality held by their doctors.

Medical professionals may be hesitant to utilize their skills for what they see as enhancement, but this apparent presumption against enhancement seems to be unjustified. Although we may have good reasons to prioritize interventions that improve the lives of those with generally worse health, medical professionals justifiably also use their expertise for medical interventions that have little to do with restoring health. The obvious examples of socially valued enhancements provided by medical professionals are vaccinations (Harris, 2007) and contraception – the goal of the former is to enhance the immune system, while that of the latter is to disrupt the reproductive function, which in turn enhances people’s control over their lives. Medical professionals also perform interventions that are of no medical benefit to the subjects of the intervention (for example, blood donation or live organ donation). Thus, there is nothing in principle wrong with doctors using their expertise to provide an enhancing intervention other than treatment. The questions we should be asking instead are about appropriate consent procedures, issues of prioritization, some ethical quandaries arising from the application of DBS and the limits of legitimate power of the physician in the setting characterized by high power inequalities, exacerbated by the fact that a patient cannot simply go to a different health care provider.

Currently, the medical professional may say “we can provide you with the possibility of leading a good life, but not with what you think is necessary for a very good life.” However, the presumption should surely be to provide the benefit that the patient seeks, and so the burden of giving reasons against this course of action rests on those who would deny this potential benefit. Legitimate concerns such as those related to limited financial resources (which could be offset if the patient is willing to pay for extra services) or the time constraints of the limited number of DBS specialists have to be weighed against other good moral reasons to perform the enhancing procedure. Some of the variables in this moral calculus may be different in the case of enhancement for non-patients (for example, we have to add a costly and invasive surgical procedure and follow-up), but the principle is the same. Since DBS practitioners are most commonly also researchers and members of the scientific community, good reasons in favor of the procedure include, for example, the gains in scientific and medical knowledge about DBS and the brain. If DBS can bring benefit, there have to be really good reasons to deny it.

Although the use of DBS in non-clinical populations is not intrinsically unethical, this scenario seems, at least prima facie, to differ from the clinical uses of DBS in the predicted benefit to the subject and the acceptability of risks. Let us have a closer look. In relation to the use of psychopharmacological agents in non-therapeutic context, Synofzik (2009) proposed that the ethically justified decision of whether to provide and/or recommend a potentially enhancing agent should rest on the assessment of predicted risks and benefits and the respect for autonomy of the subject. His approach has the advantage of accounting not only for the moral weight of the predicted benefits of an intervention (especially when benefits outweigh the risks), but also for the fact that we often (and justifiably so) do what is not in our medical interest or otherwise narrowly construed self-interest in order to live according to our values – and for the importance of respecting choices of those with the capacity to make them, even if we find them surprising or difficult to explain.

Synofzik and Schlaepfer (2008) argued that although there is nothing in principle wrong with DBS for enhancement in non-clinical subjects, DBS is not ready for non-therapeutic application. They point out, for example, that there are no systematic studies of DBS effectiveness with non-clinical populations, making the evidence-based benefit assessment difficult. However, although there have been reports of at least one patient who chooses a setting depending on how she wants to feel (Russo, 2007), there also are no systematic studies of an non-therapeutic use of DBS for clinical populations – but this fact need not be a definitive argument against the permissibility of using DBS in those cases. What seems crucial here is rather the fact that the risks associated with surgery have already been taken, and so the risk/benefit ratio is more favorable in those cases – in other words, “trying it out” seems to be not as risky.

It is worth noting that at present it is highly unlikely that the public will queue to undergo DBS for non-therapeutic purposes – for many the benefits are too uncertain and the invasiveness of the procedure and associated risks and inconveniences too discouraging to even entertain the possibility of undergoing DBS. Those few that want to undergo DBS may do it for reasons that include, but are not limited to, the expectation of benefits. When the expectation of benefits is the main reason, this may be due to misunderstanding about effectiveness and risks of the procedure; this can be however addressed by providing appropriate information and the role of the specialist is of a crucial importance. Potential subjects do not have the obligation to “argue their case” or convince the physician, but they need to display sufficient awareness of the risks and benefits so that the requirements of informed consent are met.

However, there may also be those who are aware of the risks and the speculative nature of benefits but still want to undergo the procedure (e.g., for various reasons to do with pushing the boundaries of science and medicine). What should be done in such cases? Synofzik (2009) suggest that there may be cases where predicted risks outweigh predicted benefits, in which a physician has a good reason to discourage the use of an intervention on medical grounds but may still have a good moral reason to provide it; and to do so on the basis of subjects’ widely constructed interest and the respect for their autonomy. So there may be cases, when despite medical risks outweighing the benefits (including cases where risks are possible to estimate with a higher degree of certainty than benefits) it may be ethically permissible to provide DBS solely on the basis of considering the subject’s interests, albeit interests that go beyond the simply medical. This first step of the assessment will likely be followed by considering reasons for and against the procedure independent of the first step (funding, the potential to gain knowledge that could be transferred to the clinical setting, progress of science, etc.).

We may understand the sentiment of doctors who want to focus on relieving suffering, but we have to remember that the treatment/enhancement distinction that seems so obvious and apparent in the medical setting is much more difficult to construct as an ethically relevant one. The prospect of non-therapeutic use of DBS, and neuroenhancement in general, raises important questions about the societal implications of neurotechnologies. Among others, it restates old questions about the role and purpose of the medical profession and the role that doctors should play in managing access to medical technologies: those that aim at alleviating suffering and those that more generally promote well-being. At present, a limited number of specialists have control over the application of DBS. With this power, however, comes responsibility. Given that the ethics of the neuroenhancing application of DBS is less straightforward than it might have appeared at first sight, this responsibility includes, at the very least, a careful ethical assessment of requests for DBS for non-clinical use.
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In 2005 the journal Neuron published Mayberg et al.’s (2005) pioneering study on deep brain stimulation (DBS) targeting treatment-refractory major depressive disorder (MDD). Since then a handful of studies, in total encompassing little over 50 patients, have been published (Aouizerate et al., 2005; Jimenez et al., 2005; Mayberg et al., 2005; Kuhn et al., 2007; Lozano et al., 2008; Neimat et al., 2008; Schlaepfer et al., 2008; Malone et al., 2009; Bewernick et al., 2010; Sartorius et al., 2010) and larger trials are underway (Bell et al., 2009). A common ethical concern voiced when DBS is used for a psychiatric disorder such as MDD is that the stimulation specifically targets cognition, mood, and behavior; elements which are closely linked to the patient’s personality. Obviously, this holds true also for other antidepressants such as psychotherapy and medication. Apart from that these standard therapies have been of no avail for the patients considered for MDD DBS, one could still ask whether their potential to alter cognition, mood, and behavior, differ - with regard to ethical concerns - from that of DBS. Further, the relevant ethical concern is arguably not what functions the stimulation are intended to alter, as in psychiatric indications, but rather what functions that could be altered by DBS. Unintended alterations of cognition, mood and behaviour could occur as a consequence of both psychiatric and motoric DBS. Thus, potential alterations of personality seem, apart from the historical stigma connected with the former, to be relevant for most DBS indications. A lot of work remains to be done before a comprehensive analysis of these concerns could be presented. Our contribution is to introduce one question relevant to the intersection of DBS, MDD, and the notion(s) of authenticity.

At the heart of the notion of “authenticity” is the idea, with the words of the late British philosopher Bernard Williams, “that some things are in some real sense really you, or express what you are, and others aren’t.” This idea have not only attracted and been elaborated by philosophers (for further orientation, see Taylor, 1995 or Golomb, 1995), it also appears in our everyday lives. Expressions like “Mary wasn’t really herself today” or, “Eric finally showed his true face,” points to the notion that not all which we think, feel, or act on express who we really are. Thus, the notion of authenticity can both provide new perspectives to philosophical concerns regarding MDD and DBS, and in addition captures intuitions and beliefs held by many patients (Kramer, 1996; Bolt and Maartje, 2009). In contemporary analytical philosophy, authenticity has usually been employed in discussions on autonomy (Waddell Ekstrom, 1993, 2005), or in theories on “the Self” (Schechtman, 1996, 2004). In addition, authenticity has surfaced in bioethical discussions on issues like sex changes, human enhancement, and treatment of psychiatric disorders. A full account of these diverse interpretations cannot be given here (for instance, solely accounts of the self range from ideas that there are no such thing to ideas of the self as an immortal soul); hence this article is limited to introducing a few key features and their implications.

First one needs to address what the US philosopher Marya Schechtman describes as the characterization question, namely the set of characteristics that makes me the person I am; or, when applied to authenticity, the set of characteristics defining a person’s “true self.” One answer is suggested by the US philosopher Charles Guignon in the book “On being authentic.” He describes this set of characteristics as “the constellation of feelings, needs, desires, capacities, aptitudes, dispositions, and creative abilities that make the person a unique individual” (Guignon, 2004). Guignon’s suggestion bears some resemblance to the definition of personality traits according to the DSM-IV of the APA as “enduring patterns of perceiving, relating to, and thinking about the environment and oneself that are exhibited in a wide range of social and personal contexts.” The emphasis of “enduring patters” touches on another important feature regarding the true self; does the true self consist of enduring patterns, or is it “constantly shifting and reacting and altering” (Williams, 2002)? However, two other common features of the notion of authenticity diverge from the definition of personality traits according to the DSM.

First, beside the descriptive content the notion of authenticity usually entails a normative claim. To be authentic, it does not suffice to identify the characteristics of one’s true self. In addition, the defining set of characteristics must shine through or be expressed in the person’s way of living; reflecting on undertakings such as relationships, professional life, and hobbies. Thus, we fail to be authentic when we fail to express some part of our defining characteristics (Guignon, 2004; Schechtman, 2004). Second, these characteristics are often more or less explicitly described as “natural” disposition; implying that this set of inclinations and traits are bestowed on each individual by nature. When these two features combine, authenticity urges the person to live in accordance with this given nature; that which “we are” has a privileged position. Thus, on this view diversions from a person’s given nature are morally problematic. Noteworthy, the moral claim of authenticity does not oppose all kinds of alterations of a person; only the changes which distance a person from his or her true selves. Nor is a complete change in personality required for the change to be morally significant; or the rather major changes alluded to within psychiatry when talking about personality changes. For being morally significant, it suffices if any of the characteristics that make up your true self is altered.

Given the belief that it would be morally problematic to diverge from who we really are, how could different interpretations of this belief shape our views on MDD and DBS? We will start by introducing one main question, and then briefly sketch some other considerations. Sometimes it seems to be taken for granted that new technology, especially invasive electrodes altering brain function, threaten human values such as dignity, autonomy, quality of life, or a flourishing individual life (these specific examples of “threats” are found in Kuhn et al., 2009); instead of also examining to what extent these techniques could benefit or strengthen these values. Though, we will build an argument regarding authenticity which indicates that the latter may just as well be the case. The group of patients considered for DBS are those suffering from severe, often chronic forms of depression where all standard therapies have failed. Thus, this is our subject matter. So what could be said of these patients? In its severe forms, MDD causes physical symptoms, cognitive impairment, and a diminished emotional reactivity and motivation (Malhi and Bartlett, 2000; SBU, 2004). Thus, the depression greatly impairs the afflicted person’s quality of life (Sobocki et al., 2007); it influences personal relationships, work ability, the ability to pursue one’s interests etc. (Malhi and Bartlett, 2000; SBU, 2004). Further, beside the well known risk of suicide – one in six of the patients severely affected by MDD take their own life (Malhi and Bartlett, 2000) – there are indications that MDD can cause permanent structural changes in various brain regions, for example hippocampus, amygdala, and prefrontal cortex, as well as an increased likelihood to develop coronary artery disease and type 2 diabetes (WHO, 2001; Kramer, 2005; Krishnan and Nestler, 2008). Nor could these patients, despite common romanticized view of MDD, be considered to benefit from their depressions by increased creativity, thoughtfulness, or by being more insightful (Elliott, 1999, 2003). There might be less severe forms of MDD were such claims could hold some validity, but for this fraction of patients the opposite applies (Kramer, 2005; Ghaemi, 2007).

As previously noted, according to the normative thesis of authenticity we are less authentic if we fail to express some part of our defining characteristics. Conversely, to be fully authentic we must express our true selves in our daily lives, such as relationships, professional life, and hobbies. Considering the impact of MDD described above, it seems obvious that the depression prevents the patients from being and living authentic; i.e., the alterations caused by the depression distance (albeit to what degree varies from case to case) a person from his or her true selves and are thus morally problematic. Accordingly, a successful outcome of DBS could be viewed as a form of liberation since a hindrance for the patient to be and live authentic is eliminated when the depression is vanquished or significantly reduced. Some examples could be an improved health or quality of life, or the ability to return to work, as many of Mayberg’s patients managed to do (Egan, 2006); or establishing a relationship. If so, then the DBS treatment would be in accordance with, even promoting, the moral imperative of authenticity. The closer we get to an ideal DBS treatment; with set criteria for patient selection; optimal brain targets identified; and a new generation of electrodes which are more tissue friendly, minute, with precise and directed stimulation fields, and preferably designed to match the intended brain target, the likelihood of this outcome increases (something which in turn may open up for usage in less severe forms of MDD).

Much work lay ahead in identifying and examine other issues where authenticity could provide insights to the ethical implications of DBS for MDD. One fundamental question is whether the depression is a part of, or perceived to be a part of, the patient’s personality or not? If the former is the case it would, restricted to an authenticity perspective only, follow that treating the depression is morally problematic – if the alteration distance a person from his or her true self. More importantly, the patient’s view on this issue might influence whether he or she will consider DBS, hence empirical studies of this, and similar, questions is warranted. Another issue addresses authenticity, personality changes, and desired treatment outcomes. In a recent article on DBS (Müller and Christen, 2011), it was suggested that the aim of an ethically acceptable treatment, at least prima facie, should be to restore the personality to its premorbid state. Though this suggestion might have an intuitive appeal, and could be defended given a static view of the self, it does seem problematic at a closer look. Most of the patients with MDD considered for DBS have lived with the disorder for years or even decades. Considering the severe impact of the disorder; the depression, as well as the treatment, is not likely to leave the patients unchanged. For instance, at the “brains in dialog on DBS” workshop in Warsaw a participating Parkinson patient gave a telling account of such changes. She described that she after the DBS operation experienced “a third version of me,” in comparison to the version of her prior to Parkinson’s Disease and the version affected by the disease but prior to the effective symptom relief provided by DBS. Another angle to this question is provided by an observation made by American psychiatrist Peter Kramer in his book “Listening to Prozac.” Some of his (previously) depressed patients claimed that, at long last, taking Prozac made them experience their true selves for the first time, even though they, until then, had had another disposition (Kramer, 1996). These accounts point to the problems in assuming that there is such a thing as a premorbid, implicitly authentic, personality to be restored, or, in determining which “version” of the self that is authentic. However, if this is the case does it then make sense to talk about authenticity at all?

We suggest that it does. The concept of authenticity as such provides a means to entangle both philosophical and generally held intuitions regarding normative claims connected to personality changes. A superficial understanding of the concept and its normative implications; for instance, that alterations of cognition, mood, and behavior due to the disorder would be more authentic than comparable alterations caused by the treatment; or that the moral demand of authenticity require that the patient is restored to a premorbid state which obviously is gone forever, could lead us astray. Likewise, the concept is not bound to a dated belief of an authentic self which is given by nature and unchanged by time. Instead, we suggest that the concept of authenticity could be used to capture and analyze the intuition that some alterations of cognition, mood and behavior are ethically objectionable, whereas others are unproblematic or even desirable. The concept of authenticity can illuminate ethical concerns regarding changes of a patient’s fundamental defining characteristics; how these characteristics vary from patient to patient; and, over the lifespan of a single patient.
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Today, deep brain stimulation (DBS) is performed to treat dystonia in children as young as 7 years of age (Roubertie et al., 2000). For a variety of reasons, timely intervention in childhood dystonia is important: (1) to prevent irreversible damage, (2) to obtain optimal treatment outcomes, since severity and duration of the disease are negative prognostic factors for successful DBS treatment, and (3) to prevent long-term social costs due to social isolation (Isaias et al., 2008; Mehrkens et al., 2009; Clausen, 2010). Individual cases of DBS for neuropsychiatric disorders in adolescents have been published over the last 3 years (e.g., Shaded et al., 2007). Considering the investigational nature of DBS for psychiatric disorders, this is unsettling to say the least.

A group of experts recently proposed guidelines for the use of DBS for disorders of mood, behavior and thought (Rabins et al., 2009). Due to the investigational nature of DBS for psychiatric disorders, they defend the position that, at present, DBS for mood, behavior and thought disorders should be reserved for adults. However, they also put forward that “if DBS is found to be safe and effective for adults, then it might be appropriate to investigate its benefits for a younger population with severe, treatment-refractory symptoms” (p. 933). Their opinion is quite different from the statement made by another group of experts on the use of DBS for Tourette syndrome (TS) in children (Mink et al., 2006). They argue that patients should be at least 25 years old, with rare potential exceptions involving younger patients. Bloch and Leckman (2009) similarly claim that “invasive interventions for TS such as DBS and neurosurgery are strongly discouraged until well into adulthood, even for patients with impairing tics” (p. 499).

Is it ethical to categorically exclude children and adolescent patients from receiving DBS for treatment-refractory disorders such as TS? If clear scientific criteria exist why specific pediatric disorders need to be excluded, then yes. However, if no such criteria exist for a given disorder, then surely it is unethical to categorically exclude children and adolescent patients from receiving the only treatment available that could dramatically increase their quality of life. Experts that oppose the use of DBS for pediatric TS (Mink et al., 2006; Porta et al., 2009) defend their position based upon the nature of childhood TS. According to a recent review, by early adulthood, approximately three quarters of children with TS will have greatly diminished tics and more than one-third will be tic free (Bloch and Leckman, 2009). A recent follow-up study on childhood and adolescent OCD found that 60% of children and adolescents did not have a full clinical disorder at follow-up, and two-thirds of participants rated themselves as much improved (Micali et al., 2010). According to the authors, many young people adapt to their illness and can lead a fairly normal life despite their symptoms. These are indeed important findings that highlight the exceptional caution that is needed when considering pediatric DBS for disorders that may spontaneously disappear or become subclinical over time. However, do they warrant the categorical exclusion of child patients? As Mink et al. (2006) themselves put forward: “Remission of tics may occur in the third decade of life in up to 50% of patients, but to date, there are no prognostic features that predict which patients will have a remission in their symptoms”(p.1832), and according to experts, the situation remains the same today. Which means that we do not possess clear scientific criteria to warrant the categorical exclusion of all child patients.

Children with severe treatment-refractory diseases are an extremely vulnerable group, and they should not be exposed to an invasive intervention like DBS unless successful treatment outcomes have been established in adults. However, if treatment success for neurological or psychiatric disorders is established in adults, and provided no clear scientific criteria exist to categorically exclude minors, then children and adolescents can be involved in small-scale, early-phase studies provided these are done in research centers. Children with treatment-refractory disorders should not be categorically excluded from receiving DBS treatment, and this holds for any disorder for which treatment success has been established in adults and for which no clear scientific criteria exist that warrant their exclusion. Moreover, it is crucial that the decision-making process is a shared process between the child patient, the medical experts and the parents or parental guardians to maximally protect the vulnerable child patient. The decision-making process should involve a dual consent procedure with parents giving informed consent and children giving explicit assent. Medical experts should not start treatment in those cases where the only benefit to incur would be relief of caregiver burden. Unless clear scientific data can show that a child patient would benefit by receiving DBS treatment and would be harmed if not given treatment (e.g., cases of severe childhood dystonia), DBS treatment should not be performed if the child patient dissents. If successful, timely DBS treatment for dystonia benefits both the child patient (by preventing irreversible harm and long-term social costs due to social isolation, and providing optimal treatment outcomes) and the caregiver. Hence, we have strong reasons to consider DBS treatment in a timely fashion, and potentially even in those cases where the child patient dissents. This is not so for certain other disorders. If DBS treatment is performed for childhood TS or OCD that might have spontaneously remitted or become subclinical with time, then the dissenting child patient is harmed because an unnecessary invasive procedure was forced upon him/her, and the only benefit that occurred is a third-party benefit (i.e., caregiver relief). In fact, treatment compliance is a patient selection requirement according to the Italian DBS group treating TS (Porta et al., 2009). Indeed, it is crucial that the decision-making procedure is a shared process between child patients, medical experts and parents: (a) to ensure the best possible care and support during the treatment process, (b) to preserve family intimacy, and (c) to stimulate children’s development of autonomy.
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Must family/carers look after strangers? Post-DBS identity changes and related conflicts of interest
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Deep brain stimulation (DBS), a favored treatment option for Parkinson’s disease and treatment resistant depression, restores disrupted brain mechanisms to default states and is likely to extend to mental and movement disorders and neurodegenerative conditions. All are associated with gradual cognitive, affective and/or behavioral changes. DBS confronts family/carers with emotionally, physically, and mentally trying challenges, as successful symptomatic relief may be accompanied by instantaneous apparent identity changes. Patients become restored to a previous state, “normal” or species-typical in ways they have never been, or placed in an enhanced state of subjective well-being. They are likely to feel like a new person, both to themselves and to others. How clinicians conceptualize patients’ post-DBS personality changes has profound ethical implications not only for the patient but also for their family/carers. These amplify existing conflicts of interests.

Some involve patients, family/carers, and healthcare authorities. Family/carers looking after patients with neurodegenerative conditions, mood disorders, and brain injuries in the home conserve healthcare resources at considerable personal cost. They are increasingly subject to coercive expectations of affection and day-to-day care for the aging and infirm as demographic changes foster devolution of care from hospitals to homes. These resource-driven policies tend to be couched in terms of the rhetoric of patient choice, e.g., deinstitutionalization of neurorehabilitation and hospice services on the grounds that most of us wish to die at home. Family/carers are placed in an invidious position as they are expected to function almost as ancillary members of clinical teams in terms of providing care, yet lack the authority, training, remuneration, and legal safeguards accorded clinicians.

The potential of DBS to provide symptomatic relief could spare healthcare budgets and family/carers’ personal resources. Devolution from hospitals to homes depends upon family/carers providing day-to-day care, monitoring patients’ conditions and taking momentous decisions, like assessing decision-making competence and capacity after the cognitive, affective, and behavioral changes DBS is likely to treat. As increasing proportions of the population will suffer from chronic conditions, or be involved in looking after the seriously impaired at home, the financial, and clinical implications of successful DBS treatment are immense. Patients, family/carers and society at large could reap significant benefits from symptomatic relief leading to returns to paid employment, increased social participation, and release from carer burden. Yet these benefits must be balanced against the risks of conflicts of interest arising from the impact of post-DBS personality changes on family/carers.

Both sudden and gradual personality/identity changes stress family/carers. Conditions like stroke and traumatic brain injury can cause sudden identity alterations, while gradual changes characterize neurodegenerative conditions. Family/carers experience poorer mental and physical health and more stress where patients’ personalities have changed. They report more resilience when there has been cognitive but not affective change so affectionate relations are preserved. Caring for someone where love and affection continue is understandably easier than providing services for someone who may look the same, but feels and behaves like a stranger (Mackenzie and Sakel, 2011). Clinical strategies emphasize constructing narratives providing continuities of identity, as where neurorehabilitative goal-setting supports recovery of self and capacities after sudden changes, or narratives connecting past memories and present events preserve fading self-concepts in dementia. Family/carers who adhere to these stories are more able to continue to provide care on the basis of affection for those who still feel like their loved ones, despite clinically induced changes. Narratives provide a context of continuous meaning for patients’ personality changes which allow for grief for the loss of capacities, but continuity of caring (Ylvisaker et al., 2008).

Post-DBS personality changes are different. Patients may not behave or feel like familiar damaged or diseased loved ones, but like healthy strangers with claims on family/carers’ time, affection, and assets. While cognitive and behavioral incapacities characterize patients with stroke, brain injury, and dementia, affectionate mutuality often continues, so that family/carers feel that the relationship is maintained despite misfortune. Yet conditions where patients maintain their cognitive abilities, but lose their capacities for empathy, insight into their own behavior and considering others’ interests, as in “acquired sociopathy” associated with behavioral variant fronto-temporal dementia, are notorious for placing the maximum burden on carers (Mackenzie and Sakel, 2011). Thus, family/carers of DBS patients are likely to be faced with significant stresses associated with being linked to those who look like their loved ones, but may behave quite differently, value very different things, and be unconstrained by past ties of affection.

Family/carers are likely to feel guilty and conflicted if they prefer patients who were previously suffering from serious clinical symptoms, yet remained affectionate, to the same patients in their post-DBS state where DBS results in altered personalities, values, and choices over ways of life. Grieving for the lost person’s presence may feel unethical in that serious symptoms have been alleviated, but, where the healthy person feels like a stranger, their claims on family/carers’ time, affection, and assets may feel inappropriate and unjustified. Unanticipated breakdowns of relationships, dispersal of familial assets and inordinate stress on family/carers are likely outcomes, which should be addressed carefully in pre-DBS informed consent procedures. This is particularly crucial as competent patients whose values change post-DBS could repudiate advance decisions made pre-DBS.

Deep brain stimulation effects’ reversibility also provokes unique ethical dilemmas. Neuromodulatory stimuli may be turned on or off and up or down. Using DBS to map connections between neural mechanisms, specific brain locations, subjective experiences and ways of behaving may provide evidence allowing for choice over where settings should be to ensure desired personality traits post-DBS. Accompanying disruptions are inevitable in diagnostic categories and conceptions of what constitutes normality, neurodiversity, and neurodysfunction. Clinicians may become able to use DBS to create tailor-made personalities for patients. After taxonomic upheavals, an increased range of personality traits are likely to become accepted as neurodiverse rather than neurodysfunctional. This all impacts on clinicians’ ethical responsibilities, as it may be possible to provide DBS in ways which are clinically equivalent, but have varied outcomes in terms of patients’ personality and behavioral changes. How choices amongst settings determining this should be made, and by whom, is unclear.

Patients are likely to choose settings enabling them to feel “better than well,” whereas family/carers may prefer personality traits more like their familiar loved ones’. Should either be clinically preferable, it should prevail. Yet no ethical guidelines exist for choosing between clinically equivalent settings. Eschewing extreme settings may be deplored as coerced normalization and there are no clear grounds for considering specific settings as guaranteeing more authentic patient identities. Conflicts are inevitable over which settings should be chosen to enable which personality characteristics (Mackenzie, 2011). Boundaries between neurodiversity and neurodysfunction are likely to be bitterly contested.

Should symptomatic relief be accompanied by altered personality traits leading to relationship breakdown and dispersal of family assets, family/carers may want some say in choices over treatment outcomes. Yet as clinicians’ duty of care is to patients alone, where post-DBS personality traits are clinically equivalent, patients should be accorded autonomous choice. Clinicians would retain a duty to ensure that patients were informed of the risks and options accompanying their choices. As patients’ risk preferences are likely to alter with DBS treatment, questions arise over which of a range of possible states should be accepted as a basis for autonomous choices. Should the choice over settings of the patient in a risk-averse, risk-neutral, or risk-seeking state be accepted? As conditions treated by DBS involve cognitive, affective, and behavioral alterations, patients’ pre-treatment states cannot be seen as more authentic than any of a range of clinically equivalent post-treatment states of being.

Clinicians may feel an ethical obligation to redress such conflicts of interest by including family/carers in the informed consent procedures, or suggesting they obtain legal advice on protecting familial assets pre-DBS. Yet clinicians also need to protect their patients. They should monitor refusals of DBS treatment and assess how autonomous patients’ choices over post-DBS settings are in relation to undue influence or coercion. Family/carers may attempt to manipulate patients to refuse DBS or to choose settings which preserve affectionate bonds and family assets. Where patients eligible for DBS are incompetent, family/carers may be tempted to influence discussions over whether DBS is in patients’ best interests, or to institutionalize them prematurely. Access to outside interference with DBS mechanisms and settings may need to be restricted, as may the range of settings able to be chosen.

This opinion has sketched out some conflicts of interest which may arise between healthcare authorities, clinicians, patients, and family/carers post-DBS treatment. Yet the promise of DBS to transform the well-being of all parties is commensurately immense. In the light of these factors, as well as others which space constraints prevent my mentioning, there is an urgent need for ethical guidelines on DBS.
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Single cases promote knowledge transfer in the field of DBS
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The development and clinical application of deep brain stimulation (DBS) is based on the cooperation of various disciplines in order to address its neuroscientific, neurological, psychological, technological, and ethical challenges (Benabid et al., 2009). Safeguarding the quality of this interdisciplinary cooperation requires that novel issues (e.g., on adverse events) are raised timely in the scientific community and are communicated across disciplinary borders. In this opinion, we describe the development of the complexity of DBS research and assess knowledge transfer in terms of citations that transcend disciplinary borders. Our argument is based on an extended, ongoing meta-analysis of scientific journal papers on DBS in the nucleus subthalamicus (STN); a literature body that comprises more than 550 case reports, outcome studies, and review papers (Müller and Christen, 2011). Because STN–DBS, beginning in the early 1990s, is the most common DBS application, lessons learned in STN–DBS are important for evaluating clinical, societal, and ethical issues of novel DBS applications that emerge in psychiatry and other fields.

The complexity of DBS research is illustrated by the various issues that are discussed in the DBS literature. Our meta-analysis revealed a broad range of issues that can be grouped into four classes (see Figure 1A):


[image: image]

Figure 1. (A) Change of the relative weight of issues discussed in the DBS community based on an analysis of the posters published in 2002 and 2010 on the International Congress of Parkinson’s Disease and Movement Disorders. The issues are grouped into four classes: 1. Understanding therapeutic effects, 2. Medical intervention issues, 3. Affective, behavioral, and cognitive side effects of DBS, 4. Other issues. (B) Impact analysis for three types of DBS literature: case reports, outcome studies, and review papers. The blue hexagon is the reference (percentage of publications equals percentage of citations in each cluster), whereas the red polygon shows the actual fraction of citations minus the fraction of publications for each disciplinary cluster.



1. Understanding therapeutic effects: motor effects of DBS, effects on medication, and comparison with medication-based therapy, research about the physiological mechanisms of DBS.

2. Medical intervention issues: surgery-related issues (e.g., hemorrhage risks) and patient management (e.g., patient selection).

3. Affective, behavioral, and cognitive side effects of DBS: sequelae on behavior, cognition, mood, language, and quality of life.

4. Other issues: cost-benefit studies, technological issues (e.g., battery life), effects of DBS on autonomous functions, sensory systems, emotion recognition, sleep, and body weight.

For investigating how and when the discussion in the scientific communication about those issues has developed, the analysis of conference posters is preferable to the analysis of journal papers, since posters are published faster, have a lower publication threshold, and are more thematically focused. The International Congress of Parkinson’s Disease and Movement Disorders (since 1990 biannually, since 2004 annually) maps very accurately the research on DBS applications for movement disorders. Since the amount of DBS journal papers has significantly increased after 2000 – indicating a transition from a “pioneer phase” to an “application phase” (Müller and Christen, 2011), we compare the posters published on the 2002 (175 DBS posters out of 1,183) and 2010 (124 DBS posters out of 1,067) conferences. Thus we cover a time span in which the scientific debate on DBS issues already was established. A content analysis of the posters presented in 2002 reveals a dominance of issues about understanding the therapeutic effects of DBS. However, the thematic spectrum was impressively wide and broadened further in 2010, where in particular the fractions of posters about patient management and about behavioral and cognitive side effects have increased.

One way to investigate knowledge transfer between different disciplines that cooperate for developing new therapies is an impact analysis, i.e., a comparison of the number of publications with the number of citations of those publications in different disciplinary fields (Christen, 2008). In the Thomson Reuters Web of Knowledge database (the broadest academic citation indexing and search service), each publication is related to one or several subject categories based on the journal in which it has been published. These subject categories are pooled to “disciplinary clusters,” whereas the pooling is adapted to the type of problem and the number of citations obtained. By way of example, if 50% of the publications of a specified literature body are attributed to one cluster, whereas only 10% of all citations generated by this literature body are attributed to the same cluster, a publication–citation-transfer between this cluster and other clusters has happened.

For the impact analysis, we have compared six disciplinary clusters of three subsets of publications from our DBS literature body (see below) with the set of publications that cite these publications. The impact analysis shows that the subject category “clinical neurology” covered the most citations (and publications), and thus became a separate cluster, whereas the other disciplinary clusters (Neuroscience, Biology, Psychiatry/Psychology, Medicine, Social/Technical Sciences and Humanities) were formed by several subject categories with thematic similarities. Subject categories of technical and social sciences or humanities obtained only a few citations and were therefore pooled in one large cluster. It has to be noted that journals for social sciences and humanities are covered insufficiently by the Web of Knowledge database. Therefore the impact analysis underestimates the impact of the DBS literature in these disciplines.

The following publication-subsets from our STN–DBS literature body (∼550 publications) have been chosen for the impact analysis: 40 Case Reports on adverse events after STN–DBS; 44 Outcome Studies that achieve high “relevance ratings” (i.e., they have been regularly analyzed by the DBS-review-papers that form the third set); 23 “high quality” Review Papers that used a standard meta-analysis methodology or were based at least on a systematic examination of outcome studies (i.e., no narrative reviews). Figure 1B shows the results of the impact analysis for each type in a spider diagram that displays the citation fraction minus the publication fraction for each cluster in percent. The blue hexagon is the reference (i.e., the fraction of citations minus the fraction of publications equals zero), whereas the red area shows the actual differences of the fractions of citations minus publications. In all three cases, the cluster “Clinical Neurology” was the main source of publication–citation-transfers. However, the “overall transfer” – i.e., the sum of all positive (or all negative) transfers between all clusters – differ markedly between the three types of publications: Whereas in the case reports 23.8% of all citations were generated outside their disciplinary origin, only 10.9% of citations generated by review papers left their disciplinary origin (outcome studies: 20.5%). The cluster “Neuroscience” was the main transfer target. In absolute numbers, only few citations (Case Reports: 2.9%, Outcome Studies: 3.7%, Review Papers: 2.0%) were generated from the cluster “Social/Technical Sciences and Humanities.”

In summary, two lessons can be learned: First, the DBS community indeed recognized the complexity associated with this novel therapeutic approach and adapted its focus to emerging issues. Second, not high quality review papers, but reports on complex, single cases spearheaded the interdisciplinary knowledge transfer. Therefore the discussion about clinical, societal, and ethical issues of DBS should not rely on the assumption that the DBS community underestimates the complexity of DBS. Further research should focus on the question how reports on paradigmatic cases diffuse into different disciplines in order to understand the communication processes that accompany the development of novel, stimulation-based therapies for psychiatric and other diseases.
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Opting for DBS: the role of patients’ associations between scientific and humanistic knowledge
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The movement which, in the years between the late 1980s and the early 1990s of the past century, led to the establishment of the first patients’ associations in Italy was initially based on the patients’ need for adequate medical information. In those days, upon leaving the neurologist’s office with a diagnosis of Parkinson’s disease (PD), you were stuck with the feeling of having received a really bad piece of news while – at the same time – not having the tools necessary to fully understand such diagnosis and its impact on your life. The adjustment to the new situation, which still nowadays can take many years, then was made even harder by the difficulty of gathering the information needed to understand what this illness really was and what its causes, its progression and outcomes were.

However, today a doubt is creeping among the associations: that they are going from one extreme to the other. As a matter of fact, it is a common occurrence to discover that too much information has been made available to the patients. Among the most common signs of information overload is the patients’ fear and overreaction to the prospected future course of the condition: therefore, they quite often end up assuming the “omnipotent” illusion that the more they know about the disease, the easier it will be to be in control of it.

Considering that nowadays the information to the patients is taken for granted, it may be worth finding out if there are other kinds of knowledge the associations could take care of that might prove to be useful in order to improve the patient’s quality of life. From this perspective the associations could be of real service if they broadened their mission to include a humanistic knowledge attentive not only to the physical needs of the suffering human beings but also to the emotional, intellectual, and spiritual ones. Such knowledge could be of great help to the people with Parkinson’s, supporting them in critical situations such as the agonizing decision making process leading to the resolution to undergo deep brain stimulation (DBS) or drop the idea. The simple possibility of brain surgery evokes ghastly pictures of devastating lobotomies which leave the patient in the grip of anxiety and distress. And desperately alone. For however close and loving his/her family may be, however caring his friends and competent his doctors, the head that 1 day will have to be screwed into the stereotactic helmet is the patient’s one. As his/her is the brain that all life long will depend for “normal” functioning on a constant electric charge. Moreover, the association offers the candidate an invaluable opportunity for the operation: getting in touch with other patients who have already undergone DBS or plan to do so. Thanks to the association, the patient gets acquainted with a wide range of human situations and individual reactions, while finding some relief from anxiety and attaining a more serene outlook.

This function of the associations could be implemented if, to help their members, they could offer them, besides well trained wholehearted volunteers, the help of a philosophical counselor. This is a new professional figure – drawing his knowledge from the more than 2500-year-old western philosophy – which has existed for some time now in more than a few Italian hospitals. The difference between a philosophical counselor and a psychologist lies herein: while psychotherapy addresses the patients unease from the point of view of his personal story and situation, philosophical counseling helps the patients to adjust to circumstances which, even though striking individually, are universal (i.e., depending on the human condition as such).

In my capacity as President of Parkinson Italia – a Federation of 23 patients’ associations – I think that the availability of a qualified philosophical counselor, both as a group leader and for individual sessions would make a remarkable shift in the associations’ role: from simple information provider to a place of warm reception and inner growth.

In the context of a wider understanding of the meaning of suffering it is worth noticing that according to ancient wisdom, disease is not only a setback but an opportunity as well, fostering meaningful insights into our inner world and taking stock of our life. A long disease gives us time to inquire ourselves in depth about many issues that otherwise would have remained buried deeply in our unconscious. Then the disease becomes a descent in the innermost depths of the soul. And it is just when suffering grows unbearable and we feel that we can not hold on for one more single second that the quantum leap takes place and suddenly the consciousness opens to a new perception of the world. But unfortunately our culture is one of appearance and consumerism, while experiencing the sacred is considered an embarrassing occurrence. But human beings do need spiritual nourishment especially if they are about to pass through “the narrow doors” of experience. And among the many “tight spots” trough which the disease forces us, brain surgery is possibly one of the narrowest and of the most crowded with unanswered questions.

One would expect from a patient restored to a better life at least some contentment. On the contrary there are more than a few people with Parkinson’s who, after a completely successful DBS which greatly improved their motor symptoms, instead of being happy develop a depression or other psychiatric conditions.

It is clear that the above problem is deeply hidden and neurologists, neurosurgeons, and psychiatrists look for a solution in a specific malfunctioning area of the brain. Even in a perspective that does not reduce the psyche to a simple epiphenomenon of brain activity, one must admit that the fact is unsettling and raises many questions. How is it possible that infirmity could be regretted by a person to whom DBS gave back the priceless good of autonomy? What unimaginable and possibly perverse secondary gains could hide in such a distressing disease? What secret reward could be worth the agony of advanced Parkinson’s.

However it must be remembered that recently it has been supposed that some of the psychiatric problems following surgery could be related to the sudden reduction of the dopaminergic drugs that usually takes place in the follow up.

It remains that there is no certainty at all and that such questions are not easily answered.

It is a dangerous ground where both humanistic and scientific knowledge are tightly interwoven together with ethics; however the resulting pattern is still blurred and indistinct.

As for me, treated by DBS with extraordinary results, the feeling is that we are just at the very beginning but, at the same time, that we are bound to reach most encouraging goals. As I used to say at the time of my operation: “It may-not be a cure, but it certainly feels much like one.”
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What is “narrative bioethics”
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It was not me who coined the term “narrative bioethics.” I discovered the term in the title of a dissertation, written by a young theologian, Katrin Bentele, which dealt with ethical dilemmas in doing research on Parkinson (Bentele, 2007). She concluded her dissertation with a quotation out of my book, which has the title, in English, “Deep in the brain” (Dubiel, 2009). This book, in which I described my experience with living with Parkinson and with deep brain stimulation, turned out to be – compared to the books I had published previously – a real bestseller.

What struck me in particular was that, from the moment of its appearance, this slim book of mine was praised as a decisive contribution in the field of narrative bioethics. The above mentioned Katrin Bentele went so far to quote 10 pages out of my book, calling it social scientific discipline “avant la lettre.”

The first question I want to raise is how the ethical, political, and cultural implications and consequences of the new high-risk technologies differ from other technologies of the past century, like nuclear energy or nano-technology. To my impression, no other technology has raised even prior to its final implementation a comparable mix of apocalyptic anxieties and chiliastic hopes.

Bioethicians are not motivated – like many of their critics seem to suppose – by a naive form of technophobia, inspired by irrational ideologies. Nor do they indulge in a blind appraisal for anything that is technically new, irrespective of the purposes it serves. The ethical evaluation of a new surgery technique, a new pill or a new treatment usually starts with general principles or norms, which are sharpened (or specified) in a dialectical interplay with individual case studies. Thus they pretend to arrive at bioethical positions, which are “thick” and “thin” at the same time. They are “thick” in the sense of having absorbed a lot of empirical context–knowledge; they are “thin” in the sense of having been inspired by the most abstract set of cognitive and ethical principles. Some bioethicians are convinced to have discovered a scheme of judgment, which is no longer affected or distorted by empirical contingencies or too high levels of theoretical abstraction. This kind of (over-) generalized principles are also called the “the first order principles,” such as truthfulness, justice, fairness, universability (Kant’s “Categorical Imperative”), “divine-command.” These “first order principles” will soon prove to be too abstract for constructing the foundations of an applied ethics like bioethics. In this case you have to construe an elaborated set of “second order principles.” Examples for “second order principles” taken out of the context of bioethics are:

– Respect for the self determination of people affected by a disease which is or will be curable or at least treatable within the life-span of the affected;

– Strict avoidance of any further damage;

– Care for all affected in the philosophical sense of “justice”;

– Professional ethics like pledge of secrecy in the case of medical doctors, therapists and priests.

But even this far more complex approach does not withstand critique. The “second order principles” mentioned above remain vague and indeterminate. The so-called “first order principles” are by no means neutral phenomena, the existence of which could be proven with means of clinical purity. The only way of taking account of social phenomena is by means of communication. The person who is entangled in ethical dilemmas and the bioethicist who is theoretically interested in ethical problems do have to talk to each other. This is the first and most essential relation, which the two parties have to enter. We have to keep in our mind, however, that the project of a narrative bioethics is not in competition with traditional forms of ethical justification. The necessity of an alternative ethical concept results from the blind spots of an ethics based on principles alone.

One can assume that members of former generations have made similar experiences. But the sociologist contradicts this widely held belief forcefully. We sociologists hold onto the conviction that the narrability of suffering has emerged in history. Physical pain in all its dimensions is a product of that kind of modernization, which we sociologists call “individualization.” In this new sociological discourse “individualization” means the breaking away of existential railings, the dissolution of traditional, mostly religiously shaped patterns of life, which used to protect us from despair and give us hope and consolation. In contrast to other areas of life, love, and erotic pleasure, where the existential balance sheet is definitely positive, the balance in the case of illness, solitude and fear of death is clearly negative. The culturally shaped coping strategies with death, dying, and illness are melting away.

So the necessity came into the modern world to be able of making sense of one’s own life, in particular when leaving or entering the stage of life. We are, as it was wonderfully put by Katrin Bentele, exposed to the contingencies of life without any protection.

Crises in the sense of breakdown of collective or individual identities are managed with similar means. My identity has to be protected against external threats of its integrity by means of increased “reflexive efforts.” “Reflexive efforts” basically mean telling stories – stories which are told and retold on different levels and contexts – this means the stories of the nation’s history, its triumphs, its guilts, the stories of the family, the stories which parents tell their children when putting them to bed. These stories demonstrate that human beings have identity not as an immutable possession. But more as a provisional result of permanent reflexive efforts, which last as long as our lives.

Helmut Plessner, a German philosopher born in the early twentieth century, introduced the famous distinction between “having a body” and “being in a body.” This distinction corresponds to the older German distinction of Körper and Leib (Plessner, 1928). The difference between “having a body” (Körper) and “being in a body” (Leib) can be illustrated with the way with which infants experience their body. Experiencing the body in the sense of Leiberfahrung (physical experience) forms the basis of personal identity.

The reflection of people in distress prefigures the line along which the experience of physical suffering can become the raw material of bioethical reflection. I call this constellation of pain and identity paradoxical, because it is just the medical intervention into the integrity of our body which directs our attention to this complex constellation.

The body is checked, measured, and evaluated by the medical profession. It is evident that these interventions affect persons differently; the doctors are interested in the body only as mechanic system, whereas the patient can take this role only for a short time.

I am neither a philosopher nor a theologian, but only a sociologist, an expert only for the penultimate matters. But even people like me can be aware of the fact that each of us entered one stage of life and will leave it on another. Now, finally, we have found the close link between our capacity to reflect on our bodies in distress and the capacity to talk, to tell, and listen to stories. “Hermeneutics” as the art of reading texts paradoxically starts to work in view of ruptures in the text, which block its understanding. Experiencing a severe disease is a similar rupture in the lifecycle. The only chance which remains for the sick person consists in keeping aware of this rupture, as long as he or she is able to. This may be the only way to recover in a deep existential sense in regaining the existential sovereignty, which he or she has lost with the experience of his or her vulnerability. In our times a sick person is compelled to make one’s own sense of his life and his mortality. This ability of making one’s own sense on birth and death is necessary, because being born and dying is due to the successes of biotechnology, no more a simple act which is accepted by its mere suddenness. Since entering and leaving the stage of life has become a process which is stretched and compressed in a peculiar way, because pregnancy and parenthood are discoupled and the former status of the dead person is differentiated in person in a coma, persons partially in coma, and persons with no vital signs of the heart or the brain. Thus life and death have developed not only into an ethical, but also in a political question.

I can think, talk, and formulate thoughts as I speak just like before. In the recent past I have tried – with some success – to secure the positive stocks of my life rather than lament what I am no longer able to have or to do. Thus, I have begun to reconcile myself with my pacemaker. It gives me energy and mobility. I can accept it now because I more often take the liberty of turning it off. Then I feel as if nothing has ever happened before.

Coming to the end, only that person, who has lived a good life, will be able to stand the outlook of imminent death in a calm and relaxed manner. It was a good life, if the person can feel like an author, who has inscribed traces in the texture of civil society, which cannot be overlooked and will be remembered. A life has gained significance beyond its mere zoological dimension when it can be told as a story. The collective life of a civil society is a texture of told and yet untold stories, a mosaic of biographies. Biography is a strange genre, because its constitutive features – the beginning and the end of a life – are concealed to the respective person. The preconditions and consequences of all the important decisions in life are too complex for the individuals involved to be fully aware of them. On the contrary, one of the prerequisites for happiness is realizing life’s open-endedness and having an inkling that beyond the next mountain range, around the next bend in the road, lies an unknown land.
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