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Summary: The advancement of electrical stimulation of the cen-
tral nervous system has been a story of fits and bursts with nu-
merous setbacks. In many ways, this history has paralleled the
history of medicine and physics. We have moved from anecdotal
observation to double-blinded, prospective randomized trials. We
have moved from faradic stimulation to systems that lie com-

pletely under the skin and can deliver complex electrical currents
to discrete areas of the brain while controlled through a device that
is not much bigger than a PDA. This review will discuss how deep
brain stimulation has developed into its current form, where we
see the field going and the potential pitfalls along the way. Key
Words: DBS, history, cerebral localization.

EARLY HISTORY

Electrical stimulation has been used since ancient
times to modulate the nervous system. The electric ray
Torpedo nobiliana was so named by the Romans for its
ability to cause torpor.1 The Greeks named the same
animal narke due to its ability to numb or narcotize its
prey, or anyone foolish enough to catch it in his nets.2 In
46 C.E., Scribonius Largus suggested applying the live
ray to the head of a patient suffering from a headache.3

This remedy was later used for hemorrhoids, gout, de-
pression, and epilepsy. Fortunately, we have progressed,
although even in 18th Century North America, electric
fish were used for pain control.3

The first major steps in such progress were the
realizations that the brain is an electrical organ and
that the brain is not homogenous. Although Hip-
pocrates observed that damage to the veins of the brain
can cause contralateral seizures, it was believed that
the brain was a homogenous mass without discrete
function for over two millennia.4 This incorrect model
was finally put to rest by the seminal observations of
Fritsch and Hitzig.5 Similar to Hippocrates, Fritsch
and Hitzig5 noted contralateral convulsions when
dressing a head wound in 1864. However, by this time,
the voltaic cell had been invented, and Michael Fara-

day’s law had led to the development of the generator.
Peripheral applications of electrical current had be-
come common in the 19th Century for anesthesia and
a variety of medical ailments (FIG. 1).1,6 During one
such application, Hitzig noted contralateral eye move-
ments with strong electrical stimulation of the scalp.
Because it was considered academic heresy to chal-
lenge this dogma of the “unexcitable cortex,” Fritsch
and Hitzig5 performed a series of experiments on dogs
at Hitzig’s home. Publishing their results in 1870, they
found that they could elicit graded responses, from
small arm movements to generalized tonic clonic sei-
zures, based on the amount of current applied (avail-
able in English translation6).
Soon thereafter, in 1874, in Cincinnati, Bartholow7

applied current to the brain of a terminal patient whose
scalp and cranium had eroded due to basal cell carci-
noma (FIGS. 2 and 3).6 Initially, these experiments went
well, eliciting contralateral movements. However, in the
last set of experiments, Bartholow7 induced seizures.
Over the next several days, they became recurrent and
this female patient died. An autopsy showed thrombosis
of the transverse sinus as well as a subdural empyema.
Bartholow7 attributed these findings and her death to her
underlying disease, but was roundly condemned by an-
tivivisectionists, the American Medical Association, and
the British Medical Journal, among others, for three
reasons: 1) the patient was mentally retarded and not
competent to give informed consent, 2) she suffered pain
and discomfort as a result of the experiment, and 3) the
experiment hastened her demise.
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The next publication of electrical stimulation of the
human brain was by Horsley8 10 years later. He deter-
mined that there was functional tissue within an enceph-
alocele via electrical stimulation. In 1887, he performed
the first electrocorticography for epilepsy surgery at the
suggestion of Hughlings Jackson.9 Electrocorticography
was further developed by many of the giants of neuro-
surgery: Keen, Krause, Sherrington, and Penfield. How-

ever, it took another 80 years before the technology
advanced to the point that one could consider implanta-
tion of stimulating electrodes with which a patient could
walk around.
Before there was long-term stimulation, there was ab-

lation. Horsley had performed cortical ablations of the
pyramidal system for movement disorders in 1890.10

Although these procedures were successful in abolishing
abnormal movements, the patients were left with signif-
icant paresis as a result. It was believed by many leading
neuroscientists and neurosurgeons that surgery on the
extrapyramidal system would result in impaired con-
sciousness and/or weakness (reviewed in reference 11).
Meyers first tested lesions of the basal ganglia to allevi-
ate movement disorders in 1939; however, because these
were open procedures before the advent of the operating
microscope, the morbidity was significant with a 12%
risk of mortality (FIG. 4).

THE ADVENT OF HUMAN STEREOTAXIS

This all changed with the development of the stereo-
tactic frame by Spiegel et al.12 in 1947 (FIG. 5). Al-
though Horsley and Clarke13 had designed an earlier
stereotactic frame for use in animals using surface land-
marks, it was not very accurate due to variability be-
tween subjects.11,13,14 Spiegel et al.12 used pneumoen-
cephalograms to determine Cartesian coordinates of
structures around the ventricles. In their first article de-
scribing the apparatus, they reported using the device for

FIG. 1. Advertisement for electrical stimulation in the Boston
Globe from 1882.

FIG. 2. Bartholow’s7 faradic current source.
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psychosurgery, pain (including phantom limb pain), pal-
lidotomy for abnormal movements, electrocoagulation of
the gasserian ganglion for trigeminal neuralgia and with-
drawal of fluid from cystic tumors. They went on to
develop a stereotactic atlas of the human brain to guide
surgery. With these new tools, surgery could be per-
formed with less than 1% mortality.11

However, even with the development of multiple
frames, atlases, and lesioning techniques, there were (and
are) issues of inaccurate targeting with stereotaxis. This
may be due to differences in topographic relationships
between the structures of interest and the ventricles be-
tween subjects, or it may be due to brain shift from air
entry and cerebrospinal fluid egress during the proce-
dure. Electrical stimulation was used to determine the
proximity of vital structures and thereby avoid them
before creating stereotactic lesions as early as 1951,15,16

if not earlier.17 Long-term recording was used for several
days before creating thalamotomies by 1960.18 True mi-

croelectrode recording with low impedance semi-micro-
electrodes was pioneered by Able-Fessard in 1961.19

These tools, as well as computer modeling, allowed for
the development of neurophysiologic atlases of the hu-
man brain.20,21

There was an explosion of stereotactic functional neu-
rosurgery in the late 1950s, although, even then, the
techniques were embraced more in Europe and Canada
than in the United States.21 Cingulotomy, anterior cap-
sulotomy and subcaudate tractotomy were used for pain
and psychiatric disease as an alternative to the ice-pick
frontal leukotomies performed by Walter Freeman.21

Pallidotomy and thalamotomy were used for Parkinson’s
disease (PD) and dystonia. The stage was set for electri-
cal stimulation for movement disorders and psychiatric
disease with the development of the first totally implant-
able pacemaker by Chardack et al22 in 1960 and the
radiofrequency-driven spinal cord stimulator by Shealy
in 1967.1 However, surgery for PD ground to a halt with

FIG. 3. Early pulse generator.7
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the introduction of L-dopa in 1968.11,17 Surgery for psy-
chiatric disease had been decreasing since the introduc-
tion of chlorpromazine in 1954, and it effectively came
to a halt, at least in most centers in the United States, in
1977, based on the recommendations of the National
Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research.23

There was still some activity in stereotactic and func-
tional neurosurgery, but it became less common and more
restricted to specialty centers working on small numbers of
patients, due to the epidemiology of the diseases considered
and the significant expense required to maintain specialized
operating theaters with equipment for ventriculography and
intraoperative electrophysiology. In the 1950s, temporary
electrodes had been implanted into various brain regions for
the control of pain with good effects from stimulation.24 By
the early 1970s, there were reports of chronic deep brain
stimulation (DBS) systems implanted into the thalamus for
chronic pain.25,26 Medtronic (Minneapolis, MN) estab-
lished its Neurological Division in 1976, focusing on device
development for DBS to treat chronic pain.27 Concurrently,
other groups were working on DBS for the persistent veg-
etative state,28–30 and Irving Cooper was placing electrodes
over the cerebellum and into the deep thalamic nuclei for
cerebral palsy, spasticity, and epilepsy.31

Cooper reported his results from chronic cerebellar
stimulation in over 200 patients in 1977 (reviewed in
reference 30). Although these results were excellent,
there was significant concern about whether the improve-
ments were meaningful, as well as the subjective nature

of his rating scales. The Food and Drug Administration
(FDA) convened a meeting entitled “Safety and Efficacy
of Implanted Neuroaugmentative Devices.” Responding
to these concerns, Cooper performed a short-term, dou-
ble-blind study of cerebellar stimulation for spasticity.
Each night, either a disguised piece of paper or a piece of
aluminum foil (which would block transmission) was
placed between the radiofrequency transmitter and the
receiver. There was no correlation of the opinions of
efficacy between the patients and clinicians and whether
the device was active or not. Although Cooper faulted
the trial design, multiple subsequent trials also failed to
show efficacy. It became clear that there was a significant
placebo effect.
While this was perceived as a significant step back-

ward for Cooper and the field in general, this experience
pointed to an inherent advantage of DBS (i.e., the ability
to perform double-blinded, prospective randomized trials
for a surgical procedure). Although there has been sig-
nificant controversy about the ethics behind performing
sham surgical procedures for fetal transplantation for
PD,32 this is not an issue for DBS, as long as the patient
does not feel paresthesia with stimulation. All patients in
a trial can undergo initial implantation of their system.
Without the patient or the evaluating physician knowing
in which group they are, some of the systems can be left off
for some specified period of time in a crossover design.
Given the strength of the placebo effect in patients with
movement disorders and psychiatric disease,33–35 this is an

FIG. 4. Meyer’s approach to the basal ganglia. (Meyers R. The surgery of the hyperkinetic disorders. In: Vinken PJ, Bruyn GW, eds.
Diseases of the Basal Ganglia. New York: North-Holland Publishing, 1968: 844-878.)
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important, if not essential, tool for demonstrating efficacy if
open label trials seem promising.

THE RESURGENCE OF SURGICAL
TREATMENT FOR MOVEMENT DISORDERS

Although surgery for PD dropped off precipitously
with the advent of L-dopa, many groups continued to
perform thalamotomies for tremor of various etiolo-
gies (reviewed in reference 36). In 1991, both Benabid
et al’s37 and Blond and Siegfried’s38 groups reported
on thalamic DBS for tremor. Subsequent studies found
that thalamic DBS was safer than thalamotomy and
especially bilateral thalamotomy.36 These studies led
to the approval of Medtronic’s Activa system for tha-

lamic DBS for essential tremor and tremor related to
PD in 1997.
There was a gradual realization that L-dopa was not

the magic bullet that it had initially seemed to be.17

Patients were requiring increased and more frequent dos-
ing with motor fluctuations and L-dopa induced dyski-
nesias as their disease progressed. By the 1980s, groups in
Sweden and Mexico were reporting transplantation of au-
tologous adrenal tissue into the brains of patients with PD
via both open craniotomy and stereotactic approaches.39,40

Although the thalamus had been the preferred target for
patients with PD prior to the introduction of L-dopa,17

Laitinen et al.41,42 popularized pallidotomy as the prin-
cipal procedure for patients with advanced, medically

FIG. 5. Spiegel et al.’s12 stereotactic apparatus (side view). R � ring; C � cast of plaster of Paris; M� � millimeter scale on needle
holder; M � millimeter scale for movement in sagittal direction. Reprinted with permission from Spiegel et al. SCIENCE 1947;106:349–50.
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refractory PD in the early 1990s. There were several
reasons for this change: 1) the patients may have had
more advanced disease in the 1990s than in the 1950s
and 1960s since they had failed L-dopa, 2) DeLong
et al’s43 nonhuman primate model pointed to a more
important role in the circuitry of PD for the globus pal-
lildus pars interna (GPi) than the ventrointermedialis
nucleus (Vim) of the thalamus, and 3) better outcome
measures may have detected differences that were ini-
tially missed in the 1950s and 1960s.21

Given the familiarity with DBS for pain at the time, it
did not take long for groups to report on pallidal DBS as
an alternative to pallidotomy.44 Similar to the experience
with thalamic DBS, it became apparent that the risks
associated with pallidal DBS were less than those with
pallidotomy,44–47 leading to the approval of Medtronic’s
Activa system for GPi DBS for PD in 2002.
Concurrently, Pollak et al’s48 group in Grenoble began

working on a new target: the subthalamic nucleus of
Luys (STN). Although the dorsal STN and the zona
incerta had been targeted in the 1960s,49 this region of
the brain had been avoided by most stereotactic surgeons
in the 1950s and 1960s due to fear of causing ballism, a
well described movement disorder after strokes in this
region. However, DeLong et al’s43 experiments led to an
understanding of the importance of the STN in the brain
circuitry involved in PD and a nonhuman primate model
of PD was developed in which to test these ideas, the
N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
monkey.50 It was found that lesions or high-frequency
stimulation of the STN in MPTP monkeys could allevi-
ate tremor, rigidity, and bradykinesia without causing
ballism.51–53 The Grenoble group reported on STN DBS
in a single patient in 1994.48 STN DBS has been found
to be effective for bradykinesia, tremor, and rigidity.54,55

In addition, there is a significant decrease in the amount
of dopaminergic medication needed after surgery.
Medtronic’s Activa system for STN DBS was approved
by the FDA in 2002.
In parallel, as reviewed in Yu and Neimat55 in this

issue, DBS of the GPi and, to a lesser extent, the STN
were explored in the treatment of both generalized and
segmental dystonia. The FDA granted Humanitarian De-
vice Exemption (HDE) for the use of Medtronic’s Activa
system for GPi and STN DBS for generalized and seg-
mental primary dystonia in 2003. Although HDEs are
designed for so-called orphan diseases, where the inci-
dence is so low that it is not feasible to power a pivotal
trial, there has been a recent European, prospective, ran-
domized double-blind trial of GPi DBS for primary dys-
tonia that has shown efficacy.56

Due to the superior safety of GPi and Vim DBS over
pallidotomy and thalamotomy, there has been a gradual
abandonment of lesional techniques in favor of DBS, at
least in the United States.57 In 1996, 336 thalamotomies

or pallidotomies were performed in the United States.
Since 1996, more than 40,000 people worldwide have
undergone placement of Medtronic Activa DBS systems
for PD, essential tremor, and dystonia (personal commu-
nication, Cindy Resman, Medtronic, Inc., Minneapolis,
MN). Of these, the vast majority have been for PD.

WHAT HAPPENED TO DBS FOR PAIN?

As previously noted, between the introduction of L-
dopa in 1968 and the advent of Vim, GPi, and STN DBS
in the early 1990s, DBS was mostly used and explored
for pain. However, in 1989, the FDA withdrew approval
of DBS for pain.17 In response, Medtronic sponsored two
multi-center, open-label trials to demonstrate efficacy of
this technology.58 These trials were completed in 1993
and 1998, but did not show the hoped for efficacy, with
only an approximate 20% response rate. The results were
reported to the FDA, but were not reported in the scien-
tific literature until 2001.

THE FUTURE OF DBS FOR
MOVEMENT DISORDERS

Although there are multiple studies demonstrating ef-
ficacy of DBS for movement disorders, there are still
many questions that require answers. DBS has been
shown to be effective in people with medically refractory
PD in prospective controlled trials in both motor function
and quality of life.55,59 However, it is unclear what the
effects of DBS are on the nonmotor aspects of PD. This
is being rigorously examined by the group at the Uni-
versity of Florida (Clinicaltrials.gov, Identifier No.
NCT00360009). It is still unclear at what point a patient
should be deemed to have failed medical therapy. How
many drug trials are required? Might patients have
better outcomes if they undergo DBS earlier in the
course of their disease before they are no longer able
to work, as is being examined (Clinicaltrials.gov,
Identifier No. NCT00282152 and NCT00354133)?
While there has been one pilot prospective, randomized
trial of GPi versus STN DBS,60 results from the larger
Veteran’s Affairs trial (Clinicaltrials.gov, Identifier No.
NCT00056563) are not available. It is unclear whether
certain subgroups might be more appropriate for one
modality than the other.61

In addition, although there has been one rigorous trial
examining the efficacy of GPi DBS in primary dysto-
nia,56 the reports of DBS for secondary dystonia consist
of small case series.62 Trials are underway to examine
the efficacy of DBS for tardive dystonia (Clinicaltrials.
gov, Identifier No. NCT00331669), and postanoxic
generalized dystonia (Clinicaltrials.gov, Identifier No.
NCT00169338). Although the FDA granted an HDE for
GPi and STN DBS for dystonia, the efficacy of STN
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DBS for primary dystonia has not been demonstrated
rigorously to date.

FUTURE OF DBS FOR OTHER DISORDERS

The knowledge and experience gained with DBS for
the treatment of pain and movement disorders are now
being leveraged and applied to other disorders. As basic
science and functional imaging with MRI or positron
emission tomography suggest roles for discrete areas of
the brain in the pathogenesis of disease states, they are
being considered for neuromodulation via DBS.63,64 The
reversible nature of stimulation is an attractive feature
and clinical conditions that were not believed to be sur-
gically treatable are now being considered suitable for
DBS therapy. Among the most promising new applica-
tions of DBS at present are psychiatric disorders, as
reviewed by Larson65 in this issue. This field is clearly of
great interest due to the epidemiology of these diseases,
especially major depression. There are estimated to be
180,000 people in the United States less than 70 years of
age with PD (unpublished data from reference 66). Of
these, only a small proportion will be candidates for
DBS. However, depression affects more than 18 million
people in the United States.67 Of these, approximately
30% will fail adequate trials of up to four different
classes of antidepressants.68 An additional 35% will fail
electroconvulsive therapy,69 leaving potentially 2 million
Americans with treatment refractory depression.
Medtronic65 and ANS systems (Advanced Neurologic
Systems, Plano, TX; Clinicaltrials.gov, Identifier No.
NCT00367003) are both being used in trials of DBS for
treatment refractory depression.
In addition to psychiatric disorders, DBS has also been

suggested as a potential therapy for hypertension, obe-
sity, and eating disorders. Autonomic changes have been
classically reported in patients with chronic pain receiv-
ing periaqueductal/periventricular grey (PAG/PVG)
stimulation. In a recent report, Green et al.70 have shown
that an increase or decrease in blood pressure could be
induced with DBS in different locations of the PAG/
PVG region in a patient with chronic neuropathic pain.
As for obesity or eating disorders, in spite of anecdotal
reports at meetings, no patients treated with DBS have
been published so far.
Although DBS for pain has been largely abandoned,58

the group from Milan has explored DBS of the posterior
hypothalamus for cluster headache on the basis of
positron emission tomographic studies, which showed
overactivity in this region.64 A recent study has re-ex-
plored DBS for the minimally conscious state after trau-
matic brain injury using a 6-month, double-blind, alter-
nating crossover design.71 In epilepsy, open-label studies
with a small number of patients have been reported with
stimulation of the hippocampus, thalamus, and STN.72 In

addition, prospective, randomized, multicenter studies
are currently being carried out to assess the efficacy of
anterior thalamic nucleus and STN DBS. Results of these
trials are much awaited.

TECHNOLOGICAL FEATURES

Current DBS systems generally include a quadripolar
electrode inserted into the brain, inline extensions run-
ning behind the ear, and an internal pulse generator (IPG)
implanted either on top of or deep to the pectoralis fascia
(FIG. 6).73 Depending on the model, current IPGs can
accommodate either one or two electrodes. The IPG is
then programmed transcutaneously via a PDA-like de-
vice with a magnet. The patient is given a controller with
which to turn the device on and off. Some IPGs can also
be programmed to allow the patient to vary the voltage
within set limits.
It is likely that some technological features of this

therapy will be improved in the near future. Even for
conditions in which a good experience has been acquired
over the years (i.e., PD), the number of hours and re-
sources dedicated to the management of patients treated
with DBS is fairly high. The adjustment of optimal stim-
ulation parameters and the management of postoperative
medication changes are time consuming and require mul-
tiple clinic visits. In the future, we will need to develop
ways of simplifying the process of programming and
adjusting stimulation parameters, as is being developed
with artificial neural networks for spinal cord stimulator
programming.74 The identification of the ideal surgical
candidates and the most responsive clinical symptoms in
each condition, as well as the development of surrogate
electrophysiologic and imaging markers, may all contrib-
ute to improved outcomes and reduce the amount of
postoperative time spent for programming. In addition,
as is currently the case for cardiac pacemakers, the abil-
ity to program DBS devices through remote access, tele-
phone lines or via the Internet might potentially be very
useful.
Another area of recent advance that still requires more

research relates to the power source for DBS. As cur-
rently used for movement disorders, the lifespan of the
batteries used in regular IPGs is in the order of 5 years.75

However, for other applications (e.g., anterior capsule
DBS for obsessive compulsive disorder), the power re-
quired to control the patients’ symptomatology is signif-
icantly higher.76,77 Under these circumstances, the fre-
quent replacement of the batteries is of significant
concern. Rechargeable batteries are now available for the
treatment of pain syndromes with spinal cord stimula-
tion. The number of times the patients need to recharge
the IPG varies according to the usage of the device.
Although no long-term studies have been conducted, the
advertised life span of rechargeable batteries is in the
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FIG. 6. Activa therapy system (courtesy of Medtronic, Inc.). A, Schematic of implantated device. B, Kinetra IPG (Medtronic Inc.) with
two leads. C, Medtronic 3387 DBS electrode. D, physician programmer. E, patient controller.
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order of 10 to 15 years, after which the pulse generator
has to be replaced. Another feature of interest would be
the development of miniaturized pulse generators that fit
within a drilled out trough in the skull.78 This would be
a significant advance in the case of DBS for cervical
dystonia, where there is a high incidence of lead fracture
due to the dystonic neck movements and postures asso-
ciated with the disease.79 Improvements in battery tech-
nology will be required.
In addition to new developments in pulse generators,

newer designs in the electrode arrays, geometry, and
orientation of active contacts may also play an important
part in optimizing the therapeutic efficacy and minimiz-
ing the adverse effects that may be associated with DBS.
For example, paddles with two or three columns of leads
and multiple contacts are now available for spinal cord
stimulation for current sculpting. Different combinations
of contacts might be useful in maximizing the therapeu-
tic effects of stimulation and reducing unwanted current
spread to adjacent structures, which can cause adverse
side effects.
All current systems for DBS deliver continuous stim-

ulation. It is unknown if “closed loop” stimulation,
where the device delivers stimulation based on the local
electrical activity, as is being explored for epilepsy,78

would be useful for other disorders.

IS THERE STILL A ROLE FOR
LESIONAL SURGERY?

There are patients for whom DBS is not an option due
to the expense of the system. The cost of the system
varies from country to country based on healthcare de-
livery systems. The cost to the patient depends on the
medical insurance structure of the particular country.
Medtronic estimates the cost for a bilateral implantation
as $50,000 to $60,000, including the cost of the device as
well as hospital and physician’s fees.80 For patients liv-
ing in remote areas for whom frequent visits for postop-
erative programming are not feasible, lesions are a rea-
sonable option. As a result, there continue to be many
publications, mostly from outside North America and
Europe, regarding thalamotomy, pallidotomy, and sub-
thalamotomy.81–86

Lesions (generally unilateral to decrease the risk) cre-
ated with stereotactic radiosurgery are options for pa-
tients who are poor operative risks due to their general
medical condition or coagulopathy.87–90 Although there
are clearly complications from stereotactic radiosurgery,
as with any procedure, the overall complication rate is
unclear, because many patients who suffer them go to
other centers.91,92

In addition, while there is evidence that bilateral pal-
lidal and thalamic DBS are safer than pallidotomy and
thalamotomy, respectively,36,47 this may not be the case

for other diseases and/or other targets. For example, of
the 32 patients reported to have undergone DBS for
obsessive compulsive disorder (OCD), results have not
been markedly better than for cingulotomy and there has
been one mortality due to suicide.77,93 In addition, pa-
tients suffered acute depression and OCD when their
IPGs became depleted, which was not infrequent, given
the high voltages used.77 Although DBS may be safer
than capsulotomy, it is hard to argue at this time that it is
should replace cingulotomy, given that there were no
deaths and minimal morbidity in the 800 cingulotomies
performed over 40 years at Massachusetts General Hos-
pital,94 and the fact that there is no risk of rebound
phenomenon from battery exhaustion. However, while
industry is likely to support trials to assess the efficacy of
DBS, it will fall to governmental agencies to fund studies
comparing DBS to lesional techniques.

CONCLUSIONS

With any novel technology, a new set of issues arises,
particularly economic costs, and the need for training of
specialized physicians, nurses, and entire teams to deal
with patients with these complex disorders and devices.
Overall, however, DBS has led to improvements in func-
tion and quality of life for many people suffering from
movement disorders. The ability to turn the device on
and off has led to the ability to ethically perform ran-
domized, blinded, crossover trials to assess efficacy.
With functional imaging and basic science techniques
identifying discrete areas of the brain involved with dif-
ferent neurological and psychiatric conditions, the field
will continue to expand into new indications.
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