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Abstract Alzheimer’s disease is a major worldwide

health problem with no effective therapy. Deep brain

stimulation (DBS) has emerged as a useful therapy for

certain movement disorders and is increasingly being

investigated for treatment of other neural circuit disorders.

Here we review the rationale for investigating DBS as a

therapy for Alzheimer’s disease. Phase I clinical trials of

DBS targeting memory circuits in Alzheimer’s disease

patients have shown promising results in clinical assess-

ments of cognitive function, neurophysiological tests of

cortical glucose metabolism, and neuroanatomical volu-

metric measurements showing reduced rates of atrophy.

These findings have been supported by animal studies,

where electrical stimulation of multiple nodes within the

memory circuit have shown neuroplasticity through stim-

ulation-enhanced hippocampal neurogenesis and improved

performance in memory tasks. The precise mechanisms by

which DBS may enhance memory and cognitive functions

in Alzheimer’s disease patients and the degree of its clin-

ical efficacy continue to be examined in ongoing clinical

trials.
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Abbreviations

AD Alzheimer’s disease

ADAS-Cog Alzheimer’s disease assessment scale-

cognitive subscale

DBS Deep brain stimulation

FDG Fluorodeoxyglucose

MMSE Mini-mental state examination

NBM Nucleus basalis of Meynert

PET Positron emission tomography

QALY Quality-adjusted life year

sLORETA Standardized low-resolution electromagnetic

tomography

STN Subthalamic nucleus

Introduction: scope of the problem

Alzheimer’s disease (AD) is a neurodegenerative disorder

and the major cause of dementia. There are no effective

therapies. It is characterized pathophysiologically by

hyperphosphorylated tau protein that generates neurofib-

rillary tangles, deposition of fibrillar forms of amyloid beta

protein, neuronal and synaptic loss, and defects in neuro-

transmission (Zibly et al. 2014; Watt et al. 2013; Buckner

et al. 2005; Querfurth and LaFerla 2010; Palop and Mucke

2010). Pathological studies have revealed that these pro-

cesses result in atrophy in widespread brain regions,

including frontal, temporal, and parietal areas, but with a

predilection for neural circuits serving memory, including

the circuit of Papez (Sperling et al. 2010). Both morpho-

logical and volumetric structural changes, particularly in

the entorhinal cortex and hippocampus, have been shown

by neuroimaging to predate AD symptoms and track with
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disease severity (Petersen and Jack 2009). Furthermore,

these structural alterations are coupled with functional

disturbances, as seen with regional reduction in glucose

metabolism in the temporal lobe and posterior cingulum on

positron emission tomography (PET) and single photon

emission computed tomography in patients early in the

disease (Smith et al. 1992; Minoshima et al. 1997; Reiman

et al. 1996).

Clinically, these neural substrate alterations produce a

progressive disturbance in cognitive functions, particularly

those involving memory. There are three categories in AD

diagnosis—possible, probable, and pathophysiologically

proven AD (McKhann et al. 2011)—with the core clinical

criteria of probable AD as follows: (1) declining function

in various cognitive domains, such as memory, reasoning,

judgement, executive function, not attributable to delirium

or other major psychiatric disorder; (2) gradual onset; (3)

cognitive worsening over time; (4) initial and most

prominent cognitive deficits are amnestic (most common)

or non-amnestic (language, visuospatial or executive dys-

function), and (5) no concomitant disease with substantial

effect on cognition. Possible AD applies to cases with an

atypical course or mixed etiology (McKhann et al. 2011).

Pathophysiologically proved AD is restricted to cases that

satisfy criteria for probable AD and have characteristic

pathologic findings of widespread neocortical neuritic

plaques and neurofibrillary tangles (McKhann et al. 2011).

Alternatively, possible and probable AD may be supple-

mented with the descriptor ‘‘with evidence of AD patho-

physiologic process.’’ This refers to two categories of AD

biomarkers: (1) amyloid beta protein deposition, marked by

low cerebrospinal fluid Ab42 and positive PET amyloid

imaging, and (2) downstream neuronal degeneration or

injury, marked by elevated cerebrospinal fluid tau,

decreased fluorodeoxyglucose (FDG) uptake in temporal–

parietal cortex on PET, and disproportionate atrophy on

MRI in medial, basal and lateral temporal lobe and medial

parietal cortex (McKhann et al. 2011; Blennow 2004).

Despite this progress in understanding its pathogenesis

and diagnosis, however, there are no current therapies to

prevent, arrest, or cure AD (Ihl et al. 2015). Management

options are limited to medications to potentiate cholinergic

pathways (acetyl-cholinesterase inhibitors: donepezil,

galantamine, rivastigmine) and modulate glutamatergic

pathways (N-methyl D-aspartate receptor blockers:

memantine) (Qaseem et al. 2008). At the same time, the

number of people affected by AD continues to grow, from

26.6 million in 2006 to 36 million in 2014, with a pro-

jection to quadruple in number by 2050 (Brookmeyer et al.

2007). Novel therapeutic strategies are therefore urgently

needed for patients with AD (Qaseem et al. 2008; Ihl et al.

2015).

Electrical neural stimulation for Alzheimer’s
disease

Alzheimer’s disease, in addition to being a neurodegener-

ative disorder, can be considered a neural circuit disorder

since it affects several integrated pathways linking specific

cortical and subcortical sites, especially those serving

aspects of memory and cognition. Consequently, there has

been growing interest in modulating the activity of these

dysfunctional circuits in order to maximize their function

(Laxton et al. 2010, 2014; Laxton and Lozano 2013;

Sharma et al. 2015).

Among the earliest targets for electrical stimulation in

AD was the nucleus basalis of Meynert (NBM). AD results

in severe atrophy of the basal forebrain cholinergic system,

particularly within the NBM, leading to a reduction of

cholinergic innervation of the neocortex and hippocampus

(Davies and Maloney 1976; Grothe et al. 2012; Pearson

et al. 1983; Whitehouse et al. 1982). This cholinergic

denervation is considered integral to the pathophysiologi-

cal cascade of cognitive decline in AD (Schliebs and

Arendt 2011). In 1984, attempting to augment the

remaining cholinergic tone to the cortex and increase

associated cortical metabolic activity, Turnbull et al.

(1985) implanted DBS into the left NBM of a 74-year-old

man with probable AD. Targeting was planned according

to a cadaveric study prior to the procedure with final

coordinates being 8 mm posterior to the anterior commis-

sure, 11 mm lateral to midline, and 5 mm below the

intercommissural line. At the procedure, the authors con-

firmed the diagnosis by biopsy, which revealed senile

plaques, neurofibrillary tangles, and amyloid angiopathy.

Postoperative CT demonstrated the lead at the target and

stimulation parameters were 3 V, 50 Hz, 210 ls, cycling

between 15 s on and 12 min off. After 8 months of stim-

ulation, the authors concluded no clinical response, though

they did not use detailed neuropsychological assessments

with standardized measures. Perhaps more importantly,

however, the authors did show an effect on cortical glucose

metabolism. Comparing FDG-PET studies 4 months prior

to the operation vs. 2 months after stimulation (6 months

interval), the unstimulated right hemisphere showed

reduced glucose use of 21, 24, 10, and 7.5 % in the frontal,

temporal, parietal, and occipital lobes, respectively, while

the stimulated left hemisphere showed reduction of only

12 % in frontal and 4 % in the occipital lobes, no change in

the parietal lobe, and an increase of 1.5 % in the temporal

lobe. In other words, despite concluding no clinical

response, they demonstrated a possibly pathophysiologi-

cally relevant biological effect.

Subsequently, the next case study of NBM DBS for AD

was not until 2009, when Freund et al. (2009)
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simultaneously implanted bilateral NBM and STN elec-

trodes for a patient with Parkinson’s disease dementia, with

the goal of addressing both the motor and cognitive aspects

of his condition. Target coordinates for NBM were slightly

different: 12.5 mm lateral to the third ventricle wall, 4 mm

posterior to the anterior commissure, and 5 mm below the

intercommissural line (Fig. 1a). This placed the ventral two

electrode contacts within NBM: stimulation configuration

was set with both of these contacts as cathodes and the case

as anode, with parameters of 1 V, 20 Hz, and 120 ls. STN

DBS was initiated first and resulted in improved motor

function, but cognitive impairment was unchanged. After

NBM stimulation was initiated, the patient experienced

almost immediate cognitive improvement as demonstrated

in multiple tasks, including the Rey Auditory Verbal

Learning test, the clock drawing task and the trail making

task-part A. This was maintained in testing sessions over

the next 2 months while stimulation was on. The necessity

of NBM stimulation for this improvement was demon-

strated when the authors subsequently turned off the

stimulator for 1 week and then turned it back on without

informing the patient. With NBM DBS off, the patient

returned to his baseline poor cognitive state; with the NBM

DBS on, the patient regained his cognitive improvement as

before. These promising results led these authors to initiate

a phase I trial of NBM DBS in six patients with mild to

moderate AD, which has recently been completed and

published (Kuhn et al. 2015).

Briefly, this was a phase I study of bilateral low-fre-

quency DBS of the NBM, with a 4-week double-blind

sham-controlled phase (three patients with 2 weeks ON

followed by 2 weeks OFF, three patients with 2 weeks

Fig. 1 Nucleus basalis of

Meynert DBS for Alzheimer’s

disease. a Axial and coronal

magnetic resonance images

show DBS lead position in the

lateral and posterior portion of

NBM in patients four, five, and

six from the phase I study of

NBM DBS for AD (Kuhn et al.

2015). Yellow-optic tract;

peach-anterior commissure;

other colors-subdivisions of

NBM. b Cerebral glucose

utilization (normalized to

cerebellum) as measured by

FDG-PET in patients four, five,

and six relative to an age-

matched control collective

(Higgins and Mufson 1989).

Note the parieto-temporal

hypometabolism on pre-

operative scans, typical for AD.

Glucose consumption improved

for these patients after 1 year of

DBS. Heat gradient indicates

glucose utilization as a z value

relative to control.

Figure adapted with permission

from Kuhn et al. (2015)
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OFF followed by 2 weeks ON), then an 11 months follow-

up open label period (Kuhn et al. 2015). The primary

outcome measure was change in Alzheimer’s disease

assessment scale–cognitive subscale (ADAS-Cog) (Rosen

et al. 1984), which worsened by an average of three points

over 1 year, representing a non-significant change. Four of

six patients were considered responders based on a

stable or improved ADAS-Cog score at 1 year. Mini-

mental status examination (MMSE) was a secondary out-

come measure and this also showed no change on average

over 1 year. These results point to a rather slow disease

progression during the year of stimulation. Additionally,

FDG-PET studies showed a global increase of 2–5 % in

cortical glucose metabolism, most pronounced in the

amygdalo-hippocampal and temporal regions, in three of

four patients examined by PET under DBS (Fig. 1b). This

is in contrast to the untreated course of AD, characterized

by an average decrease of FDG uptake of 5.2 % per year

(Lo et al. 2011).

NBM DBS for AD is also supported by mechanistic

studies in animals. In awake behaving rats, the nucleus

basalis system has been shown to play a key role in neo-

cortical arousal by both directly activating the neocortex

and suppressing rhythm generation in the reticular

nucleus–thalamocortical circuit; deprivation of cholinergic

input in these rats compromised information transmission

to the cortex (Buzsaki et al. 1988). Furthermore, stimula-

tion of the nucleus basalis in rats has been shown to drive

massive reorganization of auditory receptive fields when

paired with auditory stimuli, demonstrating the importance

of the cholinergic forebrain in cortical learning and plas-

ticity (Kilgard and Merzenich 1998).

A serendipitous finding and new DBS target
for AD

In 2002, as part of a trial assessing the hypothalamus as a

DBS target for obesity, a 50-year-old man with life-long,

treatment-resistant obesity and normal cognitive function

underwent bilateral hypothalamic DBS (Hamani et al.

2008). During the procedure, stimulation of electrode

contacts on either side (3–5 V, 130 Hz, 60 ls) evoked

vivid deja-vu experiences that the patient relayed as

detailed autobiographical memories. He reported the sud-

den perception of being in a park with friends: he was

around 20 years old and able to recognize his epoch-ap-

propriate girlfriend. As stimulation intensity was increased

from 3 to 5 V, the patient reported that the details in the

scene became more vivid. These same perceptions were

obtained during multiple sequential on–off trials conducted

in a blinded manner, with all perceptions time-locked with

stimulation and specific to the electrode contact and

threshold stimulation parameters. A neuropsychological

assessment battery conducted pre- and post-operatively as

part of the trial further validated the memory-enhancing

effects of stimulation. After 3 weeks of continuous

hypothalamic DBS, there were significant improvements

on the California Verbal Learning Test (above the 95 %

confidence interval for reliable change), which tests word

list memory, and the Spatial Associative Learning test

(postoperative score improved [1.5 standard deviations),

another test of declarative memory. To localize the stim-

ulation site responsible for these changes, the Medtronic

FrameLink system (Medtronic, Minneapolis, MN, USA)

was loaded with postoperative images to calculate the

stereotactic coordinates of the active DBS contacts. These

coordinates were then plotted on the Schaltenbrand–Wah-

ren brain atlas (Schaltenbrand and Wahren 1977) and

estimated to be adjacent to the columns of the fornix

(Fig. 2a). The fornix is a major fiber bundle within the

memory circuit of Papez that interconnects the subiculum

and hippocampus to the mammillary nuclei and septal area,

and is thereby a fundamental structure in the neuroanatomy

of declarative memory (Tsivilis et al. 2008). Fornix lesions

produce severe memory impairments (Browning et al.

2010; Wilson et al. 2008). Notably, the progression to AD

has been tightly associated with axonal degeneration and

dysfunction in the fornix (Mielke et al. 2012). Based on

these observations, a hypothesis was put forth: fornix DBS

could be applied in patients with dementia in order to

augment activity within the circuit of Papez and restore

memory and cognitive function. This hypothesis was tested

in a phase I clinical trial of fornix DBS in patients with

mild AD (Laxton et al. 2010).

The phase I trial of fornix DBS enrolled six patients with

mild to moderate AD. These were considered the most

suitable candidates for DBS due to relative preservation of

structural integrity within this memory circuit early in the

disease. Leads were placed 2 mm anterior to the fornix

with a trajectory parallel to the columns of the fornix, with

the most ventral contacts 2 mm above the dorsal surface of

the optic tract, *5 mm lateral to the midline (Fig. 2a)

(Laxton et al. 2010). Based on the results from the original

case study in a obese patient, ventral contacts were stim-

ulated in monopolar configuration at 3–5 V, 130 Hz, and

90 ls. Functional imaging, including pre- and postopera-

tive FDG-PET studies and postoperative standardized low-

resolution electromagnetic tomography (sLORETA), was

performed (Fig. 2b, c) (discussed in detail below). Exten-

sive neuropsychological and clinical assessments were

conducted before and at 1, 6, and 12 months after surgery.

The study tracked changes in ADAS-Cog and MMSE

scores as primary outcome measures for the effects of

fornix DBS on AD disease severity (Laxton et al. 2010). At

1 month after surgery, three patients showed slight
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worsening (increased ADAS-Cog score) and three patients

showed mild improvement compared to 1 month prior to

surgery, demonstrating that surgery was well tolerated.

After 6 months of stimulation, four of six patients showed

improvement in ADAS-Cog scores ranging from 1.3 to 4

point reductions. By 12 months, one patient continued to

show improved ADAS-Cog score (4.4 point reduction) and

the other five had slightly worsened scores (increase of 2

points in two patients, 5 points in one patient, and [5

points in two patients). Overall, this represented a mean

increase across the six patients of 4.2 points in the ADAS-

Cog over 12 months, which compares favorably with his-

torical figures in AD patients suggesting a mean increase of

6–7 points per year, with a range of 3–10 points per year

(Mayeux and Sano 1999; Ito et al. 2010). Changes in

MMSE scores (Folstein et al. 1975) were also tracked from

baseline to 12 months. Comparing the rate of decline in the

11 months preceding surgery to the 11 months after sur-

gery, there was a decrease in the rate of decline from a

mean of 2.8–0.8 points per year across the six patients. This

favors comparably to the average expected rate of decline

of three points per year in the AD population (Mayeux and

Sano 1999; Ito et al. 2010). Still, although these results

appear promising, they should be treated cautiously: the

rate of change in both ADAS-Cog and MMSE scores in

AD is variable and nonlinear, which together with the

small number of patients in this study, precludes conclu-

sions about efficacy. This study did, however, show that

fornix DBS was well tolerated and safe in the AD popu-

lation: no patient developed seizures, sleep disturbances,

weight changes, hypothalamic dysfunction, or metabolic or

endocrine alterations during 1 year of DBS. The results of

the phase I trial prompted a double-blind, randomized

controlled phase II trial of fornix DBS for AD, in which

patients are randomly assigned to early vs. 6-month post-

operative initiation of stimulation, to better address effi-

cacy. This study (NCT01608061) is nearing completion.

Two other studies of fornix stimulation, conducted by

independent groups, corroborate these findings. Fontaine

et al. (2013) performed chronic bilateral fornix DBS in a

single patient with early AD and demonstrated stabilization

of several clinical measures of memory and cognition

(ADAS-Cog, MMSE, Free and Cued Selective Reminding

test) for up to 1 year. Koubeissi et al. (2013) performed

low-frequency stimulation of the fornix using depth elec-

trodes implanted in 11 patients with intractable epilepsy

and found that MMSE scores improved over a 4-h period.

However, neither study was controlled so the results should

be interpreted cautiously.

DBS for AD proof of concept: neurophysiological
changes

The significance of these early trials of DBS for AD,

beyond promising clinical results, was the demonstration of

long-lasting neurophysiological changes in pathologically

relevant neural circuits. Standardized low-resolution elec-

tromagnetic tomography (sLORETA) is a functional

imaging modality based on electroencephalographic source

localization. It presents blurred images of statistically

standardized current density distributions on a cortical grid

of [6200 voxels with accurate localization (Pascual-Mar-

qui 2002). This can be used to map brain areas affected by

Fig. 2 Fornix DBS for Alzheimer’s disease. a Sagittal magnetic

resonance image shows DBS lead positioned anterior and parallel to

the columns of the fornix within the hypothalamus. The proximity to

the fornix can be estimated with the lead projected onto a stereotactic

atlas 3.5 mm from the midline. b An averaged standardized low-

resolution electromagnetic tomography (sLORETA) three-dimen-

sional reconstruction during fornix/hypothalamic stimulation shows

activation of ipsilateral hippocampal structures with latency of

*50 ms after stimulation in six patients. c Positron emission

tomography scans of glucose metabolism with voxel-wise (SPM5)

results displayed on a three-dimensional magnetic resonance render-

ing of a representative subject showing comparison of AD patient vs.

control (top), 1 month of DBS vs. baseline (middle), and 1 year of

DBS vs. baseline. Blue represents areas of decreased and red areas of

increased glucose metabolism, scaled to mg/100 g tissue/min.

Figure adapted with permission from Laxton et al. (2010)
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deep brain stimulation. In the original case study of DBS in

the obese patient, sLORETA revealed that fornix stimula-

tion resulted in localized changes in the activity of ipsi-

lateral mesial temporal lobe structures, mainly the

hippocampal formation and the parahippocampal gyrus

(Hamani et al. 2008). These findings were corroborated and

further dissected in the phase I study (Laxton et al. 2010).

sLORETA showed temporally specific activation of

downstream projection structures with fornix stimulation.

The peak of the first significant evoked response after

stimulation was localized to the ipsilateral hippocampus

and parahippocampal gyrus, with a latency of 38–52 ms,

followed by significant activation of the ipsilateral cingu-

lum and precuneus area of the parietal lobe, at latencies of

102–256 ms (Fig. 2b). These results demonstrate that for-

nix stimulation produces direct and trans-synaptic

sequential activation of downstream targets within the

memory circuits affected in AD.

In addition, FDG-PET was used in the phase I fornix DBS

study to measure quantitative and topographic changes in

cerebral glucose metabolism, allowing visualization of

activity changes in brain networks, pre- vs. postoperatively

(Fig. 2c). Preoperative scans of the participants showed

expected decreases in temporal–parietal glucose metabolism

compared with healthy controls, consistent with character-

istic findings in AD. However, at 1 month postoperatively

(2 weeks after stimulation initiated), glucose metabolism in

temporal–parietal regions was increased in comparison to

preoperative scans. Increased metabolism was also seen in

primary sensory and motor areas and the cerebellum, while

decreased metabolism was seen in some frontal cortical

areas, the left caudate, and the medial dorsal nuclei of the

thalamus. Importantly, the increased metabolism in the

temporal–parietal areas was maintained with chronic fornix

DBS at 1 year postoperatively. Fornix DBS was therefore

able to induce large and sustained neurophysiological

changes in cognitive and limbic brain regions adversely

affected in AD. These findings help to reshape our traditional

concept of the DBS target—from a single anatomical

structure to an access point to an integrated neuronal circuit.

DBS for AD proof of concept: neuroanatomical
changes

Neurogenesis persists in the adult hippocampal dentate

gyrus in both rodents (Aimone et al. 2014; Jessberger and

Gage 2014) and humans (Eriksson et al. 1998). In rodent

studies, DBS of several nodes of the memory circuit,

including the anterior nucleus of the thalamus (Hamani

et al. 2011; Encinas et al. 2011; Toda et al. 2008), the

hippocampus (Bruel-Jungerman et al. 2006; Derrick et al.

2000), and the entorhinal cortex/performant path (Stone

et al. 2011; Chun et al. 2006; Kitamura et al. 2010),

stimulates increased neurogenesis in the dentate gyrus.

Intriguingly, evidence suggests that stimulation-induced

neurogenesis following DBS of either the entorhinal cortex

(Stone et al. 2011) or anterior nucleus of the thalamus

(Hamani et al. 2011) may have memory enhancing effects.

Based on these animal studies and the sustained increase

in cortical glucose metabolism observed in AD patients

with fornix DBS (Laxton et al. 2010), Sankar et al. (2015)

hypothesized that fornix DBS might induce neuroanatom-

ical changes within the memory circuits. The study, a

follow-up analysis of the phase I fornix DBS trial, quan-

titatively analyzed serial structural MRI scans obtained

1 day and 1 year after fornix DBS in the six study patients.

The volumes of the hippocampus, fornix and mammillary

bodies were measured at two time points by manual seg-

mentation. In addition, using deformation-based mor-

phometry, the study looked in a hypothesis-free manner for

brain-wide structural changes. Remarkably, in contrast to

expected progressive atrophy of the hippocampus which

characterizes AD, two of six patients showed increases in

bilateral hippocampal volume after 1 year of fornix DBS

(Sankar et al. 2015). Furthermore, these two patients also

demonstrated the least atrophy in the fornix and mammil-

lary bodies. Volume changes in fornix and mammillary

bodies were highly correlated with hippocampal volume

change across all study patients, suggesting a circuit-wide

structural effect. The two patients with hippocampal

enlargement also had the least deterioration in ADAS-Cog

score, with a trend towards a significant correlation

between percentage change in hippocampal volume and

percentage change in ADAS-cog score across the study

population. There was a significant correlation between

percentage change in hippocampal volume and percentage

change in hippocampal glucose metabolism, suggestive of

a trophic mechanism for hippocampal enlargement. Addi-

tionally, deformation-based morphometry revealed several

clusters of volume expansion throughout the brain at the

group level with fornix DBS, including several areas

known to atrophy in AD, such as the bilateral parahip-

pocampal gyri, right superior temporal gyrus, left inferior

parietal lobule, and bilateral precuneus (Sankar et al.

2015). Finally, the study showed that hippocampal volume

loss over 1 year was significantly higher in a well-matched

cohort of AD patients not receiving fornix DBS compared

to the six study patients (-9.5 ± 1.2 vs. -2.6 ± 3.3 %;

p = 0.027). These findings represent the first evidence of

structural plasticity in the human brain with DBS and are

further supported by the aforementioned animal studies.

Moving forward, these results should be validated by

independent groups and in larger cohorts of patients (e.g.

patients from the phase II fornix DBS for AD trial now

nearing completion).
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Conclusions

Alzheimer’s disease is a major worldwide health problem

with no effective therapy. It is associated with significant

costs to the individual and society. A recent cost-effec-

tiveness study found that the clinical and economic

thresholds required for DBS to be considered cost-effective

for AD are relatively low (Mirsaeedi-Farahani et al. 2015).

Compared to standard treatment, DBS needs only a success

rate of 3 % to overcome effects of potential surgical

complications on quality of life. At a success rate of 20 %,

DBS can be considered cost-effective for mild AD at the

price of $200K per quality-adjusted life year (QALY),

while at success rates of 74 %, that price drops to $50K/

QALY. Above 80 % success rate, DBS is both clinically

more effective and more cost-effective than standard

treatment (Mirsaeedi-Farahani et al. 2015). Indeed, phase I

trials of DBS for AD, targeting either the fornix (Laxton

et al. 2010) or NBM (Kuhn et al. 2015), have shown that

DBS is safe and well tolerated in AD patients, with

promising early data for cognitive improvement. Func-

tional imaging revealed that DBS can modulate neuronal

activity within memory circuits and alter pathological

cortical physiology (Figs. 1b, 2c). Remarkably, new evi-

dence suggests the potential for long-term structural plas-

ticity, including hippocampal enlargement, invoked by

fornix DBS (Sankar et al. 2015). Consistent with these

promising early trials, the clinicaltrials.gov registry shows

five ongoing clinical trials of DBS for AD, including a

phase II trial of fornix DBS nearing completion

(NCT01608061). Further investigation of DBS for AD is

clearly warranted and underway.
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