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Abstract. Recent studies have suggested that memory circuits can be modulated by deep brain stimulation (DBS). This propriety
might be used to slow down cognitive decline in patients suffering from Alzheimer’s disease (AD). We conducted a prospective
study to evaluate the feasibility and safety of DBS in AD patients with mild cognitive decline. Inclusion criteria were: patients
(<70 years old) with AD diagnosed for less than 2 years, predominant impairment of episodic memory, and Mini-Mental Status
Exam (MMSE) score between 20 and 24. The fornix was stimulated bilaterally by electrodes implanted stereotactically in the
hypothalamus. Clinical, biological, neuropsychological, and imaging evaluations were conducted 3 months before surgery and 3,
6, and 12 months thereafter. During the one year-period of inclusion, 110 patients with recently diagnosed AD and predominant
impairment of episodic memory were screened. Only 9 patients (8.2%) fulfilled all the inclusion criteria. Finally, just one patient
accepted to be operated (acceptance rate 11.1%) and completed the study. No complications occurred and the stimulation was
perfectly tolerated. After one year of stimulation, the memory scores (MMSE, ADAS-Cog, Free and Cued Selective Reminding
Test) were stabilized compared to baseline, and mesial temporal lobes metabolism increased. This pilot study provides new data
about the safety of fornix DBS in the hypothalamus. However, it suggests that only a small proportion of AD patients might be
interested in this approach and that the acceptance of DBS by AD patients was low, raising questions about the relevance of this
approach to meet the expectations of these patients.
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INTRODUCTION
In France, a third Alzheimer Plan was launched
in 2008 (French National Plan for “Alzheimer and
∗ Correspondence to: Docteur Denys Fontaine, Service de Neurochirurgie, Hôpital Pasteur, 30 avenue de la voie romaine, 06000
Nice, France. Tel: +33 492038528; Fax: +33 492038450; E-mail:
fontaine.d@chu-nice.fr.

Related Disorders” 2008–2012) [1] strengthening
research on Alzheimer’s disease (AD) and related disorders, promoting earlier diagnosis, and improving
both patient management and support for carers. As
such, the plan encourages clinical centers belonging
to the nationwide network of 27 “memory resource
and research centers” (CMRRs: Centres mémoire de
ressources et de recherche) to submit projects focusing
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on innovative therapeutic work. AD is a slow progressive disorder, with insidious onset and progressive
impairment of episodic memory leading to global cognitive decline including aphasia, apraxia, and agnosia
[2, 3]. No current therapies prevent or cure AD [4].
Pathological processes lead to progressive disruption
of neural network activity with a predilection for neuronal circuits dedicated to memory [2, 3].
In 2007, an international work group (IWG) led by
Bruno Dubois [5] offered a redefinition of AD as a
dual clinico-biological syndrome that can be recognized in vivo, prior to the onset of dementia, on the
basis of i) a specific core clinical phenotype comprised
of an amnestic syndrome of the hippocampal type and
ii) supportive evidence from biomarkers reflecting the
presence of Alzheimer-type pathology. Within the lexicon of the criteria [6], the label of AD is now restricted
to the clinical disorder that starts with the onset of
the first specific clinical symptoms of the disease,
and encompasses both the predementia and dementia phases. Thus, AD refers to the whole spectrum of
the clinical phase of the disease and is not restricted to
the dementia syndrome. The diagnosis is now established in vivo and relies on a dual clinico-biological
entity that requires the evidence of both specific memory changes and in vivo markers of AD pathology that
can include: cerebrospinal fluid (CSF) amyloid-␤, total
tau, and phospho-tau; retention of specific positron
emission tomography (PET) amyloid tracers; medial
temporal lobe atrophy on magnetic resonance imaging (MRI); and/or temporal/parietal hypometabolism
on fluorodeoxyglucose PET. The clinical phenotype
can be typical or atypical. Additionally, two different stages might still be meaningful: a prodromal
and a dementia phase. Recently the National Institute on Aging and Alzheimer’s Association (NIA/AA)
convened work groups that proposed alternative diagnostic formulations for diagnoses of preclinical AD,
mild cognitive impairment (MCI) due to AD, and
AD dementia [7–9]. NIA/AA criteria utilize “MCI” to
describe this state of cognitive compromise that does
not meet criteria for dementia. The clinical criteria for
MCI are the same as those previously published [10].
MCI is an etiologically and prognostically nonspecific syndrome with some patients returning to normal,
some progressing to AD, some progressing to nonAD dementias, and some remaining with MCI for long
periods of time [7, 8]. The NIA/AA criteria have several strengths. They can be used when no biomarkers
are available by applying conventional clinical criteria for MCI. They also have a wider scope than the
IWG/Dubois criteria and allow for biomarker-based

diagnosis of non-AD-related MCI and dementia syndromes.
Very preliminary results showed that memory circuits could be modulated using deep brain stimulation
(DBS) electrodes in human subjects without memory
impairment [11, 12]. Animal studies and electrophysiological and metabolic data have suggested
several mechanisms of action: resetting of hippocampal theta phase, increase of hippocampal neurogenesis,
enhanced long term potentiation, and diffuse reactivation of hypoactive neo-cortical associative regions
belonging to the brain default network [12–20].
This data suggested that DBS could be used as
a symptomatic treatment of memory impairment in
patients with AD. In a recent phase study, chronic DBS
of the fornix led to the stabilization or slowing down
of the memory decline in a few patients with mild
AD, one year after surgery [16]. However, more data
is mandatory to assess the short- and long-term efficacy, the tolerance, and the relevance of this approach
in patients suffering from AD. Considering the invasiveness of DBS, we conducted a prospective study
to assess the feasibility and tolerance of peri-fornical
DBS in a population of mild AD patients.
METHODS
Patients
We conducted a prospective pilot study whose primary objective was to evaluate the feasibility and safety
of DBS of the fornix in the hypothalamus in mild AD
patients with mild cognitive decline. This study has
been granted by the French National AD Plan and
approved by the local ethical committee (Comité de
Protection des Personnes Sud Meditérranée 2).
Patients were screened at the Nice Memory
Resource and Research Centre (CMRR). Patients had
to be under 65 years of age (then extended to 70 by
an amendment of the protocol after 6 months of inclusion). They were also required to meet AD DSM IV
criteria [21], for less than 2 years, with predominant
impairment of episodic memory evaluated by the Free
and Cued Selective Reminding Test (FCSRT) [22] and
Mini Mental State Exam (MMSE) [23] score between
20 and 24. All these tests were done in everyday clinical practice in the center. The following procedure
was applied with all regular patients coming to consultation at the CMRR: When a patient satisfied the
inclusion criteria, the clinician discussed with her/him
(in the presence of the caregiver) his/her interest to
be included in a clinical trial using DBS. During this
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discussion, the clinicians (PR, AD) described state-ofthe-art treatments of AD as well as the potential interest
of DBS.
If the patient and caregiver were interested, a second
consultation was proposed with the neurosurgeon in
charge of the study (DF). During this discussion, the
DBS technique was described in details. Only after
these steps were performed, we proposed to the patient
and caregiver to sign the informed consent.
Patients were not included in the cases of associated
DSM IV axis I pathology, contra-indication to MRI or
surgery, or abnormality on the preoperative MRI. In
vivo markers of AD pathology (MRI and/or CSF and
or PET) were also proposed to the patients.
Clinical assessment
The primary endpoint was the feasibility, defined
as the proportion of patients able to undergo the
whole study protocol (meaning the screening, information, surgery, chronic stimulation, and evaluation
processes) without serious adverse event. The efficacy of fornix DBS was evaluated by several cognitive
scales including the MMSE [23], the FCSRT, the
Alzheimer’s Disease Assessment Scale, Cognitive
Subscale (ADAS-Cog) [24], the Wechsler Adult Intelligence Scale abbreviated version [25], Trail Making
Test (TMT) A and B [26], and the Rey figure [27], at
3 months and one week before surgery, and 3, 6, and
12 months thereafter. Global improvement has been
evaluated by the Clinical Global Impression of Change
[28] of the patient and activities of daily living (ADL)
[28]. Anxiety and mood were assessed respectively
by the Hamilton Anxiety Rating and MontgomeryAsberg depression scales [29, 30]. As the stimulation
was delivered within the hypothalamus, the safety was
assessed by systematic clinical examination, including
supine and standing blood pressure, heart rate, weight,
body temperature, and by recording of any change
in thirst, appetite, libido, sleep-walking cycle and
behavior. Electrolyte balance and hormonal functions
(thyroid hormones, TSH, ACTH, cortisol, SDHEA,
insulin, prolactin, testosterone, estradiol, LH, FSH,
GH, IGF-1) were assessed at each evaluation. Cerebral metabolism was evaluated after 6 and 12 months of
chronic stimulation compared to baseline, by 18 fluoro
desoxy-glucose (18FDG) positron emission tomography. These studies were performed (at baseline, 6 and
12 months after surgery), 200 MBq of 18FDG were
injected and then the images were acquired 30 min
post-injection on a TEP-CT camera (Discovery ST,
GE) using 3D acquisition mode. 18FDG TEP images
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were analyzed using the Scenium® software (Siemens
Medical Solutions, USA). This software allows coregistration of the individual 3D brain PET studies to a
normal data base and provides an automatic template
of regions of interest. Individual SUV values of each
anatomical region of interest (ROI) are compared to
the normal data base values and expressed as number
of standard deviations from the mean normal values.
Surgery and stimulation
A Fischer ZD stereotactic frame was applied to
the patient’s head under local anesthesia the morning of the procedure. Stereotactic T2-weighted and
3D T1-weighted MRI of the brain were obtained and
merged after co-registration. The target was chosen
2 mm anterior and parallel to the vertical portion of
the fornix within the hypothalamus, as previously
described [16]. Electrodes (model 3387; Medtronic,
Minneapolis, USA) were implanted bilaterally under
local anesthesia. Intraoperative stimulation (up to 4 V)
was applied to check the absence of side effects. The
electrodes were then connected to a subcutaneous
pectoral generator (model Kinetra, Medtronic) under
general anesthesia. Permanent stimulation (bipolar
between contacts 0 and 1, frequency 130 Hz, pulse
width 210 ms, voltage 2.5 V) was delivered from the
first postoperative week to the end of the study. The
coordinates of the electrodes stimulating contacts,
relative to the bi-commissural line and plans, were
calculated on postoperative MRI (3D T1 weighted
sequence, slice thickness 1.2 mm). The intra hypothalamic location of the stimulating contacts was studied
using a 3D MRI-based 4.7-Tesla atlas, after projection
of the contacts using the same anatomic landmarks,
i.e., bi-commissural line and related plans, according
to a method already described [31].
RESULTS
During the one year-period of inclusion, 110 patients
with recently diagnosed AD and predominant impairment of episodic memory were screened by the
principal investigator (PR) in a consultation dedicated
to memory disturbances. Only 9 out of 110 patients fulfilled all the inclusion criteria. Other patients were not
included due to being too old (57 cases), MMSE being
too low (12 cases), having dementia of mixed (vascular) origin (16 cases), or other miscellaneous reasons
(16 cases). Four out of 9 patients accepted the idea to
be included in the study but only two of them finally

318

D. Fontaine et al. / Feasibility of DBS in Alzheimer’s Disease

Table 1
Cognitive and behavioral assessment of Mrs PC across the study, 3 months (M-3) and one week (D-7) before surgery and after 3 (M3), 6 (M6)
and 12 (M12) months of continuous stimulation
MMSE (centile 5 = 22)
ADAS-Cog
Digit span
FCSRT

Rey figure (Copy) (m = 32)
DO 80 (cut off = 69)
Stroop test

Trail Making Test (TMT)
Verbal fluency
Six elements (rank) (cut off = 2)
Brixton test (errors) (cut off = 34)
Double task of Baddeley (mu)
WCST (/20) (cut off = 2)
WAIS-R Short version (QI)
Clinical Global Impression
of Change (CGI-I)
ADL Lawton (/8; 8 = autonomy)
Katz’s scale (/6; 0 = autonomy)
Apathy inventory (caregiver)
Apathy inventory (patient)

MADRS (cut off = 15)
HARS (cut off = 30)
Neuropsychiatric inventory

Normal order (m = 5 ± 1.22)
Reverse order (m = 3.51 ± 0.96)
Total immediate recall (/48)
Total differed recall (/16)
(m = 15.2 ± 1.4)

Color (s) (cut off = 110)
Word (s) (cut off = 67)
Interference (s) (cut off = 347)
TMT-A (s) (cut off = 134)
TMT-B (s) (cut off = 284)
Phonemic (m = 14.71 ± 7.56)
Semantic (m = 25.78 ± 5.32)

Emotional blunting
Lack of interest
Emotional blunting
Lack of initiative
Lack of interest

Delusions
Hallucinations
Agitation/aggression
Depression/dysphoria
Anxiety
Elation/euphoria
Apathy/indifference
Disinhibition
Irritability/lability
Aberrant motor behavior
Sleep and nighttime
behavior disorders

M-3

D-7

M3

M6

M12

23
12.25
4
3
27
6

29
9
4
3
39
13

25
9.41

26
10
4
3
17
6

24
9.91
4
2
32
9

30
79
80
58
170
43
109
14
17
4 or 5
19
84.52
3
87
NA

28
79
84
55
135
31
132
10
19
4 or 5
35
68.64
ND
NA

No change

27
78
85
55
142
34
150
13
26
2 or 3
17
90.47
15
87
No change

8
0
0
2
0
6
4
15
10
0
0
2
0
0
0
2
0
2
0
6

8
0
0
0
0
6
4
17
12
0
0
0
0
0
0
0
0
2
0
0

8
0

26
80
76
55
141
51
232
14
22
2 or 3
18
95.12
6
87
Slightly
improved
8
1
0
0
2.5
2.3
3.2
8
14
6
0
0
0
0
0
0
0
4
0
0

38
150
15
20

8
10
0
0
0
0
0
0
0
0
0
0
0

8
1
0
0
0
0
4
10
10
0
0
4
0
0
0
0
0
4
0
0

MMSE, Mini Mental Status Exam; ADAS-Cog, Alzheimer’s Disease Assessment Scale, Cognitive Subscale; FCSRT, Free and Cued Selective
Reminding Test; WCST, Wisconsin Card Sorting Test; WAIS, Wechsler Adult Intelligence Scale; CGI-I, Clinical Global Impression of Change;
ADL, activities of daily living; MADRS, Montgomery-Asberg depression; HARS, Hamilton Anxiety Rating Scale.

signed the informed consent. One patient withdrew her
consent after signature. Finally, only one patient (Mrs.
PC) was operated upon and completed the study.
Mrs. PC was a right-handed female, aged 71. Before
participating in the study, Mrs. PC was referred by her
general practitioner to the Gerontology unit of the University hospital of Nice, for memory complaints. Since
the first consultation in March 2008, Mrs. PC underwent clinical examination as well as global cognitive

assessment. MMSE scores were 28 (March 2008), 24
(March 2009), and 28 (April 2010). In March 2009,
Mrs. PC underwent her first FCSRT whose results
indicated impairment of episodic memory. After information about the DBS study was published in the local
newspaper, Mrs. PC went to the memory consultation spontaneously. She immediately indicated that she
was willing to participate in the study. The first interview with the patient indicated that Mrs. PC presented
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Fig. 1. Location of the electrodes within the hypothalamus. A, B) Antero-lateral (A) and frontal (B) 3D views showing the location of the fourcontact electrodes (blue cylinders) close to the fornices (yellow; manual segmentation); sagittal (A) and coronal (B) MRI slices going through the
hypothalamus are displayed. C, D) Co-registration of the right electrode (according to stereotactic coordinates relative to the midpoint along the
commissural plane) with the stereotactic 3D 4.7-T MRI atlas; perpendicular (C) and parallel (D) reconstructed slices along the electrode axis are
displayed. All the contacts were located near the fornix within the hypothalamus [41]: fornix (Fx); mamillary body within the tuberomamillaris
nucleus (Tm); mamillo-thalamic bundle (Mtb); optic tract (Ot); globus pallidum internus (Gpi); nucleus of the ansa lenticularis (Nal); lateral
(L), dorsal (D), dorso-medial (Dm), paraventriculat (Pv) and pre-optic (Po) hypothalamic nuclei.

an excessive emotionality and anxiety about everyday
things and health problem. However, she did not meet
the DSM IV criteria for personality disorders or anxiety
or depression.
Table 1 shows the results of the full neuropsychological and behavioral examination performance done
after the inclusion, 3 months before the surgery (M-3).
FCSRT scores confirmed episodic memory impairment. Considering both free and cued recalls, there
was an encoding, retrieval, and storage deficit, but it
seemed that Mrs. PC was still capable of learning,
considering the performance rising through the three
successive trials. TMT scores indicated a low cognitive
speed processing and an executive functioning impairment (mental flexibility and switching capacity) (TMT
A p = 30; TMT B p = 75). Structural MRI showed
mild hippocampal bilateral atrophy. The CSF examination indicated presence of amyloidopathy compatible
with the diagnosis of AD (A␤42 = 345 ng/ml, total
tau = 345 ng/ml, p-tau 181 = 78 ng/ml, index A␤42 /

p-tau 181 = 7.49). FDG PET scan showed a discrete
hypometabolism on medial temporal regions.
Surgery was well tolerated. No peri-operative complication occurred. One year after surgery, no change
in behavior and no clinical or biological adverse events
were reported except a discrete increase of irritability.
Postoperative imaging confirmed that the electrodes
were implanted within the hypothalamus, close to the
fornix (Fig. 1).
After surgery, behavioral and cognitive evaluations
remained globally below the normative data for her
age and socio-cultural level, especially for memory
and executive functioning tests, despite fluctuations
(Table 1). Anxiety and mood were slightly improved
but remained dependent on the environment. Her subjective feeling was improved by the surgery. Mrs.
PC’s husband also reported, after an improvement at
month 6, a stabilization of her mood, behavior, and
daily functioning. Changes visually observed on FDG
PET imaging, in particular in the temporal regions,
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DISCUSSION

Fig. 2. PET scans in one AD patient before and after 6 and
12 months of continuous bilateral electrical stimulation of the
fornix/hypothalamus. Representative axial sections suggest a slight
but not significant increase in brain metabolism at 12 months, particularly in both medial temporal lobes.

Fig. 3. 18FDG uptake values expressed as number of standard deviations from the mean values of the Scenium® normal data base. Values
are presented as blue dots at baseline; red squares at 6 months and
green triangles at 12 months. Anatomical ROIs are presented on the
x axis: 1 left frontal lobe, 2 right frontal lobe, 3 left temporal lobe,
4 right temporal lobe, 5 left parietal lobe, 6 right parietal lobe, 7 left
cingulate and paracingulate gyri, 8 right cingulate and paracingulate
gyri, 9 left occipital lobe, 10 right occipital lobe, 11 left calcarine
fissure and surrounding cortex, 12 right calcarine fissure and surrounding cortex, 13 left basal ganglia, 14 right basal ganglia, 15 left
mesial temporal lobe, 16 right mesial temporal. These data show
that 18FDG uptake increased with time in the mesial temporal lobes,
especially on the left side.

were considered as non-significant (Fig. 2). However,
on quantitative analysis, mesial temporal FDG uptake,
expressed in standard deviations from the normal data
base mean values, increased from baseline at 6 and
12 months (Fig. 3). On the left side, mesial temporal
18FDG uptake value was equal to −0.9 SD from the
normal data base value at baseline and improved after
6 months (−0.5 SD) and after 12 months (+0.7 SD).
On the right side, the mesial temporal 18FDG uptake
value was equal to +0.1 SD from the normal data base
mean value at baseline and improved after 6 months
(+0.7 SD) and after 12 months (+1.2 SD).

Our study added data concerning the feasibility and
tolerance of fornix DBS in patients suffering from mild
AD. However, in the light of our data, our current inclusion criteria appear too restrictive and might limit this
symptomatic treatment to a small proportion of AD
patients.
Feasibility and safety
Our data has shown that, although most of the
screened patients were able to undergo the process of
selection and information about the technique, only
one (0.9%) was finally operated upon. In this patient,
the surgery, the chronic stimulation, and the evaluation process were feasible and well tolerated. The
anatomical study of the electrodes location confirmed
their implantation within the hypothalamus (Fig. 3).
No adverse event due to fornix chronic DBS has been
reported so far in the literature, but only 8 patients
have been operated upon [11, 16], including our case.
Although DBS of the posterior, ventro-medial, and
ventro-lateral hypothalamus can induce autonomic,
oculomotor, behavioral, or emotional responses in
humans [32–37], DBS of the fornix within the hypothalamus appears to be safe when using stimulation
amplitudes inferior to 5 V [11, 16], even in old patients
suffering from AD.
Clinical effect
Our study was not designed to assess the efficacy
of DBS in AD, especially in controlled conditions.
However, cognitive scores of our patient were stabilized after one year of chronic stimulation compared to
baseline, although these scores were declining before
surgery. Mrs. PC’s clinical characteristics were compatible with a diagnosis of AD at the pre-dementia
phase. Results of the FCSRT demonstrated a specific amnesic syndrome, and there was also supportive
evidence from biomarkers reflecting the presence of
Alzheimer-type pathology. However, there was no
major activity of daily living impairment. In addition,
the pre-inclusion follow-up showed cognitive fluctuations but not a major and rapid decline. This is also
consistent with the diagnosis of MCI according to
the NIA/AA criteria [7]. After a global improvement
one week before the surgery, the patient’s cognitive
performances worsened 6 months after surgery and
returned to their initial level 12 months after surgery.
In parallel, there was no major change in behavior
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and mood. The personality characteristics of Mrs.
PC certainly played a role to facilitate her involvement in the study and might only partially explain the
transient improvement observed one week before the
intervention. However, they cannot explain the overall cognitive performances during the postoperative
follow-up. We cannot exclude that the stabilization of
cognitive decline was due to spontaneous evolution of
the disease. However, PET imaging was in favor of an
improvement of mesial temporal metabolism due to
DBS. Although this improvement was slight, it appears
reliable due to its consistent evolution during time;
whereas in other ROIs such as temporal and parietal
lobes, the uptake values remained stable around 1 SD
below the normal values. Such an improvement is not
common in spontaneous AD evolution. Taken together,
these results and the good tolerance of DBS in AD
patients were encouraging.

Patient selection and acceptance of DBS approach
Our study showed that only 8.2% of the ongoing
AD patients might be eligible for DBS, considering
our inclusion criteria. Because the concept of DBS
of the fornix (part of the Papez’ circuit) is to modulate neural circuits involved in memory, we restricted
this approach to AD patients with predominant impairment of episodic memory. In pioneer studies, fornix
DBS predominantly improved verbal recollection [11]
and the recall and recognition components of the
ADAS-cog [16]. Other cognitive dimensions, including apraxia and alertness, might be modulated by DBS
targeting the nucleus basalis of Meynert (NBM) [38,
39]. Inclusion in our study was restricted to patients
with mild (MMSE ≥20) and recently diagnosed AD.
This was decided following the results of Laxton et
al. who reported that the less severely affected patients
were the less likely to decline after DBS [16]. This was
consistent with the notions that better-preserved circuit
integrity, as may be expected in milder patients, may
be a predictor of response to DBS. For the same reason,
patients over 65 years old were initially not included,
but we observed that this was the main limiting factor for recruitment, excluding an excessive number
of otherwise eligible patients. Our memory center is
located in a geriatric department and this may explain
that patients coming in consultation were often older
than 65. Actually, it was only after authorization of
the amendment to include patients between 65 and 70
years old by the ethical committee that we selected the
patients fulfilling all the inclusion criteria.
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Public information concerning the study was twice
advertised in local newspapers. Following these advertisements, a non-negligible number of patients came to
the consultation specifically to be included in the study.
However it was not possible to include them, due to age
and severity of dementia criteria. In addition, the complete description of the study procedure also reduced
the number of patient willing to participate. Only 5 out
of the 9 eligible patients accepted to meet the neurosurgeon for the second consultation. Finally only one
patient was operated upon and completed the study,
which accounted for 0.9% and 11.1% of the screened
and eligible patients respectively.
The acceptance rate of this approach by mild AD
patients was consequently 11.1%, which was low considering the lack of alternative efficient treatment. This
result contrasted with the relatively good acceptance of
the surgical approach by the families and caregivers. In
our opinion, this low acceptance rate might be explain
by the invasiveness of the technique on one hand,
and the patients’ anosognosia and denial concerning
the ineluctable cognitive decline on the other hand,
which resulted in an underestimation of the benefit/risk
ratio. Moreover DBS was presented as a symptomatic
treatment whose aim was to transiently stabilize the
memory decline, but not to improve memory or to cure
the disease. Finally, the lack of data from large studies and the random efficacy in the pilot study probably
decreased the patients’ acceptance for the surgery.
Perspectives
Despite the simplified implantation technique, the
good tolerance of surgery and chronic fornix DBS,
this approach did not seem to reach the expectations
of mild AD patients. This issue might be similar with
other DBS targets, but might be tempered if other cognitive aspects could be also improved, as it has been
suggested for NBM-DBS. However, neuronal degeneration of the NBM occurs early in the course of
the disease, making dubious the long-term interest of
NBM-DBS. Stimulation of other targets belonging to
the memory circuits, such as the anterior nucleus of the
thalamus [40] and the entorhinal cortex [17], enhanced
memory performances in rodents, but have not been
used in patients with dementia. Our PET study showed
an increased metabolism in the mesial temporal lobes
following DBS of the fornix, concordant with previous
data [11, 16]. These findings suggest that DBS could
act through antidromic stimulation of the hippocampus, which could lead to the facilitation of processes
driving memory encoding and/or to the increase of
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hippocampal neurogenesis, similar to DBS of other
targets belonging to the Papez’ circuit [17, 18, 40].
The benefit/risk ratio of DBS might be more favorable in early stages of AD or in patients suffering from
MCI because the memory circuits integrity may be preserved for a long time and, as they are usually younger,
surgical risks may be lower. However, spontaneous
evolution of cognition in MCI is unpredictable and
benefit from DBS at this stage may be questionable.
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