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Abstract
Objectives
Nucleus basalis of Meynert deep brain stimulation (NBM-DBS) has been proposed for patients
with dementia. Here, we aim to assess the safety and effects of NBM-DBS in patients with Lewy
body dementia (LBD), in a randomized, double-blind, crossover clinical trial.

Methods
Six patients with mild to moderate LBD (mean [SD] age, 62.2 [7.8] years) were included,
operated on for bilateral NBM-DBS, and assigned to receive either active or sham NBM-DBS
followed by the opposite condition for 3 months. The primary outcome was the difference in
the total free recalls of the Free and Cued Selective Reminding Test (FCSRT) between active
and shamNBM-DBS. Secondary outcomes were assessments of the safety and effects of NBM-
DBS on cognition, motor disability, sleep, and PET imaging.

Results
There was no significant difference in the FCSRT score with active vs sham NBM-DBS. The
surgical procedures were well tolerated in all patients, but we observed significant decreases in
Stroop and Benton scores after electrode implantation.We observed no significant difference in
other scales between active and sham NBM-DBS. With active NBM-DBS relative to baseline,
phonemic fluency and motor disability significantly decreased. Lastly, the superior lingual gyrus
metabolic activity significantly increased with active NBM-DBS.

Conclusions
NBM-DBS does not appear to be totally safe for patients with LBD with no evidence of
cognitive benefit.

ClinicalTrials.gov Identifier
NCT01340001.

Classification of Evidence
This study provides Class II evidence that, for patients with LBD operated on for bilateral
NBM-DBS, active NBM-DBS stimulation compared to sham stimulation did not significantly
change selective recall scores.
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Lewy body dementia (LBD) is the second neurodegenerative
dementia after Alzheimer disease (AD).1 Patients with LBD
have parkinsonism; visual hallucinations; dysexecutive syndrome
with fluctuating attention, memory loss, and dementia; sleep
disorders; and dysautonomia.1,2 LBD is related to the presence
of Lewy bodies in cortical and subcortical areas, with the loss of
both dopaminergic neurons in the substantia nigra pars reticulata
and cholinergic neurons in the nucleus basalis of Meynert
(NBM),3,4 with the loss of cholinergic neurons of the Ch1-2
region being linked to the severity of visual hallucinations.5,6

Dopaminergic medication may be introduced to reduce motor
disability,1 and cholinergic medication may be used to reduce
apathy, anxiety, delusions, and hallucinations7,8 and to improve
attention.8 Nonpharmacologic interventions such as physical
exercise and cognitive training have also been proposed with
variable effects on depressive symptoms, attention, or motor
signs.9,10 However, none of these treatments have demonstrated
a significant clinical effect or an effect on disease progression.10

Recently, deep brain stimulation (DBS) of cognitive networks
has been envisaged to improve cognitive deficit in patients with
AD or Parkinson disease (PD) dementia (PDD). DBS of the
fornix or of the NBM was tested in 42 and 6 patients with AD,
respectively, in 2 randomized trials without significant improve-
ment in cognition11,12 and in 6 patients with PDD NBM-DBS
with no significant effect on cognition.13 These previous studies
suggest, however, that DBS is feasible and well tolerated in these
patients with dementia, with no severe side effects reported after
surgery or with stimulation.With NBM-DBS, patients with PDD
had significantly decreased motor disability and patients with AD
showed no decline in cognition after 12 months of NBM-DBS,
with 4 of 6 patients considered responders.12,13 These very pre-
liminary results suggest that DBS of the NBM could represent a
new therapeutic approach in patients with LBD.

The aim of the (Effects of Nucleus Basalis of Meynert Stim-
ulation on Cognitive Disorders in Dementia With Lewy
Bodies) DEMENSTIM study was to assess the safety and
effects of DBS of the NBM in 6 patients with LBD in a
randomized controlled trial.

Methods
Study Design and Patients
In this randomized, double-blind, crossover trial, we recruited
patients from 5 university hospitals in France specialized in

movement disorders and dementia. All patients were assessed
and operated on at Rouen University Hospital. Patients were
eligible for inclusion if they fulfilled criteria for diagnosis of
probable, mild, or moderate LBD1,2; were 18 to 75 years of
age; had a Mini-Mental State Examination (MMSE) score of
16 to 2614; were native French speakers; had received ace-
tylcholinesterase inhibitors at stable dose for at least 1 month
and dopaminergic drugs at stable dose for at least 3 months at
the time of recruitment; had no suspicion of other causes for
parkinsonism or dementia with negative CSF AD biomarkers
(phospho-tau181, total-tau and β-amyloid42)

15; had no his-
tory of severe psychiatric disorder; had confirmed dopami-
nergic denervation on dopamine transporter scan16; had no
contraindications for DBS surgery; had health insurance; and
agreed to participate in this study (figure 1).

Standard Protocol Approvals, Registrations,
and Patient Consents
This study received approval from the local ethics committee
of Rouen University (RCB 2011-A00387-34). All patients
gave written informed consent. In addition, all caregivers
provided written informed consent. The study was performed
in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. This trial was registered at Clin-
icalTrials.gov (NCT01340001).

Procedures
Assessments were performed at inclusion (baseline), followed
1 month later by NBM-DBS electrode implantation and 1
month after surgery by evaluation of microlesion effects
(figure 2). For all patients, we targeted the CH4i subsector of
the NBM located below the internal medullary lamina that
separates the internal and external segments of the pallidum.
We first performed preoperative nonstereotactic MRI with
high-quality visualization of the neighboring structures of the
CH4i, including the lateral segment of the anterior commis-
sure, optical pathways, and amygdala, which were used as
internal fiducial markers for CH4i targeting. The 2 quad-
ripolar DBS electrodes (model 3389) and the programmable
pulse generator (Activa PC, Medtronic, Minneapolis, MN)
were implanted the same day under general anesthesia. All
surgical procedures were performed by the same neurosur-
geon (S.D.) in the Department of Neurosurgery of Rouen
University Hospital. A postoperative CT scan was performed
the day after surgery to check the absence of early surgical
complications and to determine the definitive electrode po-
sition. For this purpose, the postoperative images were

Glossary
AD = Alzheimer disease; AE = adverse event; CIBIC = Clinician’s Interview Based Impression of Change; DBS = deep brain
stimulation; DEMENSTIM = Effects of Nucleus Basalis of Meynert Stimulation on Cognitive Disorders in Dementia With
Lewy Bodies;DR = delayed recall; FAB = Frontal Assessment Battery; FCSRT = Free and Cued Selective Reminding Test; IR =
immediate recall; LBD = Lewy body dementia; MDS-UPDRS = Movement Disorders Society–Unified Parkinson’s Disease
Rating Scale;MMSE = Mini-Mental State Examination; NBM = nucleus basalis of Meynert; ODFAS = One Day Fluctuation
Assessment Scale; PD = Parkinson disease; PDD = PD dementia.
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superimposed on the stereotactic preoperative MRI, and the
MRI images were resliced along the anterior commissure–
posterior commissure plane together with the contours of the
atlas structures on 3 orthogonal standard planes (sagittal,
coronal, and axial).17

One month after surgery, the stimulators were switched on,
and the parameters were set for the double-blind period de-
termined (month 1). Three different frequencies (20, 50, 100
Hz) and 2 pulse widths (60 and 90 microseconds), with

intensities between 2 and 3 V, were tested each for a 2-week
period (i.e., exploratory phase: month 1–4). We used the
Clinician’s Interview Based Impression of Change (CIBIC-
Plus) to have a global impression of change.18 At month 4,
active or sham NBM-DBS was applied for the following 3
months (i.e., month 4– 7), and at the end of this 3-month
period, patients were switched to the opposite condition, that
is, sham or active NBM-DBS, for the following 3 months
(i.e., month 7–10). Lastly, a complete assessment was per-
formed at month 10 (end of the study) (figure 2).

Figure 1 Flowchart

DBS = deep brain stimulation; NMB = nucleus basalis of Meynert.

Figure 2 Study Design
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Randomization and Masking
Patients received first activeNBM-DBS or shamNBM-DBS for
3months, followed by the opposite condition for 3months, in a
randomized order (figure 2). We used computer-generated
permutation randomization with a single block so that an equal
number of patients were assigned to each group. Patients and
the clinician responsible for assessments were masked to the
randomization sequence, which was revealed only to the
unmasked neurologist responsible for DBS programming. For
this purpose, the unmasked clinician chose parameter settings
according to the effects of NBM-DBS obtained during the
testing period (month 1), below the side-effect threshold, and
DBS parameters were not modified during the double-blind
period. The same masked investigator assessed the primary
outcome throughout the study.

Outcomes
The primary outcome was the difference in episodic memory
performance assessed by the total free recall of the French
validated version of the Free and Cued Selective Reminding
Test (FCSRT)19 at the end of the active vs sham NBM-DBS
periods (month 7 vs 10, figure 2).20 The FCSRT is a memory
test with lower scores indicating memory impairment. In this
test, the participant has to identify and learn 16 words or
pictures in response to a unique category cue. Three recall
trials are then performed, each preceded by 20 seconds of
counting backward to prevent recall from short-termmemory.
The recall trials consisted of 2 parts with (1) a 2-minute
period to freely recall as many items as possible (Free Im-
mediate Recall [IR]) and (2) aurally presented category cues
(Cued IR); the sum of these 2 parts were the total IR. The
same procedure of recalling (freely and cued) is done after a
30-minute interval (Delayed recall [DR]) with Free DR,
Cued DR, and Total DR. This test discriminates the deficits in
memory encoding and storage that characterize AD relative to
memory deficits observed in patients with PD21 and patients
with LBD.22 The FCSRT was administered at each visit, with
2 parallel forms used to limit the test-retest learning effects.

We assessed safety by monitoring serious and nonserious ad-
verse events (AEs). Serious AEs were defined as an untoward
medical occurrence or effect that results in death, is life
threatening, requires hospitalization or prolongation of existing
hospitalization, results in persistent or significant disability or
incapacity, or is a congenital anomaly or birth defect. Acute
cognitive and motor effects were assessed by comparing scores
between baseline and 1 month postoperatively (month 1), and
a postoperative CT scan was systematically performed in all
patients after surgery to assess the occurrence of brain hem-
orrhage. An open interim analysis concerning the serious AEs
was performed after the first 2 patients were operated on, and
the occurrence of 2 consecutive intracerebral hemorrhages was
considered a criterion of premature end of the study. An in-
dependent committee of experts (safety committee) was also
formed and asked to review all AEs after the third patient or at
the request of the principal investigator (D.M.) to decide
whether the study should continue. A possible microlesion

effect was also assessed by changes in cognition and motor
scales 1 month after compared to 1 month before surgery,
before DBS onset.

Other prespecified secondary outcome measures included
differences between the end of the active vs sham NBM-DBS
periods (month 7 vs 10) in the following scales: MMSE,14

Mattis Dementia Rating Scale (ranging from 0–144, with
higher values indicating higher cognitive status),23 verbal
fluencies (phonemic and categorical fluency), Stroop test,24

Benton visual retention test (composed of 3 sets of 10 de-
signs),25Wisconsin Card Sorting test (with 60 response cards,
each containing 1–4 identical figures of a single color, mea-
suring set-shifting ability),26 Rey figure, brief Frontal Assess-
ment Battery (FAB; ranging from 0–18, with higher values
indicating higher cognitive status),27 Trail Making Test (Parts
A and B),28 Clinician Assessment of Fluctuation Scale and
One Day Fluctuation Assessment Scale (ODFAS),29 Neuro-
psychiatric Interview (assessing 12 behavioral disturbances:
delusions, hallucinations, dysphoria, anxiety, agitation, eu-
phoria, disinhibition, irritability, apathy, sleep, appetite, and
aberrant motor activity),30 Wechsler Intelligence Scale for
Children cubes (assessing visuospatial abilities, with scores
ranging from 0–62 and higher scores indicating better per-
formance),31 praxic ability test (with 3 subsets: 5 symbolic
gestures, 5 pantomime gestures, and 8 imitation gestures),32

oral picture naming test (DO80, assessing visual perception,
semantic, and lexical verbal fluency),33 Epworth Sleepiness
Scale (a self-administered questionnaire, ranging from 0 –24,
with higher scores indicating higher sleep propensity),34 and
Movement Disorders Society–Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) part III (ranging from 0–132,
with higher scores indicating higher motor disability).35 We
also assessed the differences in these scales between baseline
and 1month after surgery except for theMMSE, FAB,MDRS,
Rey figure, Trail Making Test, Wechsler Intelligence Scale for
Children, and praxic ability tests and DO80.

Parameter Settings
To determine parameter settings for the double-blind cross-
over period, monopolar stimulation was used in each patient
with stimulation applied with the 2 ventral contacts (0 or 1),
with 3 different frequencies (20, 50, 100 Hz) and 2 pulse
widths (60 and 90 us), with intensities between 2 and 3 V,
each tested for a 2-week period (i.e., exploratory phase: month
1–4, figure 2). At the end of each 2-week period, we used
chronometric tests to assess the attention abilities36 and the
CIBIC-Plus to have a global impression of change with both
caregiver and patient assessments.18 The combination of
stimulation parameters providing the best effects on CIBIC-
Plus and chronometric tests, with the fewest side effects, was
chosen for the randomized crossover period.

PET Imaging
The regional metabolic rate of glucose was determined with
[18F]-fluorodeoxyglucose-PET. Patients were examined at the
end of the active vs sham stimulation periods to investigate the

Neurology.org/N Neurology | Volume 96, Number 5 | February 2, 2021 e687

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


effects of NBM-DBS on brain metabolic activity (month 7 vs
10). For this purpose, patients were positioned in the PET
scanner (ET/CT Biograph 16, Siemens Medical System,
Knoxville, TN) with their eyes closed, low-light atmosphere,
and no noise. A dose of 2 MBq/kg of fluorodeoxyglucose was
injected 30 to 40 minutes (mean ± SD delay 33.4 ± 3.5 mi-
nutes) before an acquisition of 20 minutes. Patients rested in
quiet surroundings with their eyes closed at least 20 minutes
after injection. Follow-up scans were performed on the same
tomograph as at baseline, with the same protocol. PET volumes
were coregistered with their corresponding MRI volumes,
segmented into gray matter and white matter probability maps,
and spatially normalized to Montreal Neurological Institute
space with SPM8. Individual variability was taken into account
by dividing each subject voxel uptake by the mean pons uptake,
yielding parametric images, obtained from a Pickatlas (fmri.
wfubmc.edu/software/pickatlas) region of interest. Parametric
images were smoothed with the use of an isotropic gaussian
kernel of 6 mm. Patient 6 was not examined.

Statistical Analysis
In this study, we planned to recruit 6 patients because the
safety of NBM-DBS in this patient population is not known
and the number of patients with LBD estimated to be in-
cluded in our study was considered to be low. This is a phase I
study, and all efficacy outcomes are exploratory, with a Class II
classification of evidence scheme. Although a primary out-
come was defined, no sample size calculation based on sta-
tistical power was performed. The primary analysis compared

the paired differences (delta) in the primary outcome (i.e., the
FCSRT score) obtained in patients first randomized with
active NBM-DBS followed by sham NBM-DBS (n = 3) and
patients first randomized with sham NBM-DBS followed by
active NBM-DBS (n = 3) using a Mann-Whitney test.

The safety analysis was based on the assessment of AEs
without formal statistical testing and on the statistical com-
parison of scale measurements (48 tests) at 1 month after
surgery (month 1) vs 1 month before surgery (baseline),
assuming that they would show brain injuries due to surgery.

We tested differences in secondary outcomemeasures between
active and sham NBM-DBS and between baseline and after
surgery using Wilcoxon signed-rank tests. We did post hoc
analyses to assess differences in the secondary outcome mea-
sures between inclusion (baseline) and active NBM-DBS using
Wilcoxon signed-rank tests. We did not apply Bonferroni
corrections for multiple-testing comparison, and a value of p <
0.05 was considered significant for each test. Values were de-
scribed as mean and SD. Statistical analysis was performed with
R statistical software (version 3.5.0, R Foundation for Statistical
Computing, Vienna, Austria).

For PET data, a voxel-by-voxel comparison between active
and sham NBM-DBS was performed with Wilcoxon rank
tests; a value of p <0.05 was considered significant. Com-
parison between patients with LBD (off DBS) and a control
group was also performed with Cortex ID software, which

Table 1 Baseline Demographic and Clinical Characteristics of 6 Patients With LBD and Stimulation Parameters Settings
Used During the Blinded Period

Patient
Age,
y

Disease
Duration, y

MMSE
Score

MDRS
Score

MDS-
UPDRS
III Score

Parkinsonism/
Fluctuating
Attention/Visual
Hallucinations/RBD/
Dysautonomia

Stimulation
Parameters

Stereotactic
Coordinates
(x, y, z), mm

01 57 6.3 21 138 20 +/+/+/+/+ Contact 0−/C+ Right: 20.5, 19.9, −2.2

2.5 V, 90 μs, 50 Hz Left: −21.7, 20.9, −1.8

02 50 3.8 24 121 48 +/+/+/−/− Contact 0−/C+ Right: 18.9, 19.8, −4.6

3.0 V, 60 μs, 100 Hz Left: −21.3, 18.8, −4.3

03 66 2.3 20 114 24 +/+/+/−/+ Contact 0−/C+ Right: 21.5, 21.4, −4.1

3.0 V, 90 μs, 20 Hz Left: −20.3, 21.7, −3.9

04 69 3.7 26 124 27 +/+/+/+/− Contact 1−/C+ Right: 20.7, 21.7, −5.1

3.0 V, 90 μs, 20 Hz Left: −22.0, 20.0, −4.4

05 63 6.6 26 133 21 +/+/+/+/− Contact 0−/C+ Right: 24.2, 22.0, −5.7

3.0 V, 90 μs, 20 Hz Left: −18.7, 22.4, −6.1

06 69 2.4 26 135 27 +/+/+/+/− Contact 1−/C+ Right: 20.0, 18.2, −4.8

3.0 V, 90 μs, 20 Hz Left: −19.0, 18.8, −4.8

Abbreviations: LBD = Lewy body dementia; MDRS =Mattis Dementia Rating Scale; MDS-UPDRS III =Movement Disorders Society–Unified Parkinson’s Disease
Rating Scale part III (motor disability); MMSE = Mini-Mental State Examination; RBD = REM sleep behavior disorders.
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Figure 3 Localization of DBS Electrodes and Differences in the CIBIC-Plus Score During NBM-DBS Parameter Setting
Testing

(A) Position of electrodes for each individual participant along the long axis of each electrode within the nucleus basalis of Meynert (NBM; green) with the
internal globus pallidus located dorsally (blue). The 3-dimensional superior views after fusion with the 3-dimensional MRI images are presented, the axial
positions of which are shown. All electrodes penetrate the NBM. (B) Graph represents the individual scores for the Clinician’s Interview Based Impression of
Change (CIBIC-Plus) assessed at the end of each 2-week period with the different parameter settings used (top panel). Higher score indicates clinical
impression of improvement. DBS = deep brain stimulation.
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uses a 3-dimensional stereotactic surface projection to extract
the peak of cortical activity on the brain surface for a set of
predefined surface pixels. This activity was compared with an
age-matched normal database (control group, n = 66) with a z
score subtraction. A z score of >2 SD was considered signif-
icant. Statistical analyses were performed with Statistica 7.1
software.

Data Availability
All relevant data are within the article. Requests for anony-
mized data should be sent to D. Maltête at Rouen University
Hospital, 76,000 Rouen, France.

Results
Patient Characteristics and Surgery
Between October 2012 and January 2017, we assessed 30
patients with LBD for eligibility, enrolling 8 in the study
(figure 2). Two patients were finally excluded before surgery
because of severe cortical atrophy revealed by preoperative
brainMRI in 1 patient and a bleeding disorder in the other. Six
patients (all male, mean [SD] age at baseline 62.2 [7.4] years,
range 50–69 years, mean [SD] disease duration 4.2 [1.9]
years, range 2.3–6.6 years, figure 2) were operated on for
NBM-DBS electrode implantation and included in the final
analysis. The demographic and clinical characteristics at
baseline of each patient are displayed in table 1. All patients
had a normal CSF profile (not shown), nigrostriatal depletion
on dopamine transporter imaging (not shown), and a di-
agnosis of probable LBD according to internationally ac-
cepted consensus criteria.1 One patient (P02) had an onset at
47 years of age and a familial history of early parkinsonism and
dementia in his father; genetic analysis was performed, re-
vealing SNCA duplication. The 5 remaining patients (P01,
P03, P04, P05, and P06) had no familial history of neurologic
disorders; therefore, genetic testing was not recommended.
All patients had a mild to moderate form of the disease with a
mean (SD) MMSE score at inclusion of 23.8 (2.7) (range
20–26, table 1). All patients had received acetyl cholinesterase
inhibitor medication (rivastigmine transdermal patch, 9.5
mg/d) at the highest escalated and stable dose for at least 1
month before surgery and throughout the entire duration of
the protocol.

Electrodes Location and Parameter Settings
for NBM-DBS
All electrodes were implanted within the NBM (figure 3A).
For the active DBS period, monopolar stimulation was ap-
plied bilaterally in all patients, with 20-Hz frequency in 4 of 6
patients (P03, P04, P05 and P06), 50 Hz in 1 patient (P01)
and 100 Hz in 1 patient (P02), with pulse width of 60 or 90
microseconds and intensity of 2.5 to 3.0 V (table 1 and figure
3B). Three patients (P01, P04, and P06) were randomized to
have sham first followed by active NBM-DBS, and 3 patients
(P02, P03 and P05) to have active first followed by sham
NBM-DBS.

Safety and Tolerability of Surgery
The surgical procedures were well tolerated in all patients
with no serious AE related to surgery. One patient (P04)
presented postoperative delirium associated with urinary tract
infection treated by ofloxacine (200 mg twice a day) for 7
days, considered a serious AE. We recorded 11 nonserious
AEs in 4 patients (table 2). We observed no adverse effect
induced by NBM-DBS either during the stimulation testing
period (month 1–4) or during the randomized crossover
period (month 4–7).

One month after surgery relative to baseline, we observed no
significant difference in the total free recall of FCSRT scores
(table 3) but a decrease of >2 points in 4 of 6 patients (P01,
P03, P04, and P06, figure 4A). We also found a significant
increase of completion time in denominating, reading, and
interference of the Stroop test and a decrease in the Benton
score, with no other significant differences (table 3), and a
trend to lower MDS-UPDRS III scores after surgery, with in
particular a decrease of 22, 12, and 7 points in P02, P05, and
P06, respectively (table 3 and figure 4B).

Effects of NBM-DBS on Cognitive, Psychiatric,
and Motor Disability Scores
We observed no significant difference in the total free recall
FCSRT score between active and sham NBM-DBS (median
score [interquartile range] 12.5 [7.92–23.33] and 13.5
[9.67–24.17] at the end of active and sham NBM periods, re-
spectively; median [interquartile range] difference between the
2 stimulation conditions−0.5 [−3.5 to 3.33], p= 0.80, table 3 and
figure 4A). At an individual level, 3 patients (P01, P03, P06) had
increased scores with active vs shamNBM-DBS, and inversely, 3
patients (P02, P04, P05) had decreased scores (figure 4A).

Table 2 Adverse Events

Type Patient Severity

Postoperative delirium P04 Serious AEs

Falls P02 Moderate

Low back pain P02 Moderate

Confusion P03 Moderate

Depressive symptoms P02 Mild

Infectious bronchitis P02 Mild

Viral pharyngitis P03 Mild

Neck pain P03 Mild

Urinary tract infection P04 Mild

Postoperative pneumocephalus P06 Mild

Seborrheic dermatitis P06 Mild

Rigidity P06 Mild

Abbreviation: AE = adverse event.
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Table 3 Effects of Electrode Implantation and of Active and Sham NBM-DBS on Cognitive, Psychiatric, and Motor Symptoms in 6 Patients With LBD

Baseline Month 1

Difference in Scores
Between Month 1 and
Baseline Sham DBS Active DBS

Difference in Scores Between
Active and Sham NBM-DBS

Difference in Scores Between
Active NBM-DBS and Baselinea

FCSRT score 25.5 ± 8.4 20.0 ± 6.3 −5.5 ± 11.4 15.5 ± 8.0 15.0 ± 8.7 −0.5 ± 5.7 −10.5 ± 10.6

MMSE score 23.8 ± 2.71 — — 22 ± 4.6 20.8 ± 6.2 −1.2 ± 4.0 −3.0 ± 5.9

FAB score 12.3 ± 1.6 — — 11.3 ± 2.9 11.0 ± 2.7 −0.33 ± 1.2 −1.3 ± 2.4

MDRS total score 128 ± 9.31 — — 113 ± 14.6 114 ± 15.9 0.5 ± 6.7 −14.0 ± 14.1

Attention 35.8 ± 1.6 — — 34.2 ± 2.8 34.0 ± 2.4 −0.2 ± 0.7 −1.8 ± 2.0

Initiation-perseveration 27.0 ± 6.39 — — 21.0 ± 6.9 20.0 ± 7.3 −1.0 ± 5.4 −7.0 ± 8.4

Construction 5.8 ± 0.4 — — 4.8 ± 1.6 4.8 ± 1.2 0.0 ± 1.3 −1.0 ± 0.9

Conceptualization 37.5 ± 2.51 — — 36.7 ± 1.2 36.7 ± 1.6 0.0 ± 2.0 −0.8 ± 2.0

Memory 21.3 ± 1.97 — — 16.3 ± 5.9 18 ± 5.9 1.7 ± 1.7 −3.3 ± 4.2

Stroop test score

Naming time, s

Color 126 ± 40 185 ± 102 59 ± 65* 200 ± 123 174 ± 71 −26.7 ± 87.1 47.8 ± 52.1

Word 117 ± 66 158 ± 106 41 ± 43* 164 ± 122 126 ± 58 −37.8 ± 72.1 8.8 ± 32.3

Interference 403 ± 267 572 ± 405 169 ± 177* 681 ± 573 574 ± 515 −107 ± 345 171 ± 312

No. of errors

Color 0.8 ± 1.6 1.3 ± 2.0 0.5 ± 0.5 2.0 ± 2.2 4.5 ± 8.7 2.5 ± 6.7 3.7 ± 8.6

Word 0.2 ± 0.4 0.5 ± 1.2 0.3 ± 0.8 0.5 ± 1.2 0.5 ± 1.2 0.0 ± 1.9 0.3 ± 1.4

Interference 11.0 ± 12.6 17.5 ± 15.3 6.5 ± 8.7 28.8 ± 26.5 36 ± 37.7 7.2 ± 28.7 25 ± 36

Verbal fluency test

Phonemic fluency 14.3 ± 4.5 10.8 ± 6.8 −3.5 ± 6.2 9.7 ± 3.9 9.0 ± 3.5 −0.7 ± 2.9 −5.3 ± 3.4*

Categorical fluency 15.2 ± 2.6 10.2 ± 3.7 −5.0 ± 4.2 9.5 ± 3.4 12.5 ± 3.9 3.0 ± 3.3 −2.7 ± 4.0

Benton total score 10.2 ± 2.8 8.7 ± 3.1 −1.5 ± 0.8 7.7 ± 4.4 8.0 ± 3.4 0.33 ± 2.7 −2.2 ± 3.0

Trail Making Test score

Part A time, s 126 ± 68 — — 194 ± 119 172 ± 117 −22.2 ± 22.7 45.5 ± 100

Part B time, s 894 ± 749 — — 811 ± 472 760 ± 480 −50.5 ± 255 −133 ± 387
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Table 3 Effects of Electrode Implantation and of Active and Sham NBM-DBS on Cognitive, Psychiatric, and Motor Symptoms in 6 Patients With LBD (continued)

Baseline Month 1

Difference in Scores
Between Month 1 and
Baseline Sham DBS Active DBS

Difference in Scores Between
Active and Sham NBM-DBS

Difference in Scores Between
Active NBM-DBS and Baselinea

Part A errors, % 0.7 ± 0.5 — — 1.0 ± 1.7 0.7 ± 1.0 −0.33 ± 0.81 0.0 ± 1.3

Part B errors, % 3.3 ± 2.9 — — 3.5 ± 2.7 4.7 ± 3.0 1.2 ± 1.3 1.3 ± 1.2

Wisconsin Card Sorting
Test score

— —

Categories number 3.0 ± 1.3 — — 2.5 ± 1.2 2.8 ± 2.1 0.33 ± 1.0 −0.2 ± 1.3

Part A errors, % 22.2 ± 6.2 — — 23.0 ± 5.1 21.7 ± 10.4 −1.3 ± 7.7 −0.5 ± 6.8

Perseveration number 8.3 ± 4.4 — — 11.0 ± 5.6 8.7 ± 5.1 −2.3 ± 8.2 0.3 ± 7.4

WISC cubes score 17.3 ± 14.0 — — 12.2 ± 15.6 11.8 ± 17.8 −0.33 ± 1.0 −5.5 ± 8.2

Rey figure score 24.5 ± 12.1 — — 19.7 ± 12.5 17.0 ± 14.9 −2.7 ± 5.8 −7.5 ± 10.7

Praxic abilities 5.5 ± 1.4 — — 4.0 ± 1.7 4.3 ± 1.4 0.33 ± 0.52 −1.2 ± 1.0

DO80 score 75.7 ± 5.8 — — 70.0 ± 8.4 71.2 ± 5.6 1.2 ± 8.2 −4.5 ± 7.1

NPI total score 10.8 ± 5.6 7 ± 5.2 −3.8 ± 6.3 16.8 ± 7.4 12 ± 7.6 −4.8 ± 6.5 1.2 ± 10.2

Delirium 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Hallucinations 0.7 ± 0.8 0 ± 0 −0.7 ± 1.6 0.7 ± 0.8 0.8 ± 1.2 0.2 ± 1.0 0.2 ± 1.5

Agitation 0.7 ± 1.6 1 ± 1.7 −0.8 ± 1.5 0.7 ± 1.6 0.7 ± 1.6 0.0 ± 0.0 0.0 ± 2.5

Depression 1.8 ± 1.2 1.3 ± 1.5 0.0 ± 1.7 3.7 ± 1.0 2.7 ± 2.1 −1.0 ± 1.8 0.8 ± 1.7

Anxiety 1.3 ± 1.5 0 ± 0 0.0 ± 0.0 3.0 ± 1.9 3.3 ± 0.5 0.3 ± 1.5 2.0 ± 1.5

Euphoria 0.0 ± 0.0 1.7 ± 1.8 0.3 ± 0.5 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Apathy 1.3 ± 1.5 0 ± 0 −0.3 ± 0.8 2.8 ± 2.3 1.3 ± 2.1 −1.5 ± 2.1 0.0 ± 1.7

Disinhibition 0.3 ± 0.8 1.2 ± 1.6 −0.2 ± 0.8 0.5 ± 1.2 0.0 ± 0.0 −0.5 ± 1.2 −0.3 ± 0.8

Irritability 1.3 ± 1.5 0.3 ± 0.8 −0.3 ± 0.8 1 ± 1.7 0.8 ± 2.0 −0.2 ± 1.0 −0.5 ± 1.8

Motor disturbance 0.7 ± 1.6 0.2 ± 0.4 0.5 ± 1.2 0.3 ± 1.4 −0.2 ± 2.2

Sleep 2.0 ± 1.7 0.8 ± 2.0 −1.2 ± 2.2 2.8 ± 1.7 1.2 ± 1.5 −1.7 ± 2.3 −0.8 ± 1.7

Appetite 0.7 ± 1.0 0.7 ± 1.0 0.0 ± 1.3 1.5 ± 1.4 0.7 ± 1.0 −0.8 ± 1.2 0.0 ± 1.8

ESS score 7.0 ± 2.6 6.2 ± 3.9 −0.8 ± 3.2 8.0 ± 4.9 7.3 ± 3.9 −0.7 ± 4.6 0.3 ± 3.1
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With active vs sham NBM-DBS, a significantly lower ODFAS
score was observed but not for other scores (table 3 and
figure 4B).

At the end of the active NBM-DBS period relative to baseline,
no significant difference was observed in the total free recall
FCSRT score (table 3 and figure 4A), but a decrease of >2
points was seen in 5 of 6 patients. For other secondary out-
comes, a significant decrease was observed in motor disability
score (MDS-UPDRS III) (table 3 and figure 4B) but not in
other scores.

Effects of NBM-DBS on Brain
Metabolic Activity
Comparing the brain metabolic activity of the 5 patients
with LBD with age-matched controls from a historical ref-
erence database revealed a significant decrease in metabolic
activity in the frontal, parietal, and occipital areas (not
shown). This was more pronounced in patients P01, P02,
and P03. With active vs sham NBM-DBS, we observed a
significant increase in metabolic activity in the superior
lingual gyrus (figure 4C).

Discussion
In this phase I randomized, double-blind, crossover con-
trolled trial of 6 patients with mild to moderate LBD,
surgery for NBM-DBS was well tolerated, but we ob-
served a trend toward cognitive worsening after electrode
implantation, suggesting a possible deleterious micro-
lesion effect. There was no significant improvement in
cognitive or behavioral status after 3 months of NBM-
DBS. There was increased brain occipital metabolic ac-
tivity with NBM-DBS.

The surgical procedure was well tolerated in all patients,
as previously reported in 2 recent trials that included 6
patients with AD37 or 6 patients with PDD.13 In our study,
only 1 patient (P04) of the 6 patients presented post-
operative confusion related to urinary infection, which
resolved rapidly after specific medical drug treatment. In a
recent randomized protocol study that reported the ef-
fects of fornix DBS in 42 patients with mild AD, none
developed neurologic side effects after surgery.11 This
suggests that such a surgical approach could be envisaged
in these patients with mild dementia without additional
risk of brain hemorrhage or postoperative confusion.
However, in our patients, we observed a significant
worsening of some cognitive scores after surgery (month
1) relative to baseline with conversely a significant im-
provement in motor disability. These opposite effects are
unlikely to be explained by the natural course of the dis-
ease considering the short duration and the low amplitude
of performance change. This could reflect a microlesion
effect considered to reflect disruption of cells or fibers
during the definitive placement of electrodes.38 In pa-
tients with PD after DBS surgery, this microlesion effectTa
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has been shown to be a good predictor of motor outcomes39

but a bad predictor of cognitive outcomes.40 Such a
microlesion effect, however, was not reported in patients
with PDD13 and not mentioned in patients with AD.37 This
suggests that this surgery could induce an additional dis-
ruption of basal cholinergic neurons, leading to a worsening
of cognitive deficit. The motor improvement found in our
patients with LBD after surgery might also reflect the dis-
ruption of the overlying globus pallidus internus mimicking
bilateral pallidotomy,41 also previously reported with low-
frequency NBM-DBS in patients with PDD.13 Lastly, we
were able to include only 20% of the patients assessed for
eligibility over a 5-year period. Such a rate of inclusion was
also reported for NBM-DBS in patients with PDD, in-
cluding 6 of 25 patients screened over a 3-year period.13

This could indicate that such a procedure could be proposed
to only a limited number of patients. However, in our study,
which proposes NBM-DBS in a randomized phase I study,
we used strict inclusion criteria, in particular mild cognitive
decline (MMSE score >16) and age <75 years, which pre-
vented us from fully determining its feasibility in a larger
population of patients.

The absence of a significant cognitive improvement with
NBM-DBS in our patients with LBD is consistent with
previous trials performed in patients with dementia linked
to basal forebrain cholinergic degeneration. In 2 recent
crossover double-blind trials, low-frequency (20-Hz)
NBM-DBS induced no significant effect on cognition
outcomes in 6 patients with AD and in 6 patients with
PDD.12,13 However, in our study, 3 patients seemed to
have better memory performance with NBM-DBS, and 5
patients had improved fluctuations of cognitive functions
with a significantly decreased ODFAS score with active vs
sham NBM-DBS (table 2). This could suggest that NBM-
DBS may improve cognitive fluctuations and some cog-
nitive processes, as also previously reported in a single case
study.42 The relatively short duration of the stimulated
period also could have masked a potential benefit. Indeed,
in patients with mild to moderate AD, cognition perfor-
mance remained stable after NBM-DBS applied during 1
year, suggesting that NBM-DBS could slow disease pro-
gression in these patients.12,43 Conversely to the previous
report of patients with PDD,13 we did not observe any
significant reduction in hallucinations or other behavioral

Figure 4 Effects of NBM-DBS on FCSRT Scores, Cognitive Fluctuations, Parkinsonian Motor Disability Scores, and Brain
Metabolic Activity in Patients With LBD

Graph represents the individual scores for (A) the 3 free recalls at inclusion (baseline assessment), after surgery (post-surgery), and after active nucleus basalis
of Meynert deep brain stimulation (NBM-DBS) and sham NBM-DBS and (B) cognitive fluctuations (One Day Fluctuation Assessment Scale [ODFAS] score, top
panel) and parkinsonian motor disability (Unified Parkinson’s Disease Rating Scale [UPDRS] part III, bottom panel) assessed before surgery (Inclusion), after
surgery (Post-surgery at month 1), at the beginning of the randomized double-blind period (Pre-randomization), and after 3 months with active NBM-DBS
(activeDBS) andwithout (shamDBS). Patients first randomized to activeNBM-DBS are representedwith squares; patients first randomized to shamNBM-DBS
are represented with circles. (C) Regions of greater brainmetabolic activity with active relative to shamNBM-DBS in patients with Lewy body dementia (LBD).
FCSRT = Free and Cued Selective Reminding Test.
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disorders. However, our patients with LBD had fewer se-
vere delusions and hallucinations with a higher dose of
cholinesterase inhibitors (9.5 mg/d),13 which could have
influenced the effects of NBM-DBS on these signs.

In line with the clinical effects observed while testing the dif-
ferent parameter settings (figure 3B), we chose different fre-
quencies of stimulation (20–100 Hz) among patients for the
randomized crossover period (table 1). This difference could
have influenced the effects of NBM-DBS on cognition in each
patient. In anesthetized rats, unilateral 50-Hz NBM electric
stimulation has been shown to increase regional cerebral blood
flow in the ipsilateral frontal, parietal, and occipital cortices,44

and 100-Hz stimulation has been shown to increase acetyl-
choline release in the ipsilateral parietal cortex,45 suggesting
that both low and high frequencies may promote increased
cholinergic cortical transmission with probably complex
inhibition/activation effects on NBM cholinergic neurons and
GABAergic interneurons.46,47 In patients with AD, bilateral 20-
Hz NBM-DBS slightly increased cerebrum metabolic activity
(2.2% to 4.9%), more particularly in the parietal, temporal, and
amygdalo-hippocampal regions.12,37 In patients with PDD,
low-frequency NBM-DBS induced no significant difference in
the resting-state brain on fMRI.13 Here, we observed signifi-
cantly increased metabolic activity with NBM-DBS only in the
superior lingual gyrus, with no changes in the temporal or
amygdalo-hippocampal regions, thus limiting the interpretation
of the underlying mechanism of NBM-DBS.

Several limitations of this study need to be pointed out. First,
this study was designed as a phase I study and aimed to assess
the safety of NBM-DBS with a small number of patients and
was underpowered for any efficacy analysis. Heterogeneity in
disease severity and lesion distribution between participants
also may have potentially influenced the cognitive effects of
NBM-DBS, as well as the quite low cognitive deficit of our
patients (MMSE score >19). Second, the choice of the op-
timal parameters during the exploratory phase was not based
on the improvement of the main outcome measure (FCSRT
scores) but on the CIBIC-Plus score. We cannot exclude the
fact that the assessment of this global score may first reflect
the improvement in motor disability, not in cognition per se.
Lastly, patients 01, 03, and 06 had deteriorated memory
performance just after NBM implantation, and the cognitive
improvement observed later with NBM-DBS in these pa-
tients could reflect only the disappearance of the microlesion
effect. However, we chose to begin the randomized period 4
months after surgery, a delay considered sufficient to dis-
entangle NBM-DBS effect from microlesion effect. Finally,
these limitations indicate that our results preclude any def-
inite conclusion on the potential therapeutic interest of
NBM-DBS for these patients.

Our results obtained in a small group of patients suggest that
NBM-DBS might not be totally safe in patients with LBD,
with its potential therapeutic effects probably limited in the
early stage of dementia. Further randomized controlled

studies are needed that include a larger number of patients,
perhaps also with more severe cognitive deficit and with a
longer duration of active DBS to explore the tolerance and
efficacy of NBM-DBS in patients with LBD, as well as long-
term follow-up studies using specific biological and imaging
approaches to examine NBM-DBS effects on neuronal
degeneration.
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