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Table 1DBS Studies that reported on RBD, in order of paitmopulation size or alphabetical

Author, Number
of Patients and

Mean disease
duration at baseline +

pre / post DBS
LEDD [mg], mean

Antidepressants
/

Motor improvement after DBS
in % or absolute values in

Effect of DBS on RBD

Stimulation SD [years] Benzodiazepines UPDRS IlI
Target during (medication on/off)
observation
Studies that used polysomnography for the diagnoss RBD
Arnulf et al. [25] not stated - /372 Yes/ Yes -66%in UPDRS-III (on) Increased phasic EMG
10 patients (STN) only post-DBS LEDD (w/o activity in REM sleep
dopamine agonists) values
were reported
Bargiotas et al.[9] | RBD-group: 11.9 +3.9 RBD-group: 1172/ 384 not stated RBD-group: RBD assessed only pre-
50 patients (STN) | nonRBD-group: 11.7 -35%in UPDRS-III(on) DBS
4.4 nonRBD-group:1242 / 357 nonRBD-group:
-21%in UPDRS-III (on)
Baumann-Vogel et 12+5 1025/ 369 Yes/ Yes -35% in UPDRS-III (on) | No impact on the
al. [24] prevalence of RBD and
50 patients (STN) on RSWA
Cicolin et al.[20] 13.8+4.9 1010/ 116 Yes/Yes -45%in UPDRS-IlI (off) No difference in RSWA
5 patients (STN)
Dulski et al. [19] 11.4+43 1653 /1142 not stated | -2 pointsin UPDRS-III(on) | Decrease of RBD
36 patients (STN) symptoms in
evaluated by questionnaires, but no
RBD1Q (36 RBD recorded on PSG
patients) and PSG
(24 patients)
Iranzo et al. [18] 17.3+9.1 No absolute values Yes/Yes -64% in UPDRS-III (off) | No difference in phasic
11 patients (STN) indicated EMG activity in REM
sleep
Monaca et al.[21] 121+2.6 1078 /562 Yes/ Yes -36%in UPDRS-I11 (off) No RBD detected

10 patients (STN)




Nishida et al.[26] 12.3 663.2/335.5 Yes/Yes -38%in UPDRS-III (off) Decrease in tonic EMG

10 patients (STN) (w/o dopamine agonists) activity in REM sleep,
resolution of RBD-related
symptoms

Piette et al.[23] 12 LEDD not calculated not stated Only pre-DBS sdndicated | Single episode of RBD

1 patient (STN) UPDRS-III: 60 (off) (EMG and behavioral)
directly after electrode
implantation

Tolleson et al.[27] 9.8+4.0 1537 /1129 not stated change after D&Stated No RBD detected

5 patients (GPi)

Studies that used questionnaires for the diagnosid RBD

Kim et al. [17] 14.8+45 1033 /370 Yes / not stated RBD-group: Increase in clinical RBD
90 patients (STN) -22 pointsin UPDRS-III (off)

evaluated by a nonRBD-group:

clinical interview -18 pointsin UPDRS-III (off)

Zibetti et al. [22] 16.7+£5.1 RBD-group: 1091 Yes/ Yes RBD-group: RBD assessed only pre-

42 patients (STN)
evaluated by a
semi-structured
clinical interview

nonRBD-group: 935
/
(no post DBS values werg

reported)

-21 pointsin UPDRS-III (off)
nonRBD-group:
-29 pointsin UPDRS-III (off)

DBS

SD, standard deviation; LEDD, levodopa equivalexityddose; DBS, deep brain stimulation; UPDRS4Uhified Parkinson’s Disease Rating Scale part Il;
RBD, rapid eye movement sleep behavior disordeN,Slibthalamic nucleus; GPi, globus pallidus intefiPSG, polysomnography, RBD1Q, rapid eye
movement single question scale; EMG, electromydgrap
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Records identified through
PubMed search
n=75
Duplicates excluded
n=46
Potentially eligible studies
Additional relevant studies
=5
Total reviewed studies
n=34
Excluded n=22
- Review / Editorial n=11
- Language n=3
- Irrelevant topic n=8

Studies included in the review
n=12
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Study Highlights

* A systematic review of the literature reveals that, increasing number of studies, report
on rapid eye movement sleep behavior disorder outcome after deep brain stimulation,
however, results are inconsistent.

Our findings suggest the followings:

* REM deep without atoniais not significantly affected by deep brain stimulation

» Complex behavior in REM sleep increases after deep brain stimulation independent of
the stimulation target

» Complex behavior in REM sleep and REM sleep without atonia might represent two
distinct elements in rapid eye movement sleep behavior disorder and should be
assessed separately, especially in studies that report on rapid eye movement sleep
behavior disorder outcome after treatment interventions.
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ABSTRACT

REM-sleep behavior disorder (RBD) is a parasommd a common sleep disorder in
Parkinson’s disease (PD). While deep brain stimanaDBS) is an established treatment for
advanced PD with beneficial effects on cardinal®@tor symptoms, the data on the impact
of DBS on RBD are limited and often controversial.

We reviewed published articles that reported on RBDRQhe context of DBS surgery via
systematic PubMed search. We identified 75 studres included 12 studies, involving a
total of 320 subjects, in our review. Results ispect to EMG activity outcome after
subthalamic stimulation are inconsistent. We foaodstudy that reported on RBD outcome
after pallidal DBS and no DBS study quantified cdembehavior during REM sleep.

We also added data on RBD outcome after subthalédNwel patients) or pallidal (N=3
patients) DBS from patients with PD with RBD, obtl as part of a prospective DBS study
in our centre. Our case series showed an increflasengplex behavior during REM (CB-
REM) after surgery, independent of DBS target. Gosely, we found a trend towards
increasing REM sleep without atonia (RSWA) in saldimic-stimulated patients and a trend
towards decreased RSWA in pallidal stimulated pidie

We conclude that CB-REM and RSWA might represemt tlistinct elements in RBD and
should be assessed separately, especially in studa report on RBD outcome after
treatment interventions. Further, larger, prospecticontrolled studies in different DBS

targets, reporting separately on the different RB@alities, are needed.
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INTRODUCTION

Rapid eye movement (REM) sleep behavior disordeBORis a REM parasomnia.
According to the % International Classification of Sleep Disorder€$D-3), diagnosis of
RBD is based on the presence of repeated episddescalization or complex motor
behaviors during REM sleep in polysomnography (P&e) on polysomnographic recording
of REM sleep without atonia (RSWA). RBD is very amwon among patients with
Parkinson’s disease (PD), already from the earlyskiges[1] and recent evidence suggest
that the presence of RBD is associated with diffees in the spectrum of clinical symptoms,
in natural history and prognosis of PD which akelly to imply underlying differences in
pathophysiology among PD patients with and witHeBD.

Deep brain stimulation (DBS) is a well-establistwétment for motor disability in advanced
PD. Solid evidence regarding improvement of PD mgionptoms is available mainly for
stimulation of basal ganglia (BG) structures sushhee subthalamic nucleus (STN)[2,3] and
the globus pallidus internus (GPi)[4]. In recenang several studies reported on the impact
of DBS on non-motor symptoms of PD such as cogaitpsychiatric, mood and sleep-wake
disturbances. In particular, the interest in theast of STN- and GPi-DBS on RBD is
increasing[5], mainly due to the involvement of B@uctures a) in REM sleep and REM
atonia regulatory networks, via indirect and dirpijections to brainstem structures[6] and
b) in the processing of information from assocktand limbic structures to the cortico-
striato-thalamo-cortical pathways, which is an im@ot step for executive functioning and
motor behavior[7].

Here we summarize and systematically review pubtishiterature on RBD outcome after
STN- and GPi-DBS in PD patients. In addition, weledl clinical data from seven PD
patients with RBD at our center where complex baraduring REM (CB-REM) and
different types of EMG activity during REM were segtely assessed before and after STN-
or GPi-DBS.

METHODS
Review
Extraction of articles was performed by two auth@r<. and P.B.) and was evaluated by the

rest of the authors.
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Selection criteria: a systematic review of 1) deticin English 2) published until May 31
2020 using PubMed database was performed. 3) We thee search terms “Parkinson’s
disease” and “deep brain stimulation” or “palligdimulation” or “subthalamic stimulation”
in combination with “rapid-eye movement sleep betradisorder”, “REM sleep behavior
disorder”, and “RBD”, in order to identify articlegldressing the RBD outcome after DBS in
patients with PD. 4) The articles should containabstract. 5) Only original articles were

included in the study. Review articles were onlgdito identify further relevant literature.

Case Sries

The protocol for this prospective case series wasaved by the local ethics committee
(KEK Bern 2016-00567). All patients gave their weit informed consent.

Patients

This is a preliminary analysis of the first 20 pats included in our prospective single-center
study focused on the impact of STN- and GPi-DBSslaep-wake disturbances and other
non-motor symptoms in PD patients. Among 20 reecufgatients, 9 patients were diagnosed
with RBD based on clinical and PSG criteria for RBliagnosis. One patient has been
excluded from the study due to the lack of REM-slaethe follow-up examination, another
one due to explantation of the DBS-electrodes (reat infections). There were no other
sensorimotor or life-threatening complications.

Data from 7 patients with PD[8] and confirmed RBDhovunderwent a sleep-wake
assessment prior to bilateral DBS (inclusion andiueston criteria for DBS as previously
published)[9] and 6 months post-DBS at the Uniwgrkiospital Bern have been analyzed.
Among them, 3 patients had GPi and 4 had STN sétiul.

Motor Assessment

We performed the Unified Parkinson’s Disease Raftogle (UPDRS part Ill) to assess
motor parkinsonian signs[10]. The UPDRS-III waslesated at baseline pre-DBS and at 4 to
6 months follow-up post-DBS, both times on dopamgie medication titrated for best

individual clinical response. Levodopa equivaleitiyd dose (LEDD) was calculated as

previously described[11].

Video-Polysomnography
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Standard nocturnal video-polysomnography (v-PS& peaformed during hospitalization as
previously described[12]. All recordings were pemied by Embla RemLogit! Software.

Sleep stages and sleep-associated events were lipawoaed (high frequency filter was set
to 15 Hz in the electroencephalography channelstan85 Hz in the electromyography

channel) according to the AASM criteria[13].

Video Analysis of Complex Behavior

REM-related behaviors in patients with RBD may varycharacter, intensity, duration and
complexity. They may range from simple movementd aaocalizations, such as muscle
twitches, jerks, mumbling and shouting, to compleehaviors, like running, punching,
kicking, swearing and talking. Despite some eff¢sese review by Neikrug et al.[14]), there
is no established classification system of the mewents observed during RBD episodes.
According to available literature on the type oftoroevents based on video/audio/EMG
analysis [15], motor events were categorized deviahg:

Primitive myoclonic events and twitching were defin as isolated, simple or even
exaggerated, abrupt, brief, jerky, involuntary, fpomposeful, arrhythmic or rhythmic
movements involving extremities, trunk, head, facéhe whole body.

As complex events were classified all types of REEM&ted events with higher duration and
complexity than primitive myoclonic events, jerkstwitches. These include semi-purposeful
or purposeful movements, often, but not expliciityyolving more than one parts of the
body, orofacial events (i.e. grimacing), vocaliaag (emission of phonemes, shouting,
crying, and intelligible or non-intelligible slegplking) and dream enactment events, which
are complex movements with excessive motor actiamtgl often scenic, violent, forceful or

even injurious character.

For the CB-REM analysis of the current study, aeents from the second group (complex
events) were included. Primitive myoclonic evensravnot visually quantified. An event
was deemed as terminated, when there was no nmewallyi or audibly evident activity of the

patient in the video/audio/EMG recording.

Visual EMG Scoring
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During PSG, muscle activity was measured at the enid bilaterally at upper (m. flexor
digitorum superficialis) and lower (m. tibialis &nbr) extremities; muscle tone scoring was

based on chin and upper extremities signals.

Sleep stages were scored in 30-seconds-intervatsding to the AASM criteria[13]. We
used two previously published EMG-scoring methaalgjgiantify muscle activity only in
REM sleep, one using 3-seconds and another usksg@ihds-epochs.

For the analysis of 3-seconds-epochs we used EM@ngccriteria as previously suggested
[16]. In the upper extremity muscles, missing adonas defined onlif phasicEMG activity

was presentPhasic activity was defined as a burst with an @og# with at least double the
background EMG voltage and with a duration betw@dnand 5 seconds. The end of such a burst is

defined as soon as the potential returns to thelibasor there is an identifiable interval betwéan

bursts of at least 250 milliseconds.

In the mentalis muscle, missing atonia was defiaedany EMG activity occurring in a
defined 3-sec-epoch during REM-sleep; EMG actiwigs considered as any potential lasting
longer than 0.1 sec and with an amplitude of atldauble the EMG background activity or

higher than 1@V, consisting of the following morphologies:

- Tonic activity, if >50% of the epoch had muscleiatt continuously greater than
double the background EMG voltage

- Phasic activity as defined above.

For the analysis of 30-seconds-epochs, we exanmonbdthe tonic activity of the mentalis
muscle, as previously suggested[16]. An epoch wasidered positive for tonic activity if
>50% of the epoch had muscle activity continuouglgater than double the background
EMG voltage, or10 V.

In order to compare RSWA between different patiemith varying REM durations, we
calculated the ratio between RSWA and total REMetiper patient or episode instead of

using absolute values for our analysis.

Potentials in any EMG-lead occurring during phasierespiratory distress or constantly and
simultaneously recurring with ECG-activity, as wadl activity due to other causes of arousal,
were considered as artefacts and weren't takerconsideration for the analysis. Presence of
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RBD was confirmed when the total of epochs in whitgfMG activity, as defined above,

occurs in at least one of the examined musclegesdard 32% of total REM-sleep time[16].

Satistical Analysis

All comparisons were performed by means of the &ttid t-test for unpaired datasets or the
factorial ANOVA when more than one grouping vareaklas needed. A multiple regression
model analysis was performed to evaluate the @iroel between the value of atonia index
(dependent variable) and different parameters ifikethin the study.

A difference in the results between two groups wesmed significant if the calculated p-
value was lower than 0.05. Values are given as meastandard deviation. All statistical

operations were conducted using SB®8d GraphPad Prisfrsoftware.

RESULTS

After the initial search and the application of leston criteria, 12 studies with a cumulative
total of 320 patients, met all selection criteriedavere included in the systematic review
(Figure 1). The largest study included 90 subjeétmiong these studies, 11 reported
exclusively on STN-DBS and 1 exclusively on GPi-DB®n studies used polysomnography
for the assessment of RBD and 2 studies used RBf3tigmnaires but no PSG for the
diagnosis of RBD.

RBD Prevalence after DBS

Kim et al. reported an overall increase in RBD decice after STN-DBS in a large PD
population (N=90). The prevalence of RBD prior tBB® was 52% (N=47). After

implantation, almost all RBD patients (N=46) repdrthat RBD symptoms persisted, in 13
of them (27.6%) the severity of symptoms decreaSedeen patients (17.7%) reported new-
onset RBD symptoms[17]. However, most of the stideported no marked changes in the
prevalence of RBD after DBS. In the early studyltanzo et al., eight among eleven PD
patients had polysomnographic confirmed RBD antbhysof vigorous movements during

sleep. After STN-DBS, the prevalence of RBD wasssessed by polysomnography and

found unchanged compared to pre-DBS baseline. Heryéve study did not report in detail
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on EMG activity or complex behavior data[18]. Inm@re recent study by Dulski et al. with
36 patients, REM atonia was surprisingly presenvedll 24 PD patients undergoing PSG
before and after STN-DBS. After surgery, fewer @at$s reported RBD symptoms in RBD
guestionnaires[19]. In the study by Cicolin[20] oamong five PD patients had RSWA
which remained unaffected by STN-DBS. Monaca ef2H]. assessed ten patients via
polysomnography, but no patient was diagnosed RBD before and after STN-DBS.

Our previous study[9] and the study by Zibetti Id2&] investigated whether the presence of
RBD before DBS has an impact on motor and non-matecome after STN-DBS but both
studies did not report on post-DBS RBD outcomett®iet al. reported a PD patient without
RBD, who had immediately after the implantation tbe definitive electrode for left
subthalamic stimulation multiple RBD episodes ofdéoral agitation and confirmed
RSWA in polysomnography. The patient never preseatey similar episodes again during

the 3-year postoperative period[23].

Outcome of RSWA after DBS

The largest DBS study that reported both on RBD RSWA outcome was published
recently by Baumann-Vogel et al.[24]. Authors aseds 50 PD patients with
polysomnography before and after STN-DBS and foamodimpact of DBS on RBD
prevalence and on RSWA (SINBAR criteria cut-off {BS: 65.9% and post-DBS:
64.4%)[24].

The first study to report on EMG activity outcomitgea DBS was the study by Arnulf et
al.[25]. In this study, RBD was diagnosed in 5 6fdatients with PD and the prevalence of
RBD remained unchanged after STN-DBS. In these pgatients, EMG activity (only phasic
activity was reported) was not alleviated by STNSEn contrary it increased in 4 out of 5
patients. Interestingly, in the same study, thén@ust reported that in the very same patients
nocturnal shouting and agitation persisted and weea slightly worsened under stimulation,
without however presenting quantification data olypomnography[25]. Another study by
Nishida et al. assessed post-DBS EMG activity irPD0patients after STN-DBS[26]. In all
four patients, tonic chin EMG density before DBSswaesent in more than 30% of total
REM sleep time and two among four patients repadtedm-enacting behaviors as well. In 3
of the 4 patients RBD features improved after DBgecifically, tonic chin EMG density
was reduced in 3 patients, nocturnal vocalizatiesolved in one patient and in another

patient, EMG activity and nocturnal behaviors remedi unchanged. Finally, Tolleson et al.



O 00 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32

assessed REM sleep without atonia before and pdiédal stimulation in five PD patient,

but no REM sleep without atonia was observed[27].

Case Sries

At baseline, the mean age of patients, the meadtga equivalent daily dose (LEDD) and
mean UPDRS Il were 67.7 £ 2.9 years, 820 £ 669 12¢f; + 4.2 for STN-group and 70.7 =
2.0 years, 602 £ 388 mg, 12.0 + 4.6 for GPi-graegpectively.

In the STN-group, the total number of REM-phashks, total REM duration and the mean
REM sleep duration per patient were n=15, 169 muh42.6 £ 42.3 min pre-DBS and n=16,
171.5 min and 42.9 £ 12.2 min post-DBS.

In the GPi-group, the total number of REM-phashs, total REM duration and the mean
REM sleep duration per patient were n=17, 169 muh%6.3 £ 23.2 min pre-DBS and n=12,
85.5 min and 28.5 + 14.8 min post-DBS.

In respect to RBD prevalence, after surgery, RB3 | present in all seven subjects as
polysomnography continued to detect excessive EM@vity combined with complex
behavior.

In the STN-group, pre-DBS, in 15 REM phases themratio number of epochs with RSWA
per number of REM epochs for “any” muscle actiwigs 0.39 + 0.30, for phasic muscle
activity was 0.35 + 0.26 and for tonic muscle atyiwas 0.06 + 0.11. Post-DBS, in 16 REM
phases the mean ratio for all types of muscle igtwas higher compared to pre-DBS, but
did not reach significance (for “any” muscle adiyv0.49 + 0.13, p=0.25, for phasic muscle
activity 0.46 + 0.12, p=0.16 and for tonic musctgiaty 0.15 + 0.21, p=0.13) (Figure 2). In
the STN-group, after DBS compared to baseline, “amgl phasic muscle activity increased
in 3 out of 4 patients (patients 2,3,4) and de@eas patient 1. Tonic muscle activity
increased in 2 out of 4 patients (patients 1,4¢relesed in patient 2 and remained unchanged
in patient 3 (Table 2).

In the GPi-group, pre-DBS, in 17 REM phases themratio number of epochs with RSWA
per number of REM epochs for “any” muscle actiwigs 0.61 + 0.17, for phasic muscle
activity was 0.47 + 0.15 and for tonic muscle atyiwas 0.34 + 0.56. Post-DBS, in 12 REM
phases the mean ratio for all types of muscle igtivas lower compared to pre-DBS but did

not reach significance (for “any” muscle activity50 + 0.16, p=0.11, for phasic muscle
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activity 0.44 + 0.18, p=0.60 and for tonic musctgivaty 0.23 £ 0.65, p=0.60) (Figure 3). In

the GPi-group after DBS, compared to baseline, amg phasic muscle activity decreased
in all three patients (patients 5,6,7). Tonic mesattivity decreased in 2 out of 3 patients

(patients 5, 6) and increased in patient 7 (Tahle 2

Based on the video analysis, in the STN-group,OB&, we identified 38 episodes with CB-
REM in 169 minutes of REM (0.22 episodes/min), wipbst-DBS we identified 87 episodes
with CB-REM in 171.5 minutes of REM (0.50 episodeisy). In the GPi-group, pre-DBS, we
identified 33 episodes with CB-REM in 169 minutdsREM (0.19 episodes/min), while
post-DBS we identified 25 episodes with CB-REM 5.8 minutes of REM (0.29
episodes/min) (Figure 4).

There was no significant correlation between valaksnuscle activity (all types; “any”,
phasic, tonic) and CB-REM pre-DBS, post-DBS andarding the observed changég vith
LEDD or UPDRS Il (data not shown).

DISCUSSION

In this prospective case series, we analysed alirdod polysomnographic data from PD-
patients with RBD prior to and following STN- andPEDBS. Our aim was to assess DBS
outcome in respect to several types (any, phasigc)t of EMG activity and in respect to

complex behavior during REM sleep.

RSWA Outcome after DBS

In our cases, REM atonia index is not significaraffected by DBS. In the literature, the
results in respect to post-DBS REM atonia outcoreecantradictory. Baumann-Vogel et al.
reported no change in REM atonia index after STNSPR]. This contradicts with a
previous study showing an increased phasic EM&ifcin 4 out of 5 patients after STN-
DBS[25], but also with the results by Nishida ef28l] showing a decrease in EMG activity
and partial restoration of RSWA, thus a significpositive effect of STN-DBS on RBD. The
discrepancy might be due to differences in theisganethods. Indeed, the EMG-protocol in
the study by Nishida was limited to submental meidelads and REM atonia was not

evaluated as index related to REM duration.
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To our knowledge, our case series is the first tepp EMG activity outcome after GPi-
DBS. Previous GPi-DBS studies either did not as$eBP features at all [28], or the
included patients had no RBDJ[27]. Similar to STN-®Bur findings suggest that GPi-DBS
does not have an effect on EMG activity.

Interestingly, although differences in our casaesewere not significant, we were able to
observe a non-significant trend showing an overailease in all scored types of EMG
activities in STN- in opposite to GPi-stimulatedipats, where the non-significant trend was
towards decrease in all scored types of EMG agtivihis might be suggestive that post-
DBS RSWA outcome might depend on the stimulategetahowever, the very low numbers
of the current report do not allow to extract amyndusions. It would be a very interesting
future direction for research to investigate, iaeger cohort, whether the stimulation of
different DBS targets (STN vs GPi) has a differenpact on the several types of EMG

activity.

CB-REM Outcome after DBS

This is the first DBS report that includes a quiadtion of CB-REM based on video-
polysomnography to report on the behavioral RBOronote. We found a significant increase
in CB-REM after DBS-implantation, which was indedent of dopaminergic medication
and motor score outcomes. In addition, CB-REM iasesl independent of the DBS target,
most prominently being the increase in the STNté@agatients. The increased behavioral
activity under subthalamic stimulation is in lingthv previous studies reporting slightly
increased nocturnal vocalization[25] or even deenogcurrence of nocturnal behaviors[17].
However, previously no quantification has been useds important to notice that motor
events in RBD can be minor movements or twitchasd, ot all lead to complex or scenic
behaviors. In addition, questionnaires may, besidisg-negative results, also lead to false-
positive findings, often due to the lack of epissideerception or even due to episodes-
mimicking RBD, such as non-REM parasomnias, whioh @so frequent in Parkinson’s

disease.

Our findings suggest that BG stimulation impacts nlocturnal REM sleep behavior. On one
side this is surprising, since the observed CB-RHEMPD, often fluid and with less-
parkinsonian kinetic patterns, suggest that duRBgV sleep, BG may not be the core player

for the execution of movements. On the other sidavioral effects during wakefulness,



v A W N

10
11
12
13
14
15
16
17
18
19

20

21

22
23

24

25

26

27

28

29

30

31

Fars

including the emergence of impulsive-aggressive abien, mania, and
hypomania[29][30][31] have been previously reported particular after STN-DBS.
Nevertheless, the role of human BG during REM sleepD needs further investigation.
Intracranial recordings from basal ganglia durin@CR episodes might provide very

important evidence towards this direction.

CONCLUSIONS

In the literature, there are discrepant reportsespect to RBD outcome after DBS. This
might be due to the used methodology for assessofeRBD outcome. We were able to
show that both STN- and GPi-DBS lead to an incred#seomplex-behavior during REM
sleep in PD patients with RBD, which might be pareé from patients and bedpartners as
worsening of RBD. However, this increase in nocalirbehavior might not be clearly
associated with an increase of EMG activity, whikypically the outcome measure used by
polysomnography studies. These findings underlihe importance of using video
polysomnography to properly diagnose RBD, consmerand evaluating separately its
modalities (different types of EMG activity and quéication of complex behavior during
REM), in particular when reporting therapeutic ames. Larger, controlled studies should
investigate the role of BG in RBD, especially wlegtlthe post-DBS outcome of EMG
activity depends on the DBS target.
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