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Abstract

Background: Tremor in Parkinson’s disease (PD) has an inconsistent response to levodopa
and subthalamic deep brain stimulation (STN-DBS).

Objectives: To identify predictive factors of PD tremor responsiveness to levodopa and STN-
DBS.

Material and Methods: PD patients with upper limb tremor who underwent STN-DBS were
included. The levodopa responsiveness of tremor (overall, postural and rest sub-components),
was assessed using the relevant UPDRS-III items performed during the pre-operative
assessment. Post-surgical outcomes were similarly assessed on and off stimulation. A score
for the Rest/Postural tremor ratio was used to determine the influence of rest and postural
tremor severity on STN-DBS outcome. Factors predictive of tremor responsiveness were
determined using multiple linear regression modelling. Volume of tissue activated
measurement coupled to voxel-based analysis was performed to identify anatomical clusters
associated with motor symptoms improvement.

Results: 165 patients were included in this study. Male gender was negatively correlated with
tremor responsiveness to levodopa whereas the ratio of Rest/Postural tremor was positively
correlated with both Levodopa responsiveness and STN-DBS tremor outcome. Clusters
corresponding to improvement of tremor were in the subthalamic nucleus, the Zona Incerta
and the thalamus while clusters corresponding to improvement for akinesia and rigidity were
located within the subthalamic nucleus.

Conclusion: More severe postural tremor and less severe rest tremor were associated with
both poorer levodopa and STN-DBS response. The different locations of clusters associated
with best correction of tremor and other parkinsonian features suggest that STN-DBS effect

on PD symptoms is underpinned by the modulation of different networks.
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Tremor is a defining feature of Parkinson’s disease (PD) and affects up to 75% of patients (1).
The pathophysiology of tremor remains elusive and may be distinguishable from traditional
hypodopaminergic signs due to the involvement of both basal ganglia and cerebello-thalamo-
cortical pathways (2). Unlike rigidity or akinesia, PD tremor responds variably to levodopa
with a small proportion of patients reporting complete resistance to levodopa treatment (3).
Deep brain stimulation of the subthalamic nucleus (STN-DBS) is a well-established treatment
for PD patients suffering from motor fluctuations (4). This approach tends to result in
excellent motor outcomes though tremor responsiveness to this modality can also be variable.
The extent of pre-operative levodopa responsiveness has traditionally been used to predict
outcomes of STN-DBS. Although this approach may have some merit particularly in
predicting DBS effects on gait, akinesia and rigidity, large discrepancies have been noted for
tremor response (5,6). Additionally, the contribution of other clinical factors, such as age,
gender, or tremor characteristics in predicting responses to levodopa, STN-DBS outcomes
and the interplay of these aspects remains poorly understood and warrants further
investigation (7). These factors could potentially represent readily available markers for
clinicians to consider when determining whether a patient is a good candidate for DBS and

the ideal anatomical target.

Here we aimed to clarify some of these aspects by assessing a cohort of PD patients suffering
from tremor and treated with STN-DBS. The goals were to measure tremor improvement
under levodopa and subthalamic stimulation, explore if dopa-resistant tremor has
distinguishing characteristics, and ultimately if specific patient features influence these

responsces.
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Material and methods

Patients

Patients suffering from Parkinson’s disease (according to the UK Brain Bank criteria) (8),
treated by STN-DBS at the National Hospital for Neurology and Neurosurgery with > 1 point
on the UPDRS III (9) tremor items (20, 21) in the ‘Off medication’ condition during their pre-
operative acute levodopa challenge, were included in this study. We excluded patients who
showed an improvement of <20% on rigidity and akinesia scores after levodopa intake, to
avoid the bias of including patients with a ‘falsely’ negative dopa challenge due to medication
absorption problems or patients suffering from conditions other than Parkinson’s disease, as
previously described (10,11). All included patients had imaging verification of accurate
electrode placement within the STN.

Clinical Assessment

Levodopa-responsiveness was evaluated before the surgery for all patients during an acute
dopa challenge. Subjects were assessed after overnight dopaminergic treatment withdrawal
(OFF-MED condition) and 1 hour after receiving a supramaximal dose of levodopa (the
patient’s usual morning Levodopa dose +50%) on the same day. The outcome of STN DBS
was documented as part of post-operative DBS optimisation between 1 and 5 years following
the surgery. Patients were assessed after overnight dopaminergic medications withdrawal,
with the stimulation turned off 5 minutes before assessment (OFF-DBS condition), then on
(ON-DBS condition). UPDRS II scores, age, duration of the disease, Levodopa equivalent
daily dose (LEDD) as well as duration of DBS and stimulation settings were collected at the
time of the assessments.

Surgical procedure
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DBS leads were implanted under general anaesthesia using a stereotactic MRI-guided and
MRI-verified approach without microelectrode recording (using a Leksell frame model G,
Elekta Instrument AB, Stockholm, Sweden), as previously reported (12,13).

All patients had bilateral surgery. Electrodes were connected either to a Medtronic® (Activa
PC, Kinetra) or Boston Scientific® (Gevia RC, Vercise RC or Vercise PC) device.

Outcome measurement

Levodopa-responsiveness was defined as the difference between the ON-MED and OFF-
MED scores on the UPDRS III scale (9). Levodopa response was also specifically calculated
for overall tremor (items 20, 21), rest tremor (item 20), postural tremor (item 21), akinesia
(items 19, 23, 24, 25, 26, 31), rigidity (item 22), Posture and Gait (items 27, 28, 29, 30) and
Speech (item 18) sub scores.

UPDRS II and UPDRS III scores were utilized to classify patients into previously reported
motor phenotypes- tremor dominant, Postural Instability and Gait Disturbances (PIGD)
dominant or intermediate (14,15).

Patients with a levodopa-response of <20% or >60% on the tremor score were defined as
having a levodopa-resistant and levodopa-responsive tremor, respectively, as previously
described (3,11), and further identification of patients with levodopa resistant rest or levodopa
resistant postural tremor also used a threshold of <20% levodopa response. DBS-
responsiveness, defined as the difference between the UPDRS III score measured in the OFF
DBS OFF medications and ON DBS OFF medications conditions at the second visit, was
similarly calculated. A Rest tremor score/Postural tremor score index was estimated at each
visit to measure the contribution of the two components of the tremor on the levodopa and the
DBS-responsiveness. For these two ratios, when the denominator was 0, we used a half
minimum interpolation approach, and a value of 0.5 was imputed to avoid inappropriately

excluding patients with scores of 0, as previously described (16,17).
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Imaging procedure

All patients underwent stereotactic MRI pre- and post-lead implantation as part of their
routine surgery. For lead localization, the preimplantation T1 MR-scan was co-registered with
the post-implantation T1 MR-scan.

The lead trajectory detected on post-lead implantation MRI could then be visualized on the
segmented pre-implantation MRI. For patients implanted with directional leads, a post-
operative CT scan was performed to confirm the orientation of electrodes using Brainlab
Elements software (Brainlab AG, Munich, Germany: http://www.brainlab.com). Automatized
segmentation of basal ganglia nuclei was performed using Brainlab Elements software. The
segmentation of the STN was then systematically reviewed by a trained operator and
manually refined, if necessary, by referring to the visible STN hypointensity on the co-
registered T2-weighted preoperative MRI. For Volume of Tissue Activated (VTA) modelling,
amplitude of stimulation in mA was calculated for every patient stimulated with Medtronic®
implantable pulse generator (Activa PC, Kinetra) using available impedance measurements at
the time of the assessment or by imputing a value of 1000 € if unavailable (18). Stimulation
field models were constructed using a finite element model as previously described (Guide
XT version 2.0, Boston Scientific, Marlborough, MA) (19,20). Analysis, processing,
annotation, and image segmentation were performed according to standard procedures.
Assuming there are spatial locations that correlate with better STN-DBS outcomes, voxels in
each VTA were associated with lateralized STN-DBS responses expressed in percentages.
These weighed regions of interest (ROIs) were transformed to group average space, averaged

and binarised at 75%, which selects the 25% voxels associated with best response, to
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determine anatomical clusters associated with best improvement in akinesia, rigidity, tremor

and its postural and rest sub-components.

Statistical analysis

Student’s t test and Mann-Whitney tests were used for comparisons between normally and
non-normally distributed quantitative variables. Chi-square and Fisher’s exact tests were used
for comparisons between categorical variables.

Pearson and Spearman’s coefficients were utilized to identify correlations between
quantitative variables for non and linearly distributed covariates, respectively. A hierarchical
multivariate linear regression was performed to model the relationship between patients’
clinical characteristics, levodopa response, and the STN-DBS effect on tremor. Bonferroni
correction was applied for multiple comparisons. All reported p values are two-sided at a
significance level of 0.05. All data were analysed using the SPSS statistical package (SPSS,

Release V.26.0 Chicago, Illinois, USA).

Results

Preoperative levodopa response assessments

Baseline demographic characteristics of 165 patients who were assessed by a dopa-challenge
prior to STN-DBS and the scores for the tremor, rigidity, and bradykinesia sub-items from the
UPDRS 1II scores, OFF and ON medication are reported in Table-1. 13 patients had postural
tremor scores of 0 and therefore required imputation to calculate the Rest tremor
score/Postural tremor score index. Mean LEDD was 1567.2 mg +/- 791.6.

The absolute and percentage change in scores in response to levodopa challenge for the
different UPDRS part III sub-items are presented in Table-2. The overall tremor percentage
response to levodopa (81.5 +/- 26.2) was significantly higher (p<0.01) than akinesia (64.6 +/-

17.7), rigidity (65.6 +/- 23), speech (55.8% +/- 45.3) or gait and posture (68.8 +/- 21).
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Similarly, the postural tremor response to levodopa (70.0 +/- 37.6%) was higher than the
dopa-response for akinesia (p<0.01) and speech (p<0.01), but not gait and posture (p = 0.30)
while rest tremor dopa-responses (90.8% +/- 21.7%) were also superior to responses for each
of these three symptoms respectively (p<0.01).

14 patients (8.5%) exhibited a levodopa-resistant tremor while 135 (81.1%) had a dopa-
responsive tremor (Table-3). Levodopa resistant patients were exclusively male (M/F ratio at
14/0, (100%) vs 93/42, (68.8%) male patients for dopa-responsive tremor, p = 0.01), had a
milder rest tremor score than dopa responsive patients (3.5 +/- 4.89 vs 4.81 +/-3.53; p =
0.048) and a lower rest/postural tremor index (0.79 +/- 1.26 vs 2.02 +/- 1.57; p = 0.001). This
latter finding remained robust after imputation (0.79+/- 1.26 vs 2.34 +/- 2.26; p = 0.001). A
further 4 (2.8%) and 24 (15.8%) patients showed less than 20% improvement on isolated rest
tremor score and postural tremor scores following acute levodopa challenge, respectively.
There was a significant male predominance among dopa-resistant postural tremor compared
to dopa-responsive postural tremor patients (M/F ratio 21/3 vs 64/34; p = 0.046). No other
significant differences between dopa-resistant and dopa-responsive tremor patients were
noted. Taken as a whole, male patients had a lower percentage response to levodopa than
female patients for both total tremor (75.1 +/- 35.5% vs 88.1 +/- 21.5%; p=0.015) and
postural tremor (65.4 +/- 39.6% vs 81.3 +/- 30.5 %; p=0.018). No other significant differences
were found for total UPDRS III scores, akinesia, rigidity, or speech responses to dopa
according to gender.

We found a negative correlation between severity of the OFF-MED postural tremor score and
tremor responsiveness to levodopa (-0.225; p<0.01) but a positive correlation between both
the native and imputed rest/postural tremor score ratios and tremor responsiveness to
levodopa (0.193; p=0.013 and 0.196; p=0.016 respectively).

Post-operative stimulation response assessments
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Of the 165 patients previously assessed 57 were excluded from DBS response analysis due to
a lack of formal, detailed post-operative assessments, (partly attributable to the COVID19
pandemic). Clinical characteristics of the 108 patients assessed are provided in Table-4. Mean
DBS duration at the time of the visit was 15.5 +/- 8.6 months, mean LEDD reduction was
40.2% +/- 29.7.

Stimulation responses are described in Table-2. For each score, the percentage response to
DBS was lower than the respective preoperative Levodopa responses. The overall rest tremor
(74.6 +/- 31.2%) and total tremor (66.5 +/- 34.9%) responses to DBS were significantly
higher (p<0.001) than response to DBS for akinesia (34.8 +/- 66.7%), rigidity (46.4 +/-
32.8%), speech (10.7 +/- 44.1%) and gait (36.4 +/- 45.8%). The postural tremor DBS
response (60 +/- 40.8%) was also higher than the DBS responsiveness of akinesia (p=0.011),
gait (p=0.002) and speech (p<0.001).

Correlations between the levodopa and DBS responses are presented in Figure-1. We found
that the overall motor response (total UPDRS III) to STN-DBS showed only a modest
correlation with the overall motor response to levodopa (0.321; p<0.001). No correlation
between levodopa and STN-DBS responses was noted for motor sub scores except a modest
correlation for akinesia (0.288; p=0.003).

A positive correlation was noted between the tremor stimulation-response and the mean
amplitude of stimulation (0.275; p=0.01). Variables correlating to tremor response to STN
DBS at a relaxed threshold of p<0.25 as previously described (21), namely amplitude of
stimulation, pre-operative rest/postural tremor ratio off medication, tremor levodopa response,
postural tremor levodopa response, pre-operative speech severity, gait response to levodopa,
OFF MED OFF DBS gait severity score, were included in a hierarchical multivariate linear
regression analysis. After adjustment for confounders in this multiple linear regression model,

a positive association between the tremor response to STN-DBS and the amplitude of
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stimulation (unstandardized regression coefficient 0.142, standard error 0.048; p=0.004) was
noted as well as an association between the tremor response to STN-DBS and pre-op
Rest/Postural off medication tremor ratio (unstandardized regression coefficient 0.047,
standard error = 0.022; p=0.038). The inclusion of overall tremor dopa responsiveness did not

improve the model.

Volume of tissue activated coupled to statistical voxel-based analysis outcome

Imaging data for 44 patients with available STN-DBS outcome assessments corresponding to
88 electrodes was available for processing. Figure-2A, B and C display the outcome of voxel-
based statistical analysis of the VTAs and demonstrate the position of the relevant clusters
associated with akinesia, rigidity, and tremor suppression respectively. Akinesia and rigidity
clusters were mainly in the posterior and superior part of the subthalamic nucleus, while voxels
associated with best tremor correction were in the subthalamic nucleus, the Zona Incerta (ZI)
and the thalamus. Some degree of asymmetry was observed between clusters associated with
best left and right responses for tremor. Figure-2D and E illustrate the position of clusters
associated with best rest and postural tremor suppression. Although some asymmetry was also
noted in the position of the relevant cluster, the location of clusters associated with these two
components did not significantly differ, both being in the subthalamic nucleus, the ZI and the

thalamus.
Discussion

This study assessed the impact of L-DOPA (dopaminergic) medication and subthalamic deep
brain stimulation on tremor in a large cohort of patients with Parkinson’s disease while
comparing this to the treatment responsiveness of other parkinsonian features and exploring
the potential roles of tremor characteristics and other patient factors in determining these

outcomes. There was an impact of gender on tremor dopa-responsiveness; an association
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between higher rest tremor score compared to postural tremor score and both levodopa and
STN-DBS responsiveness; a modest correlation between levodopa and STN-DBS response
for tremor; and different clusters for tremor and rigidity/akinesia improvements were
confirmed. Some degree of asymmetry was noted between hemispheres in the position of the
cluster associated with best tremor, best rest tremor and best postural tremor, which could
potentially reflect the existence of an asymmetry in the dentato-thalamic tract (DTT), as
demonstrated in previous work evaluating the interindividual variability in Vim nucleus and
dentato-thalamo-cortical pathways (22).

On balance, this cohort appeared representative of the average population of PD patients
presenting with tremor, with patient characteristics (23,24) and treatment outcomes being
comparable to other studies (14,25,26). While levodopa responsiveness was strongly correlated
with STN DBS response overall, the lack of levodopa responsiveness in predicting STN-DBS
outcomes for the specific motor sub-items was interesting, though this observation has
previously been reported by a number of other studies (6,7,26-29). The possibility that STN-
DBS has additional effects on brain networks, rather than just mimicking the effect of
dopamine, could potentially explain this discrepancy, especially for tremor (30). According to
the “dimmer-switch model” theory (2), PD tremor is triggered by pathological activity in the
striato-pallidal circuit (switch), which is then amplified by cerebello-thalamo-cortical circuit,
thus producing the tremor and modulating its amplitude (dimmer). It has been suggested that
STN-DBS modulates the cerebello-thalamo-cortical circuitry in addition to the subthalamic
nucleus direct projections. In accordance with this model, it has been demonstrated that
targeting the DTT during STN-DBS electrode implantation, a structural part of the cerebello-
thalamo-cortical circuitry, which is implicated in both Parkinson tremor and essential tremor
pathogenicity, was efficient in alleviating Parkinson’s disease tremor (31). The modulation of

this projection by STN-DBS could partly explain the benefit of this surgery independently from
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the “dopa-like” effect generated by the direct stimulation of the subthalamic nucleus. The
identification of stimulation clusters associated with tremor suppression, in anatomical
correlation with Zona Incerta and the thalamus, namely in the vicinity of the DTT also argues
for the hypothesis of an STN-DBS tremor outcome partially mediated by the modulation of
cerebello-thalamic pathways. This is in contrast to STN-DBS effect on the other symptoms,
namely akinesia and rigidity, whose respective clusters were located within the dorsal part of
the subthalamic nucleus.

We found tremor dopa-responsiveness to be superior to the responsiveness of every other PD
motor symptom. This result is in accordance with previous work showing excellent tremor
responses to dopaminergic medication in most cases (26). Our finding of dopa-refractory
tremor being uncommon is also mirrored by another study where only 16 % of the patients
met criteria for dopa-resistance (3). The rarity of this clinical presentation combined with the
observation of excellent dopa responsiveness for tremor on the majority of the cohort support
the hypothesis that dopa-resistant tremor may represent a specific PD motor subtype with
potential pathological and prognostic implications (3,10). This hypothesis is further supported
by our novel finding in this cohort of a strong association of this trait with male gender.
Although this has not been confirmed, two recent studies focusing on the electrophysiological
and brain functional connectivity of dopa-resistant tremor showed a trend towards male
predominance in this group of patients (3,10). Several factors may contribute to this. Male PD
patients may differ in their motor phenotype from females (32) while their disease can also
evolve more rapidly (33). Men also seem to be more likely to experience severe motor
features over the course of the disease (34), while being less likely to present with the more
benign tremor-dominant PD phenotype at the beginning of the disease (32). While the exact
mechanisms underlying this differential influence of gender on tremor response to dopa

remain to be determined, oestrogen potentially has a positive impact on dopaminergic striatal
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function (35,36), and also potentially influences other non-dopaminergic circuits, such as
cholinergic (37), noradrenergic or serotoninergic systems (38) that are known to modulate the
occurrence and severity of tremor in Parkinson’s disease (1,39—41) thus potentially explaining
our findings. Further studies exploring the potential role of hormonal factors on the
expression of Parkinson’s disease tremor may be informative in this regard.

Based on our finding that OFF-MED rest tremor score was lower in patients with dopa-
resistant tremor (i.e., a comparatively higher or equivalent postural component), we calculated
a ratio Rest/Postural tremor score to reflect the impact of tremor characteristics on the
response to the therapies. Among the group of patients with dopa-refractory tremor, this ratio
was lower, and prominently correlated with the dopa-responsiveness of the whole cohort. This
Rest/Postural tremor score ratio was also confirmed as being independently associated with
tremor response to STN-DBS after multivariate analysis to adjust for potential confounders.
As the correlation between the ratio and the response to stimulation was positive, this

suggests that a more severe rest tremor and a relatively less severe postural tremor, is more
likely to respond positively to STN-DBS. These results are in accordance with the response to
levodopa and STN-DBS for rest tremor, which were seen to be overall higher (90 and 70%,
respectively) than postural tremor (75 and 60%, respectively). Combining this ratio with other
predictive factors of STN-DBS outcomes such as detailed clinical phenotyping (25),
connectivity imaging (28) and genetic biomarkers known to result in differential STN-DBS
outcomes such as GBA mutations (42) may inform more precise patient selection or allow
more informed patient discussions in the future (43).

Tremor in Parkinson’s disease is determined by an interplay of dopaminergic depletion
causing abnormal neuronal firing patterns in the subthalamic nucleus and non-dopaminergic
pathology causing abnormal firing patterns in the cerebello-thalamo-cortical circuits, the latter

also being implicated in ‘essential tremor syndromes’ (1,44). Given the observed better
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response to both levodopa and STN-DBS of rest tremor compared to postural tremor, it could
be hypothesized that rest tremor in Parkinson’s disease is mainly a reflection of the
dopaminergic depletion in the subthalamic nucleus, while the postural tremor primarily results
from abnormal activity in cerebello-thalamo-cortical circuits, under lesser influence of the
dopaminergic networks. These findings are in accordance with a recent neurophysiological
study focusing on postural tremor in Parkinson’s disease demonstrating that postural tremor
in Parkinson’s disease is minimally affected by dopaminergic medication with corresponding
non-dopaminergic physiopathology being implicated for this symptom (45). Our VTA voxel-
wise analysis could not identify different clusters associated with best postural and rest tremor
suppression, both being in the Zona Incerta, near the putative location of the DTT. This
suggests that the effect of STN-DBS on rest and postural PD tremor may be at least partially
underpinned by the modulation of the same network, namely the cerebello-thalamo-cortical
circuitry. Since we found that rest tremor responded better to STN-DBS than postural tremor,
we postulate this modulation could potentially be more effective on rest than postural tremor.
This hypothesis could explain previous reports from the literature on thalamic stimulation,
which demonstrated a better outcome and more long lasting outcome in Parkinson’s disease
rest tremor patients compared to essential postural tremor patients (30,46).

Several study limitations need to be acknowledged. Firstly, because of the retrospective
nature of this work, and because we could only include 108 of the initial 165 patients in the
STN-DBS response analysis, and only 44 in the imaging analysis, we cannot exclude the
possibility of selection bias, although the demographic composition of the groups was very
similar. Secondly, as most patients were seen within two years of surgery, the applicability of
these findings is limited to the medium post-surgical follow up period. Additionally, DBS
wash out was limited to 5 minutes which may not be truly representative of the Off-

stimulation state. Furthermore, as all patients were assessed with the 2008 version of the
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UPDRS scale, intention tremor was not quantified in this study. Finally, the small number of
patients showing dopa-resistant tremor may have limited our power to detect statistically
significant differences with and within the dopa-responsive tremor patient group and to

identify factors associated with this condition.

To conclude, we found pre-operative levodopa responses for tremor to be poorly predictive of
STN-DBS tremor outcomes. Conversely, a ratio based on the scores related to rest and
postural components of tremor appears to have better predictive outcomes, more severe rest
tremor with milder postural tremor being associated with a better response to STN-DBS. Our
finding of the specific impact of gender on tremor response to levodopa potentially warrants
further consideration. These findings in conjunction with other genotypic and imaging
biomarkers could potentially inform more predictive models for tremor outcomes with STN-

DBS.
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Tables and figures legend

Table-1: Acute levodopa challenge cohort characteristics

Table-2: Response to levodopa and subthalamic stimulation of the different Parkinson’s
disease symptoms

Table-3: Baseline characteristics of dopa-responsive and dopa-resistant tremor PD
patients

Table-4: Subthalamic Deep Brain Stimulation cohort characteristics

Figure-1: Correlation matrix between levodopa and subthalamic stimulation responses
for Parkinson’s disease symptoms.

Cases in green were significant for corrected p value<0.05

Figure-2: Volume of tissue activated significant clusters associated with lateralized

akinesia (A, clusters in red), rigidity (B, clusters in yellow), overall tremor (C clusters in

purple), rest tremor (D clusters in green) and postural tremor (E clusters in blue) scores.

Clusters represent the group average spaces, binarised at 75%, which selects the 25% voxels

associated with best response.
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Table-1: Acute levodopa challenge cohort characteristics

Acute Levodopa challenge cohort
Baseline characteristics
Total number of
patients 165
Sex ratio M/F 2,23
102 PIGD
Phenotype 21 Intermediate
19 Tremor Dominant
Mean Median
Std. Deviation | Interquartile range
Age
(years) 56.5+/-7.9 57.8 (52.1 — 63.1)
Duration of
disease (years) 10.9+/-54 10 (9-13.8)
LEDD 1567.2 +/- 1357 (1060 —
(mg) 791.6 2078.5)
Tremor rest
UPDRS Iil Off 4.8 +/-3.8 4(2-7)
Tremor postural
UPDRS Il Off 2.7 +/- 3.8 2(2-4)
Tremor(l)JfI:DRS ]l 7545 7 (4=11)
R'g'd'tV(;’ffDRs M 974143 10 (7 = 12)
Akinesia UPDRS
Il Off 211 +/-7.2 20.5 (16 — 26)
Gait and Posture
UPDRS Il Off 7.5+/-3.6 7(5-9)
Speech UPDRS llI
Off 1.4 +/-0.8 1(1-2)
UPDRS I
Off 47.2 +/-14.4 46 (36 — 56)
Rest/Postural
Ratio V0 1.8 +/-1.5 1.43 (1- 2.5)
Rest/Postural
Ratio VO Imputed 2.1 +/-2.1 1.55(1-2.5)
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Table-2: Response to levodopa and subthalamic stimulation of the different Parkinson’s disease symptoms

Response to Levodopa Response to STN-DBS
Number of patients 165 108
Absolute value Percentage Absolute value Percentage
Mean Median Median Mean Median Median
Std. Interquartile std I\Ig:\a/ination Interquartile Std. Interquartile std I\Ig:\a/ination Interquartile
Deviation range ’ range Deviation range ’ range
90.8 +/- 100 (100 - 74.6 +/- 87.5 (50—
Rest Tremor Response 4.03+/-3.4 4(1-6) 21.7% 100)% 464+/-438| 3(1-8) 31.2% 100)%
70.0 +/- 100 (40.1 - 60.0 +/- 70.8 (33.3 -
Postural Tremor Response | 1.88 +/-1.61| 2 (1-3) 37 6% 100)% 1.97+/-2.19| 2(0-3) 18.6% 100)%
81.5 +/- 100 (66.7 — . 75 (50 —
Tremor Response 5.91+/-441| 55(3-38) 26.2% 100)% 6.61+/-597| 6(2—-11) | 66.5+/-35% 100)%
.6 +/- - .5(2.75- A +/- 3.3-
Rigidity Response 6.37+/-3.26| 6(4-9) 625360-:// 7%;?; 492 +/-3.67 4.5 (5)75 4;248;/ 5(()5((537)<y
. (o) (o) . (o) . (o)
. 13.19 +/- 64.6 +/- 62.7 (50 - 10.03 +/- 34.8 +/- 42.9 (21—
Akinesia Response 6.01 12(9-17) 17.7% 74.4)% 6.95 10(5-14) 66.7% 65.2)%
Speech Response 0.75+/-0.69| 1(0-1) 5;583-://_ 501836?;;; ~ [0.19+/-0.73| 0(0-1) 12471://_ 303(2):/
. (o) (o] . (o) . (o)
Gait and Posture 68.8 +/- 68.8 (52 — 36.4 +/- 429(21-
. -3. - . - 2. 2(1-
Response 512+4/-3.16| 4(3-7) 21.0% glgps |206+-278) 2(1-4) 45.8% 65.2)%
31.35 +/- 67.7 +/- 66.4 (59.4 - 44.2 +/- 46 (34.9 -
UPDRS Il Response 1297 31(23-39) 14.5% 74.3)% 24.4+/-14.9 | 24 (15-32) 27 3% 61.1)%
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Table-3: Baseline characteristics of dopa-responsive and dopa-resistant
tremor PD patients

sdny wo.j pepeojumoq ‘el ‘6TITOSEZ

LSAOW/

oL

Dopa-resistant tremor <20% Dopa-responsive tremor >60% p :
N 15 (8.5%) 135 (81.1%) /i
PIGD: 10 PIGD: 95 E
Phenotype Intermediate: 1 Intermediate: 17 0.779 §
| Tremor: 2 Tremor: 14
' Sex ratio M/F 14/0 93/42 0.01*
|
I Mean Median Interquartile Mean Median Interquartile
Std. Deviation range Std. Deviation range E
| Asge at VO (years) 57.6 +/-7.54 57 (52.7 - 65.4) 56.38 +/-7.9 57 (51.1-62.4) 0.7
Duration of disease
- —_ - — 4
| at VO (years) 11.71 +/- 5.48 8.5(7.7-10.9) 11.15 +/- 5.58 10.1(7.3-12.9) 0.402 !
1627.23 +/- 1392.5 (1100 - g
LEDD 1018.35 1180 (806 —2164) | 1613.64 +/-766.75 2092.5) 0.621
Tremor rest 4
UPDRS Ill 3.5+/-4.9 0(0-8) 4.81 +/-3.53 4(2-7) 0.048 5
Tremor postural
UPDRS Ill 3.07 +/-2.43 2.5(1-3.75) 2.6 +/-1.69 2(2-4) 0.795
Tremor
| UPDRS Il 6.57 +/- 6.79 3(1-13.8) 7.41+/-4.6 7 (4 -10) 0.182
' Rigidity 9.86 +/- 4.28 10 (7 -13) 9.92 +/-4.25 10(7-12.5) 0.964
| UPDRS 1l ) ) ) ) ) ) g
| Akinesia :
| UPDRS Ill 22.43 +/-6.87 21 (19-126) 21.19 +/-7.05 20 (16 -26) 0.484
I g
Sait and Posture 3
| LJPDRS Il 7.71+/-4.76 7 (4-11) 7.61 +/-3.39 7(5-9) 0.824
' Speech
| UPDRS Ill 1.57 +/-0.94 2(1-2) 1.44 +/-0.84 1(1-2) 0.518 §
| UPT?)'::I o 48.14 +/- 14.94 47 (42 - 50) 47.57 +/-14.2 46 (37 - 56) 0917 |
[ Rast/ P°'°‘\;:ra' Ratio | 9.794/-1.26 0(0-1.1) 2.02 +/-1.57 1.6 (1-2.75) 0.001 1
P st/Postural Rati
| »-st/postural Ratio 0.79 +/-1.26 0(0-11) 2.34 +/-2.26 1.8(1-3) 0.001
L

VO Imputed

| PSR
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Table-4: Subthalamic deep brain stimulation cohort characteristics

Stimulation assessment cohort
Baseline characteristics

Number of patients 108
Gender (M/F) 2,18
74 PIGD
Phenotype 13 Intermediate
13 Tremor Dominant
Mean Median
Std. Deviation Interquartile range
Age at DBS Implantation 56.6 +/-7.9 52.8 (52.1 — 63.1)
(years)
Disease duration at DBS 131 4/-55 10.4 (8 - 13.9)
implantation (years)
Duration of DBS at V1 15.5 +/- 8.6 13.5(12-19.7)
(months)
LEDD (‘i',/f;"ease 40.2 +- 29.7 445 (22.2 - 60.1)
UPDRS lll Off Off
Rest Tremor Score 63+-54 5(2-10)
UPDR? Il Off Off Postural 31 4/-23 3(2-4)
remor Score
UPDRS lll Off Off
Total Tremor Score 9.4 +-7.2 7(4-14)
UPDRS lll Off Off
Rigidity Score 10.2 +/-4.7 10 (7- 14)
UPDRS Ill Off Off Akinesia
Score 24.4 +/-7.6 25 (18 — 30)
UPDRS Il Off Off
Gait and Posture Score 65+/-38 6(4-9)
UPDRS lll Off Off
Speech lll Score 1.5+/-1.1 1(1-2)
UPDRS Il Off Off
Total UPDRS IIi 52.0 +/-18.0 49 (39 - 65)
Rest/Postural Tremor
Ratio at V1 20+/-14 1.67 (1-2.5)
Rest/Postural Tremor
Ratio at V1 Imputed 0,5 234129 1.9(1-28)
Am?\';;”de 2.8+-07 2.7 (2.2 3.35)
Pulse width 60.9 +/- 4.1 60 (60 — 60)
(us)
F’e?l_‘":)"cy 135.3 +/- 19.9 130 (130 — 130)
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