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ABSTRACT
Introduction In recent years, multiple studies have
aimed to develop and validate portable technological
devices capable of monitoring the motor complications
of Parkinson’s disease patients (Parkinson’s Holter). The
effectiveness of these monitoring devices for improving
clinical control is not known.
Methods and analysis This is a single-blind, cluster-
randomised controlled clinical trial. Neurologists from
Spanish health centres will be randomly assigned to one of
three study arms (1:1:1): (a) therapeutic adjustment using
information from a Parkinson’s Holter that will be worn by
their patients for 7 days, (b) therapeutic adjustment using
information from a diary of motor fluctuations that will be
completed by their patients for 7 days and (c) therapeutic
adjustment using clinical information collected during
consultation. It is expected that 162 consecutive patients
will be included over a period of 6 months.
The primary outcome is the efficiency of the Parkinson’s
Holter compared with traditional clinical practice in
terms of Off time reduction with respect to the baseline
(recorded through a diary of motor fluctuations, which
will be completed by all patients). As secondary
outcomes, changes in variables related to other motor
complications (dyskinesia and freezing of gait), quality
of life, autonomy in activities of daily living, adherence
to the monitoring system and number of doctor–patient
contacts will be analysed. The noninferiority of the
Parkinson’s Holter against the diary of motor fluctuations
in terms of Off time reduction will be studied as the
exploratory objective.
Ethics and dissemination approval for this study has
been obtained from the Hospital Universitari de Bellvitge
Ethics Committee. The results of this study will inform the
practical utility of the objective information provided by
a Parkinson’s Holter and, therefore, the convenience of
adopting this technology in clinical practice and in future
clinical trials. We expect public dissemination of the results
in 2022.
Trial registration NCT04176302; https://clinicaltrials.gov/
show/NCT04176302

Strengths and limitations of this study
►► First clinical trial to assess efficacy of a Parkinson’s

Holter to improve patients’ motor symptoms.
►► Three-
arm trial comparing the symptomatic con-

trol of patients monitored with a Parkinson’s holter,
monitored with a patient’s diary or not monitored.
►► Patients are blind to the study arm.
►► Neurologists are not blind to the study arm.
►► Observer bias could happen in some secondary outcomes, which are measured by the neurologists.

INTRODUCTION
Parkinson’s disease (PD) is the most common
form of chronic and progressive hypokinetic syndrome among the elderly population and is the second most common
neurodegenerative disease after Alzheimer’s
disease.1 In early stages, PD responds well
to dopaminergic therapy; however, as the
disease progresses, the duration of the effect
decreases and motor complications develop
due to ‘wearing off’ effects (end-of-dose deterioration) or due to a delayed or no response
to medication, which requires frequent therapeutic adjustments to achieve good symptom
control throughout the day.2 Despite all therapeutic adjustment efforts, 90% of patients
have motor complications or fluctuations
after 10 years.3 These fluctuations consist of
changes between periods called Off, in which
the medication has no effect and mobility
is difficult, and periods called On, in which
patients can move fluidly because the medication is having its best effect.4 In addition, in
the transition between these two states (On
and Off) or during the period of maximum
medication effect, patients may present
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As secondary objectives, besides security issues and user
satisfaction with the Parkinson’s Holter, the following efficacy results will be measured: number of medical contacts,
adherence to monitoring system, severity of motor
complications, severity of freezing of gait, quality of live
and performance in activities of daily living performance.
METHODS AND ANALYSIS
Study design
A single-blind, cluster-randomised controlled clinical trial
with three arms (1:1:1): group A (therapeutic adjustment
using information from a Parkinson’s Holter); group B
(therapeutic adjustment using information from a diary
of motor fluctuations) and group C (the therapeutic
adjustment is not supported by additional information,
other than the clinical information collected during
consultation).
Study setting and duration
The study will last a maximum of 9 months for each
patients (3 months from inclusion to basal visit at
maximum and 6 months of follow-up period). The first
patient was included in November 2019; the estimated
last visit for the last patient is March 2022. Neurologists
from at least 40 hospitals in Spain will participate in the
study.
Investigational device
The Parkinson’s Holter is a commercial product (STAT-
ON) manufactured by Sense4Care SL (www.sense4care.
com). This medical device is intended to ambulatory
monitor motor manifestations and activity of Parkinson’s
patients. The Holter records motor fluctuations (On
and Off periods) during daily activities,14 in addition to
dyskinesias, bradykinesia and freezing of gait episodes9–11
(figure 1). Holter’s data are stored in its internal memory
and can be downloaded by users (patients or neurologists)
to any mobile phone that has the application provided
by the manufacturer installed. This application produces
reports in PDF, like the ones shown in figures 2 and 3.
The first report (figure 2) shows a summary of the
data obtained from the patient during the time monitored, including the number of freezing of gait episodes
detected and the percentage of time in On, in Off and in
status intermediate between the two. The graph shown in
figure 3 is the most important for clinicians, since it shows
the time course of the different motor symptoms, over

Figure 1

Parkinson’s Holter.
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with dyskinesias, that is, involuntary movements of the
head, torso or extremities, which may interfere with the
patient’s activity.5
Motor complications in patients with advanced disease
are not easy to control; they can have a variable character, fluctuating, as mentioned, throughout the day
and between different days. The chronology of symptoms throughout the day and between different days is
of great value for the precise adjustment of the medication dosage, adapting the scheduled doses to the most
prevalent symptoms in the postdose period. However,
neurologists do not currently have detailed information
on their patients’ symptom chronology; therefore, they
have serious difficulties in obtaining good results with
medication adjustments. Currently, the information available to neurologists on the hourly course of symptoms
comes from the patient’s self-report during consultation,
or in the best case, from diaries kept by the patient at
home noting their motor state (On or Off) periodically
(eg, every hour).6 Although the latter method continues
to be the reference standard in research and care, it
has serious limitations, as patients often forget to make
notes (especially when they are Off), many do not recognise their motor state well, and few can adhere to such a
laborious system beyond a few days.7 Thus, a system for
measuring motor fluctuations, that is objective, does not
require intervention on the part of the patient and can,
therefore, be part of their day-to-day for the long term,
if necessary, can be of great utility in clinical practice to
help optimise medication regimens and improve disease
control.8
During the last decade, our research group has developed a system for monitoring patients with PD based
on accelerometry that can be comfortably worn at the
waist during daily activities. This system is capable of
detecting various motor symptoms, including bradykinesia, freezing of gait and dyskinesia,9–11 establishing the
chronology of motor fluctuations (On and Off periods)
and detecting falls.12 13 This system, which, henceforth,
will be generically referred to as Parkinson’s Holter, is
possibly the only such system that is easy to carry, is validated under real conditions of use and provides sufficient information to improve the medication regimen.
However, it remains a hypothesis that detailed knowledge of the motor symptoms of patients leads to better
disease control, thanks to optimisation of the therapeutic regimen. To confirm or refute this hypothesis, we
propose a clinical trial in which the clinical effectiveness
of this device will be analysed in patients with moderate
PD and motor fluctuations.
The primary objective of this trial is to compare the
clinical outcomes in patients with PD, measured as
changes from baseline to last visit in daily Off time, in
three different arms, according to different sources of
information in regards of motor fluctuations: (1) Parkinson’s Holter, (2) patient’s diary and (3) no information
(the only information that the patient can provide at the
visit).
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Figure 2

Parkinson’s Holter summary data table.

a week of time. It needs to be taken into account that a
proportion of the time monitored cannot be classified in
any of these three motor states (On, Off or intermediate
states). As a result, the sum of the time in each motor
state does not reach 100%. Time without classification
(represented in grey in figure 3) corresponds to the time
in which there is not enough data for the device algorithms to reach a conclusion, which occurs frequently
in prolonged periods of rest of the patient (in some
patients this happens in Off, but this information must be
confirmed by the neurologist, through an interview with
the patient).
The Parkinson’s Holter must be used a minimum of 3
days, for calibration reasons, and has no upper temporary
limit of use (it can be used indefinitely). The manufacturer

Figure 3

Participants
The target population is patients with PD and difficult-to-
control motor fluctuations.
The neurologists participating in the study will select
patients from those undergoing follow-up in their outpatient clinic. In line with the clinical use envisaged for
Parkinson’s Holter, neurologists are advised to offer the
study to those patients who could benefit from daily
monitoring of their motor symptoms, in order to better
control them. It is planned to include 162 patients who
meet all the following inclusion criteria: (1) idiopathic
PD according to the clinical criteria of the Brain Bank of
the UK,15 (2) moderate to severe disease (Hoehn & Yahr
≥2, in the Off state),16 (3) motor fluctuations present,
with at least 2 hours/ day in the Off state. The time in
off will be estimated by the neurologist in a first stage
(according to the clinical information available) and will
be later confirmed by means of a patient’s diary, which all
candidates will fill in at home before the baseline study
visit (see the Procedures section). To be included in the
study, previously informed patients will agree to participate voluntarily and sign a written consent form.
Patients who are unable to walk independently or with
Hoehn & Yahr=5, patients participating in another clinical trial, patients with acute intercurrent disease, patients
with psychiatric or cognitive disorders preventing collaboration (mini-
mental status examination <24)17 and

Parkinson’s Holter weekly record.
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recommends using it for 7 days to capture the specific
changes in motor manifestations and patient’s routines,
which often occur on the weekend. The Parkinson’s
Holter user manual is available as online supplemental
material.

Open access

Interventions and randomisation
Prior to each visit with their neurologist, all patients participating in the study will be monitored using a Parkinson’s
Holter during 7 days at home. In addition, all patients
of the study will keep a diary of motor fluctuations for 7
days at home, prior to the first and last study visit to the
neurologist. The Holter and the diary will be delivered
and collected by courier.
The neurologists participating in the study will be
randomly assigned to one of the following three groups:
►► Group A: for therapeutic adjustment, neurologists
will have access to the information from the Parkinson’s Holter (study device) and to the information
collected during consultation.
►► Group B: for therapeutic adjustment, neurologists
will have access to the information from the diary of
motor fluctuations (reference standard) and to the
information collected during consultation. In this
specific group, patients will fill a motor fluctuations
diary, prior to every scheduled visit (not only in the
first and last visits).
►► Group C: for therapeutic adjustment, neurologists will
only have access to the information collected during
a typical consultation, without information from the
Holter’s Parkinson or diary of motor symptoms (traditional clinical practice).
The staff responsible for implementing the randomisation sequence will receive the patient’s clinical information by courier: (1) Holter with data stored on the
memory card and (2) patient’s diary of motor fluctuations. This staff will be responsible for sending this information to the patient’ neurologist by encrypted email
and before the next appointment: information from the
Parkinson’s Holter, diary of motor fluctuations or no
additional information. The randomisation sequence will
have been performed by independent staff with the help
of a table of random numbers and following a balanced
blocks model, whose size and composition will not be
revealed to the researchers or to the staff responsible for
implementing the sequence.18
Procedures
All study patients will wear the sensor 7 days before prior
consultation with the neurologist, although this information will not be shown to the neurologist if they are not
expected to see it by randomisation arm (group A). Similarly, all patients will keep a diary of motor fluctuations
prior to the first and last consultation with the neurologist, although the information will not be shown to the
neurologists, unless they belongs to group B. Patients
4

whose neurologist has been assigned to group B will also
fill in the diary in the intermediate visits of the study.
The Parkinson’s Holter will be delivered to patients
by courier along with the user manual and a quick start
guide. There will be a technical assistance telephone line
at their disposal to answer questions on how to handle the
device. The device will have been previously configured,
so that patients only have to turn it on the first time it is
taken out of the box by pressing the only button on the
device. From that time on, the device will turn on and
off autonomously depending on the movement detected
by its sensors, so patients do not have to perform any
other operation. The device will have a charged battery
and autonomy longer than 7 days, so no charger will be
provided nor will patients have to worry about recharging
the batteries. After the last day of use, the device will be
picked up by courier and transported to the centre that
manages the deliveries (which is a centre independent
of the sponsoring entity) to download the collected data.
Simultaneously, patients will fill out a diary of motor
fluctuations at home. The motor fluctuation diary was
designed by the researchers (figure 4), and the neurologists participating in the study will explain to the patients
how to fill it out. To do this, the neurologists will follow a
common procedure that involves showing instructional
videos to patients that provide examples of the different
phases (On/Off) and motor complications. The diary
of motor fluctuations will be collected by courier on
the same day as the Holter device. All patients’ diaries
will be reviewed by a devoted team at baseline. Those
diaries with completeness problems, duplicates (simultaneous On and Off entries) or mayor inconsistencies
will be dismissed, and the investigator will be contacted
to make a decision on the convenience of repeating
the diary, after retraining the patient or excluding the
patient. Patients who have less than 2 hours Off in the
first study diary (before the baseline visit) will be considered screening failures and will not be able to continue
the study.
The results of the measurements taken at home (Holter
or diary of motor fluctuations) will be sent to the corresponding neurologists by encrypted email before their
next consultation with the patient. All the neurologists
will receive specific training in interpreting the Parkinson’s Holter data and will have a manual and an explanatory video available during the study time.
The home monitoring procedure will be repeated
systematically before each appointment with the neurologist. The study’s first follow-up visit will take place in
week 12 (±2 weeks) after the baseline visit. The study’s
last evaluation will be carried out by week 26 (±2 weeks).
The neurologist is free to schedule intermediate appointments if necessary, before which the home monitoring
process will also be repeated. The efficacy variables
described in the next section will be recorded at each
study evaluation and at the last appointment, usability
and satisfaction questionnaires will also be administered
to both the patients and neurologists (table 1).
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patients with difficulty understanding the study procedures will be excluded.
The neurologists will be professionals who care for
patients with PD and who recognise the potential of
recruiting five patients with difficult-
to-
control motor
fluctuations at the time of recruitment foreseen in the
study.
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Page 1 of the diary of motor fluctuations.

At the end of the study, the neurologists will receive
the complete information from the records of all their
patients (regardless of the study group to which they
belong) by email, including the diaries of motor fluctuations filled out at home and the complete information
from the Parkinson’s Holter.
In this study, there are no concomitant treatments
prohibited, although information systems or patient
monitoring systems, other than those tested, cannot be
used.
Outcome variables and measurement instruments
The efficacy of clinical control will be measured using the
following variables.
Primary:
►► Daily Off time: through a diary of motor fluctuations
(On/Off).19 20
Secondary:
►► Number of medical visits and telephone contacts for
medication adjustment.

Record of therapeutic changes.
Record of prescribed exercise programmes.
►► Adherence to the motor fluctuations recording system
(On/Off diary and Parkinson’s Holter).
►► Motor complications (Unified Parkinson’s Disease
Rating Scale (UPDRS) part IV,21 administered by the
neurologist).
►► Daily On time: through a diary of motor fluctuations
(patient’s diary).19
►► Presence and severity of freezing of gait episodes:
Freezing of Gait Questionnaire (FOG-
Q, administered to the patient by phone).22
►► Quality of life: using the 39-item Parkinson’s Disease
Questionnaire (PDQ-39, self-
administered by the
patient).23
21
►► Autonomy in activities of daily living: UPDRS part II
(administered by the neurologist).
In addition, a record of adverse effects during the
study period will be kept and the usability of and user
►►
►►
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Figure 4
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Baseline
evaluation

Visit week
12±2

Unscheduled Visit week
visit
26±2

Freezing of Gait Questionnaire

 
X

 
X

 
X

 
X

Unified Parkinson’s Disease Rating Scale

 
X

 
X

 
X

 
X

 
X

Inclusion
Inclusion criteria
Informed consent

 
X
 
X

Sociodemographic data

 
X

Year of diagnosis

 
X

Hoehn and Yahr Scale

 
X

Baseline treatment

 
X

 
X

 
X

 
X

Diary of motor fluctuations

 
X

 
X

 
X

Parkinson’s Holter

 
X

 
X

 
X

Record of health visits and contacts

 
X

 
X

 
X

Record of therapeutic changes/exercise programmes

 
X

 
X

 
X

Adherence

 
X

 
X

 
X

Record of adverse effects
Usability and satisfaction

 
X

 
X

 
X
 
X

39-item Parkinson’s Disease Questionnaire

 

satisfaction with the Parkinson’s Holter will be evaluated
using the System Usability Scale (SUS)24 and the Quebec
User Evaluation of Satisfaction with Assistive Technologies scale (QUEST),25 respectively.
Other PD-related data will be recorded as control variables (year of PD diagnosis, stage according to the Hoehn
& Yahr scale in the Off state,15 patient sociodemographic
data (age, sex, educational level) and neurologist data:
age, sex, years of practice, type of activity (consultation,
ward etc) and number of patients treated per year at each
care level.
Monitoring
All study data and procedures will be supervised by an
independent monitor. The supervision will be carried
out in accordance with Best Clinical Practices, ISO
14155:2011.
Blinding
The participating patients are responsible for recording
the main variable (Off time) in their diary of motor fluctuations. Patients will be blinded to the neurologist’s
randomisation arm, who will not disclose what information is available to adjust the therapeutic regimen.
Patients are also responsible for recording the On time
(diary of motor fluctuations) and the variables related to
FOG-Q and quality of life (PDQ-39); therefore, there is
blinding to these data. The neurologists are responsible
for collecting the UPDRS data and recording the therapeutic changes and adverse effects; therefore, there is no
blinding to these secondary variables. The data analysts
will also be blinded to the type of intervention in each
group.
6

Blinding could be broken in the event the patient’s
physician deems it vital to access any of the study information (especially the patient’s diary filled out at home)
because the patient’s clinical situation requires it. This
fact will be recorded for later exclusion from all analyses
potentially affected by the infringement of the protocol
Sample size
Assuming a mean reduction from baseline of 75 min of
Off time daily (SD 130) between arm A and C, a sample
size of 49 patients per group would provide 80% power to
show superiority at a significance level alpha of 5% (two
sided).
Unassessable patients will be those that signed the
informed consent form (inclusion visit) but are lost to
follow-up before the baseline visit. The rest of the subjects
will be assessable even if they are not adherent to the
motor fluctuation measurement systems. To cover loss to
follow-up and unassessable patients, the sample size will
be increased by 10%, so that, in principle, 162 patients
will be necessary (54/arm). A standard method to handle
missing data (last observation carried forward) will be
used.
The inclusion of 40 physicians is proposed, assuming
that each physician will include four or five patients in
the study
Data analysis plan
In the patient’s diary (main outcome variable), lost data
will be imputed, by interpolation between equal data,
provided that the period without data does not exceed
the hour of duration. No other lost data of the study will
be imputed.
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Table 1 Schedule of the study evaluations.
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Patient involvement
Patients were not involved in the design, recruitment or
choice of outcome measures of this research protocol.
However, patients played a central role in the development of the Parkinson’s Holter, carried out by the
research team in previous research projects. Selected
groups of patients, who were involved from first stages,
contributed to identify needs and use cases, provided
information on their symptoms and feedback on design
and usability, which have served to improve the product
in various iterations. Parkinson’s patient associations will
be involved in development of the dissemination plan of
the results.
Ethics and dissemination
This protocol and the informed consent form were
approved by the Ethics Committee of Hospital

Universitari de Bellvitge (code AC012/19). Any protocol
change that may increase the risk or present new risks for
the patient, or that may affect the validity of the study,
must be approved by the sponsor in writing before being
implemented. All study participants will sign the written
consent form, after being properly informed by a study
local investigator.
In all of the reports and communications related to the
study subjects, the subjects will be identified only by their
case numbers. Data will be handled strictly in accordance
with the professional standards of confidentiality, under
the terms stipulated in Regulation (EU) 2016/679 of the
European Parliament and the Council of 27 April 2016
on Information Protection (General Data Protection
Regulation).
The sponsor has a civil liability insurance policy that
covers the potential damages for participants that could
derive from the application of this protocol.
The results will be disseminated to the scientific
community in the form of a publication, preferably in an
open access journal, and to the general population, by
press release for the national media. Various Spanish and
European patient associations will receive direct communication of the results.
DISCUSSION
This study will evaluate the efficacy of a PD symptom
monitoring device for improving the clinical control of
patients. This improvement will be measured in the form
of a reduction in the daily Off time and according to
other health outcomes as well as the neurologists’ and
patients’ satisfaction with the device.
Although multiple studies have explored the validity of
various devices for monitoring PD symptoms, currently
there is no evidence of the therapeutic efficacy of monitoring by such means.26 That the developed devices
correctly monitor motor symptoms, does not necessarily
imply that this monitoring improves clinical control.
This is the first study to examine the efficacy, in terms
of clinical control, of these new sensors. Additionally, the
same data may be used to test the efficacy of motor fluctuation diaries, considered a reference standard, which
have been previously validated but for which there are
also no available clinical efficacy studies.19 The results of
this study will provide information on the practical utility
of the objective information that these devices provide
and, therefore, on the convenience of adopting this technology in clinical practice, in future clinical trials and in
various studies on PD.
It is important to clarify that although the Parkinson’s
Holter has a fall detection functionality, it has not been
fully implemented in the study (the verification step by
the user was omitted), so the information related to falls
will not be analysed.
This study has some limitations, such as the lack of
blinding of the neurologists, which is inherent to the
objective of the study: neurologists must necessarily know
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A fixed effects analysis of variance (ANOVA) with the
baseline Off time as a covariate will be used to test the
superiority of group A versus group C in the overall analysis and the noninferiority of group B in the per-protocol
analysis.
A descriptive analysis of all the variables included in the
study will be performed. For the quantitative variables,
robust estimators of central tendency (mean, winsorized
mean, trimmed mean, Huber estimator) and of sample
variability (SD, standardised median absolute deviation,
sample quasi-α-Winsorised-standard deviation, weighted
root mean variance and the adjusted percentage root
mean variance) will be used. CIs will be calculated
by applying bootstrap or resampling methods. The
maximum, minimum, skewness and kurtosis of the distributions will be calculated. For comparison of two related
means, the Wilcoxon test or the robust generalisation of
repeated measures ANOVA will be used.
For qualitative variables, the frequency of the distributions will be calculated with percentages. For comparisons, Pearson’s χ2 or McNemar’s test will be used as
appropriate.
The total score on the usability and user satisfaction
scales (SUS and QUEST) will be calculated according
to the instructions of each instrument, and a descriptive
analysis of these results will be performed for the overall
sample. The results for the usability of and the physician
satisfaction with the device will be analysed for the overall
sample.
Finally, a descriptive analysis of the frequency and
severity of the adverse effects and device-related adverse
effects will be performed.
Patients lost to follow-up will be included in the analysis
if at least one therapeutic adjustment was made before
dropout. The baseline data of the patients lost before this
point, will be also analysed in order to study the potential
impact of these dropouts in the balance between groups,
regarding the main confounding factors.
The analysts will be blinded to the type of diagnostic
intervention in each group.
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the monitoring information that has been assigned to
them by chance. This could lead to a greater effort to optimise the medication regimen by neurologists with access
to Holter data and by neurologists with access to the diary.
While this phenomenon is not due to a Hawthorne effect
(neurologists try harder because they know they are being
observed in the study), it is not necessarily a negative
phenomenon, since it is possible that part of the improvement potentially produced by these means of monitoring
is due to the neurologist’s increased attention to the case.
That is, it is possible that the diary or Holter produce
better clinical results not only because of the information
they produce but also because they encourage neurologists to better adjust medication, which is one of the positive effects that should be included in the observation.
In contrast, neurologists may in fact be subjected to
the aforementioned Hawthorne effect.27 Given that
the protocol is identical in all arms of the study, if the
Hawthorne effect is symmetrical, that is, if it has the same
consequences in all arms, it will not affect the relative
comparisons between arms. However, if the effect is more
marked in any of the arms (eg, in the case of neurologists
who do not have additional information but who particularly strive due to being observed in the study), then the
differences observed in the study may vary with respect to
the real ones in clinical practice.
In addition, observer bias may occur in this study
because the neurologists, who know the information they
have managed, are also responsible for applying some
instruments to measure the secondary outcomes.28 That
is, knowledge of the study arm can lead to changes in the
way the UPDRS is applied or interpreted, for example.
This bias has been reduced as much as possible by
removing the responsibility of applying the scales from
the participating neurologists: the scales will be self-
applied or applied by telephone by a blinded evaluator,
except for the UPDRS, which requires a physical examination by the neurologist. In any case, the results to
which the neurologists were not blinded will be analysed
with techniques that attempt to determine the presence
of this bias: observer bias tends to more strongly affect less
severe patients; therefore, if the intervention is effective
only in less severe patients, the possible presence of this
bias will be reported.29
Finally, the duration of the clinical review has not been
considered as a variable, thus, there will not be possible to
draw conclusions on the time consumed in patient attention in the different study arms.
In conclusion, this clinical trial has been designed to
determine whether automated symptom monitoring
systems (Parkinson’s Holter) improve the clinical control
of patients with motor fluctuations. We expect the first
results in 2022.
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Company information:
Sense4Care S.L.

Mail Address:
Carrer Tirso de Molina, 36, Office 18.
Cornellà del Llobregat, Barcelona, 08940,
Spain.
Contact information:
• General information: info@sense4care.com
• Technical Support: support@sense4care.com
• Sales: sales@sense4care.com
• Webpage: http://www.sense4care.com
• Telephone: +34-93-492-39-59

User Guide, Rev 1.6. This device has been made under the Council Directive
93/42/EEC, being certified as a Medical Device Class IIa.
Sense4Care guarantees that the device has been built under the ISO 9001:2015
for the design, manufacturing and commercialization of industrial electronic
controls. Furthermore, Sense4Care also guarantees that the device has been
built under the ISO 13485:2016 for the design and manufacturing of electronic
controls as well as medical devices.
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0. Warnings, care and use instructions
Please, read carefully the user manual before using the device. Check that everything is correct before using the
system.
Use only accessories supplied and/or authorized by the manufacturer
The product must be repaired by Authorized staff by the manufacturer
Equipment modifications must be done by Authorized staff by manufacturer
This device must be used by health professional staff.

Indications
STAT-ON is a waist-worn inertial device, configured by a doctor and used by the patient, that collects the movements
from patients with Parkinson disease.

Device Sensor




















Do not expose the system to liquids. Liquid exposure may permanently damage the system.
Do not use the system under 0ºC conditions or over 40ºC. Wait at least two hours for the system to return
to room temperature before it is turned on.
Operate system with room humidity between 45% and 85%.
Keep the electrical cord away from walking paths.
Improper routing of cabling may result in a choking hazard.
Do not put metallic elements on the charging pad.
Do not use in oxygen rich-environments.
Do not use with inflammable agents.
Do not use with flammable anaesthetics.
Preferably use in waking hours and daily living activities. Do not use the sensor in sports. If so, inform the
health professional about it. Manufacturers recommend not to sleep with the sensor since it can be
oppressive and might cause physiological discomfort. The sensor must be managed only in clinical
environments.
Vehicles (car, motorcycle, bus or train) could affect the output of some algorithms.
Do not use the sensor in medical interventions (surgical procedures, X-ray sessions, magnetic resonances…).
The sensor and the smartphone must be at a distance of 1.5 meters from any other medical device when
they communicate in order to not to produce interferences.
Limited warranty covers any defect in the device under normal use during warranty period (2 years).
Warranty does not cover any problem that is caused by conditions, malfunctioning or damage not resulting
from normal use. It is not allowed to open the enclosure, otherwise, Limited warranty will not be applied.
Battery is non-replaceable. The box is closed and it only can be opened by qualified personnel. Contact the
manufacturer support in case of some malfunctioning of the battery.
Use the battery supplied and/or authorized by the manufacturer
There is no risk of reciprocal interference from the presence of the equipment during investigations or
treatment

Belt






Ironing allowed but use low heat
Do not dry clean
Maximum washing temperature up to 100ºC
Do not bleach
Do not tumble dry

Charge system




Do not use another charger. The charger base may be damaged.
The user must plug the charger system in a position that enables to unplug it easily.
The battery has a life expectancy of 6 years.
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Disinfection Procedure





The device is not in contact with the patient. It is not necessary to clean the device but we recommend to
clean it after some use with wet wipes.
Do not submerge the device into water for cleaning up the device.
Do not use abrasives as they may damage the sensor.
The multiple cleaning of the device does not affect the integrity of the case material.

Isolation


Type BF. Applicable parts are the sensor device and the belt.

Disposal instructions
Affixed to this device in accordance with European Council Directives 2002/96/EC.
These directives call for separate collection and disposal of electrical and electronic equipment. Sorting
such waste and removing it from other forms of waste lessens the contribution of potentially toxic
substances into municipal disposal systems and into the larger ecosystem. Please, return to SENSE4CARE
S.L. at the end of its operating life.
Contraindications


The STAT-ON device is not indicated for:
o Healthy people or people without movement disorders.
o Children
o Parkinson’s Disease patients with Hoehn & Yahr Scale 5.



The STAT-ON device does not detect Parkinson’s Disease. The device monitors Parkinson’s Disease once it
is already diagnosed by a Neurologist or an expert.
The device and its App must be only used by Neurologists or Health experts (e.g. nurses, rehabilitation
experts, therapists).



Secondary or side-effects / Adverse reactions



The STAT-ON device cannot be worn by a person in wheelchair or using crutches. The results will not be
valid in these conditions.
The STAT-ON device must be worn correctly as the Instructions for User indicates. Otherwise, results will
not be valid.

SENSE4CARE S.L. 2012-2019, All Rights Reserved.
REV 1.6 – JUN 2020
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2. Intended Use
STAT-ON is a waist-worn inertial recorder, configured by a doctor and used by the patient for
clinical, ambulatory, or home environments, that collects the results of the motor disorders and
events of the Parkinson’s Disease patient’s in a period of time.
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3. About STAT-ON
The STAT-ON system consists of a monitoring device, its base charger, a belt, and a mobile
application. The system provides numerical and graphical information of the motor symptoms
associated with Parkinson's disease. Furthermore, data related to the general motor activity of
the patient are calculated.
The device collects the inertial signals of the patient's movement continuously, processes it in
real time by means of artificial intelligence algorithms and stores the results in its internal
memory. The sensor must be only managed in clinical environments and only health staff can
operate the App and the device. The patient should wear the sensor in their daily life activities
with the aim of providing relevant information to health professionals.
The smartphone application connects to the STAT-ON device via Bluetooth (BLE). The App is
used both for configuring the system and for downloading the data previously generated by the
sensor. The mobile application can send the data enclosed into a report by email or digital
support to any user, caregiver, therapist or neurologist.
STAT-ON has been developed under the PARK-IT project, funded by the European Commission
(Grant Agreement: 756861 — PARK-IT 2.0 — H2020-SMEInst-2016-2017/H2020-SMEINST-2-2016-2017).
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the user should configure the following parameters: Patient ID, Age, Leg Length and Hoehn &
Yahr value. These should be configured through the STAT-ON App via Bluetooth. Read section
6.6 of this document for detailed information on how to configure the sensor.
Once the sensor is configured, it will alternate SLEEP and MONITORING states, which are the
normal operation states.

5.3.4. Monitoring, sleep and standby
When the sensor is correctly configured and has detected some movement, it enters
MONITORING state. In this state, the patient’s movement is monitored and the algorithms are
executed. In addition, its status LED will blink in green colour. This is the normal operation state
and implies that the sensor is running correctly. However, if no movement is detected for some
minutes or if the sensor is charging, the device may enter SLEEP state in order to save power.
The device will resume monitoring after detecting any movement.
Given that the power save mode is enabled and disabled automatically; the user does not need
to power the device on or off.
The STANDBY state is an optional state that can be enabled once the sensor is correctly
configured. It can be enabled using the <Standby> button at the configuration area. This option
forces the sensor to pause monitoring without losing its configuration (see section 6.6.7). Once
the sensor’s button is pressed, the sensor will resume monitoring.

5.3.5. Full memory
If the internal memory of the device fills up, its status led will blink in red colour. Since there is
no space in memory, the sensor will not record any new data. It is therefore recommended to
synchronize the device data using the STAT-ON App. After the data is sent, the device memory
will be automatically cleared and the sensor will be able to monitor again. Formatting (clearing
the memory of the sensor) can be also done, but in this case, the stored data not yet
synchronized will be completely lost.

5.3.6. Synchronization
The synchronization process consists of transferring the stored data from the sensor to the
smartphone. This can only be done by using the STAT-ON App (see section 6.5- Synchronization
Area). While this process is ongoing, the status led will quickly blink in blue colour and the App
will show a progress bar. After receiving all the data from the sensor, the app will generate the
corresponding files and reports automatically.

5.3.7. Format
The format process completely clears the device memory. Formatting the sensor is only
recommended if the device will not be used for a long time. Synchronizing the data contained
in the sensor is recommended before starting the format process; otherwise, all the stored data
not yet transferred to the smartphone will be lost. After formatting the device, its previous
configuration will also be lost, thus the sensor needs to be configured again to re-enable it. The
format sequence can be started by using the App, by pressing the <DELETE> button (see section
6.6.8- Delete button).

5.3.8. Error
If the sensor detects an internal system malfunction, it will enter ERROR state. The status led
will stay in red colour. Most processes and operations, like monitoring or executing algorithms,
REV 1.6 – JUN 2020
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hypokinesia and, on the other hand, voluntary movements that are associated with
bradykinesia. It should not be forgotten that the pathophysiology of bradykinesia is the cardinal
symptom per excellence of PD and, furthermore, this symptom has a greater degree of
correlation with the level of dopamine deficiency and, therefore, with the fluctuations between
motor states in PD. Peak-dose dyskinesia is a side effect of the medication that provides a clear
indication of the patient's motor status, being associated with ON state.
FoG is another symptom that is of special interest because it is one of the most disabling
symptoms of PD. FoG has different characteristics from other parkinsonian symptoms, for
example, it has not been possible to clearly correlate the frequency of FoG episodes with other
motor symptoms of PD, such as stiffness and bradykinesia. Although in many cases it is not a
particularly useful symptom to assess the patient's motor status, it is useful to evaluate the
evolution of this symptom and the mobility difficulties of the patient.
The detection method of ON / OFF states in patients with PD depends on the characterization
of the motor symptoms that the patient presents in each of the states. In this sense, two specific
detectors are used, which analyze the presence of dyskinesia and the bradykinetic gait. The
outputs of the detectors are merged into a global classifier that provides the estimation of the
motor state.
The bradykinesia detector is based on the analysis of patients' gait and has been validated in
several studies that can be found in [1]–[4]. Given that this detector is self-adaptive, it must have
a minimum data period of three days.
The detector of choreic dyskinesia is based on the detection of the frequencies of dyskinesia
maintained during prolonged periods of time. The outputs of these algorithms are combined
through a decision tree, which performs the detection of the motor states. The detail of these
algorithms can be found in [5].
The presented architecture has implications for the interpretation of the data presented in the
graph. The most relevant is that the sensor emits an OFF verdict when the patient walks. In other
words, in those patients who have very deep OFF states in which they cannot move, STAT-ON
will not be able to issue a verdict. On the other hand, ON states are associated with the
prolonged physical dyskinesias in time, in addition to the bradykinesia level. As aforementioned,
since the bradykinesia algorithm is self-adaptive, another implication is that the system will only
show this information if a minimum of 3 days of data has been captured.
The FoG detector is based on the analysis of windows of 1.6 seconds and, therefore, this is the
minimum temporal resolution. This means that, although episodes of freezing lasting less than
1.6 seconds are detected, all of them will be reported as 1.6 seconds long. Another example can
be that two episodes of 1.8 seconds and 3.1 seconds will be reported as episodes of 3.2 seconds.
This means that when STAT-ON reports a FoG episode of 1.6 seconds it will last from 0 to 1.6
seconds, whereas when a 3.2 seconds episode is reported it will result in a duration between
1.6 seconds to 3.2 seconds. For more details on this detector go to [6].
It must be noted that the total number of reported falls might be confused since the system also
analyses the movements when the patient removes the sensor belt or puts it on. These moments
involve movements that could be similar to a fall and the system could generate a false positive.
The detection of activities, and more specifically the length and speed of the step, are algorithms
specifically developed and adjusted with data from patients of PD. You can find the details of
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User ID: Numeric identifier of the patient, this is a number configurable from the app
that serves to anonymize the patient's data and that only clinical professionals have
access to the relationship between the captured data and the identity of the patient.
Age: Age of the patient.
Hoehn & Yarh: PD stage evaluation, provided are the values in OFF and ON state.
e-mail: e-mail to where the report will be sent.
Study start date: Day and Hour of the start of the monitored phase.
Study ending date: Day and Hour of the end of the monitored phase.
Total days monitored: Total number of days in which the patient has been monitored.

In the second table a summary of the symptoms and physical activity during the monitored
period is shown:
•

•

•
•

•

•
•
•
•
•

Total FoG Episodes: Total number of FoG episodes that have been measured during the
monitored period. It is a totalizer which has a strong dependence on the length of time
monitored.
Average FoG Episodes per day: It is a comparable relative measure between patients or
separate monitoring periods. Standard deviation is also provided, which gives evidences
as to whether the patient has FoG episodes consistently every day or whether there are
days that show more than others.
Average minutes walking per day: It is a good indicator of physical activity presented by
the patient.
Average number of steps per day: In patients without gait disorders, it provides very
similar information to walking minutes, but in the case of presenting gait disorders this
parameter is significant to assess the disease.
Number of falls: Number of falls that the patient has presented during the monitoring
period. Given the aforementioned factors, it must be noted that this monitoring system
does not present a feedback system with the user, so the system can confuse actions
such as removing or putting the sensor on the waist as a fall generating false positives.
Time in OFF (% regarding total time monitored): Percentage of time monitored in which
the patient presents OFF state.*
Time in Intermediate (% regarding total time monitored): Percentage of time monitored
in which the patient presents INTERMEDIATE state.*
Time in ON (% regarding total time monitored): Percentage of time monitored in which
the patient presents ON state.*
Time with dyskinesia (% regarding total time monitored): Percentage of time monitored
in which the patient has evidenced dyskinesia episodes.*
Total time monitored: Total monitored time in hours.

*For an extended explanation of the measurement, see the explanation of the corresponding
graph.
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8. Frequently asked questions (FAQs)
Q: I have pressed the button but the sensor does not turn on (its LED does not blink):
Place the sensor on a charging pad, the orange led may light up. After a few minutes, press the
sensor’s button.
Q: When do I have to press the button?
The button is only pressed when the sensor is in shutdown Mode or standby mode. This is not a
ON/OFF button. To switch the sensor OFF, do it with the App.
Q: How do I stop the sensor?
In order to save power, the sensor enters sleep mode automatically when no movement is
detected for some minutes and wakes up automatically as well, thus, there is no need to turn
the sensor ON/OFF. However, if the sensor will not be used for a long period of time it can be
shut down by clearing its memory (see the Format section 5.3.7).
Q: Which is the minimum time that the user should wear the sensor?
The sensor needs a minimum of 24 hours of data, which should be captured within three
different days (i.e. 8h/day * 5 days approx.). However, it is recommended to wear the sensor, at
least, for a week. The user must use it during the activities of daily living.

Contact support@sense4care.com for any other issues.
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11. Privacy
In compliance with the General Data Protection Regulations (GDPR), SENSE4CARE, S.L guarantees that collected data
is uniquely stored within the device and that only the user is responsible of the use of these data. In its present form,
STAT-ON is not capable to share the collected data to a third party without the user consent.
Sense4Care S.L. will only access to data under the expressly consent of the user and the owner of the STAT-ON device.
Shared data to Sense4Care S.L. will be always pseudonymised, in any case. Pseudonymised data that the user provides
us will be incorporated into a file of our responsibility and will be kept under the strictest measures of security and
confidentiality.
You can exercise the rights of access, rectification, deletion, opposition and portability by contacting C / Tirso de Molina
36, Of.18; 08940 - Cornellà de Llobregat, Barcelona; or to the following email: info@sense4care.com.
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12. Technical specifications
Communications
Bluetooth 4.0 (Bluetooth Low Energy)
2,4 GHz
WPC v1.1 Qi Industry Standard
100-205 kHz
Electrical features
Power Supply (charger)
100-240 Vac, 0.3-0.6 A, 50-60 Hz
Battery: Type
Lithium-Polymer
Battery: Capacity
1100 mAh
Battery: Charging time
<6 h
Battery: Maximum charging current
500 mA
Battery: Maximum discharge current (peak) 135 mA
Average consumption (normal use)
2.5 mA
Physical features
Height
62,5 mm
Width
90 mm
Depth
21,20 mm
Weight
86 g
Enclosure material
ABS-FR(17) UL94, UV Protection White
- Matte
Environment specifications
Temperature operation range
From 0°C to 40°C
Temperature in charging conditions
From 0°C to 40°C
Storing conditions
The system must be stored at a
temperature close to 20ºC and with
batteries charged about 30% to 50% of
capacity.
We recommend relative humidity
storage from 45 to 85%.
We recommend that batteries be
charged about every half year to prevent
over discharge.
Directly heat cell body is strictly
prohibited. Battery may be damaged by
heat above 100ºC.
Bluetooth specification
Bluetooth bandwidth
Wireless charging standard
Wireless charging bandwidth

Atmospheric pressure conditions

700hPa to 1060hPa
Certification
Protection against and dust and water
IP65
Battery in medical use
IEC62133
Design, fabrication and commercialization of ISO 9001:2015
industrial electronic controls.
Medical Quality Management System and
ISO 13485:2016
Medical Devices sales, development,
manufacturing, delivery and maintenance
including related services
Medical Device certification
CE Marked number: 0051
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13. Certification
#

Standard

Harmonized

1

EN 1041:2008
Information supplied by the manufacturer of medical
devices

YES

2

EN 15223-1:2016
Symbols for use in the labelling of medical devices

YES

3

4

5

6

7
8

9

10

11

12

13
14

EN ISO 60601-1:2006/A1:2013
Medical electrical equipment. Part 1: General
requirements for basic safety and essential
performance.
EN ISO 60601-1-2:2015
Medical electrical equipment. Part 1-2: General
requirements for basic safety and essential
performance. Collateral standard: Electromagnetic
compatibility. Requirements and tests.
EN 60601-1-6:2010
Medical electrical equipment - Part 1-6: General
requirements for basic safety and essential
performance - Collateral standard: Usability
EN 60601-1-11:2010
Medical electrical equipment - Part 1-11: General
requirements for basic safety and essential performance Collateral Standard: Requirements for medical electrical
equipment and medical electrical systems used in the home
healthcare environment

EN 62304:2006+/AC:2008
Medical device software. Software life cycle processes.
EN ISO 14971:2012
Medical devices - Application of risk management to
medical devices
EN 80002-1:2009
Medical devices software. Guidance on application of
ISO 14971 to medical device software
EN ISO 62366:2008
Medical devices. Application of usability engineering to
medical devices
MEDDEV 2.7.1 (2016)
Clinical Evaluation Clinical Evaluation – A guide for
manufacturers and notified bodies
EN ISO 14155:2011
Clinical investigation of medical devices for human
subjects. General requirements
EN 62353:2014
Medical electrical equipment – Recurrent test and test
after repair of medical electrical equipment.
RED 2014/53/EU
The Radio Equipment Directive
REV 1.6 – JUN 2020

YES

Application
Used to establish the information
needed for product use and
general
aspects
of
the
presentation of information
Used to set the appearance of
graphical symbols included in the
labelling of our product.
Used for establishing the basic
safety and essential performance.
Date of cessation of conformity for
previous ed. 31.12.2017

YES

Used for establishing the safety
and
functionality
EMC
requirements

YES

Used for establishing usability
requirements for medical electrical
equipment

NO

Se utiliza para establecer los requisitos
y las pruebas para el dispositivo como
equipo eléctrico médico y sistemas
médicos eléctricos utilizados en el
entorno
de
atención
médica
domiciliaria.

YES
YES

NO

Used for establishing the life-cycle
of software
Used for establishing the risk
management process for the
product
Used for establishing the risk
management process for the
software

YES

Used to minimize use-errors

NO

Guidance for
Evaluation

YES

NO
YES

device

Clinical

Applies only chapter 4 and
recommendations for the review
of data and medical and scientific
information published / available
as Annex A.
Used for establishing the test after
repair
and
preventive
maintenance plans
Used for establishing the radio
Equipment requirements
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15

ETSI EN 300 328 V2.1.1
Harmonised Standard covering the essential
requirements of article 3.2 of Directive 2014/53/EU

16

ETSI EN 301 489-1 V2.2.0
Article 3.1b Directive 2014/53/EU - RED

NO

17

ETSI EN 301 489-3 V2.1.1
Article 3.1b Directive 2014/53/EU - RED

NO

18

ETSI EN 301 489-17 V3.2.0
Article 3.1b Directive 2014/53/EU - RED

NO

19

ETSI EN 303 417 V1.1.1
Wireless power transmission systems
Harmonised Standard covering the essential
requirements of article 3.2 of Directive 2014/53/EU

NO

20

EN 60601-1-11:2015
Medical electrical equipment - Part 1-11: General
requirements for basic safety and essential
performance - Collateral Standard: Requirements for
medical electrical equipment and medical electrical
systems used in the home healthcare environment

NO
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Wide Band Data Transmission
equipment standard.
ElectroMagnetic
Compatibility
(EMC)
standard
for
radio
equipment and services; Part 1:
Common technical requirements;
ElectroMagnetic
Compatibility
(EMC)
standard
for
radio
equipment and services; Part 3:
Specific conditions for Short-Range
Devices (SRD)
ElectroMagnetic
Compatibility
(EMC)
standard
for
radio
equipment and services; Part 17:
Specific conditions for Broadband
Data Transmission Systems;
Wireless power transmission
systems, using technologies other
than radio frequency beam, in the
19 - 21 kHz, 59 - 61 kHz, 79 - 90 kHz,
100 - 300 kHz, 6 765 - 6 795 kHz
ranges;
It is used to establish the
requirements and tests for the
device such as medical electrical
equipment and electrical medical
systems
used
in
home
environments.
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