
Abstract. Background: Accurate assessment of symptoms in
Parkinson’s disease (PD) is essential for optimal treatment
decisions. During the past few years, different monitoring
modalities have started to be used in the everyday clinical
practice, mainly for the evaluation of motor symptoms.
However, monitoring technologies for PD have not yet gained
wide acceptance among physicians, patients, and caregivers.
The COVID-19 pandemic disrupted the patients’ access to
healthcare, bringing to the forefront the need for wearable
sensors, which provide effective remote symptoms’ evaluation
and follow-up. Case Report: We report two cases with PD,
whose symptoms were monitored with a new wearable CE-
marked system (PDMonitor®), enabling appropriate
treatment modifications. Conclusion: Objective assessment of
the patient’s motor symptoms in his daily home environment
is essential for an accurate monitoring in PD and enhances
treatment decisions.

During the last years, wearable sensors and remote
monitoring systems have been used in healthcare for
monitoring symptoms and activity of patients in their
everyday environment and this technology is constantly
improving to meet patients’ needs and physicians’
expectations (1, 2). In advanced Parkinson’s disease (PD),
parkinsonian symptoms gradually exacerbate and the
response to levodopa changes, contributing to the emergence

of motor fluctuations. Motor fluctuations are characterized
by the transition between periods of good symptom control
and others with poor symptom control. Accurate assessment
of these fluctuations is crucial for the optimal treatment
decisions that can alleviate the problem (3-5).
However, the current diagnostic approach poses

difficulties in a thorough evaluation of the duration of
periods with satisfactory motor performance and others with
prominent parkinsonian symptoms, due to inadequate
information acquired from in-person (or virtual) patient
encounters and low reliability of self-reports and diaries (6).
In response to this issue, several monitoring systems have
been developed so far to provide the means for telehealth in
PD and other neurodegenerative diseases (7). Wearable
devices can offer prolonged objective measurements of
motor symptoms (8). Sensors that are currently in use, can
help in the evaluation of motor symptoms in patients’ home
environment and have shown promising results in the care
of patients with PD (9, 10). Nonetheless, disadvantages of
these technologies still exist, like the fact that each device
has shown satisfactory results only in the detection of
specific symptoms and not sufficient correlation with
patients’ diaries (11, 12), thus further enhancements and
clinical validation will guarantee the applicability of
wearable technologies in everyday clinical practice (13, 14).
Especially, in the era of the COVID-19 pandemic that
disrupted the patients’ access to healthcare, poor follow-up
of the patients aggravates the difficulties on the clinical
evaluation and threatens to deteriorate their quality of life
(15, 16). The present report includes two cases with
advanced PD and troublesome fluctuations whose motor
symptoms were monitored with PDMonitor®, a wearable
monitor system, accompanied by a mobile app for
medication adherence and patient reported events, that can
detect and monitor all motor manifestations of PD and the
patients’ daily activity.
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Case Presentation

Case 1. A 70-year-old male patient diagnosed with PD eight
years ago and on levodopa treatment for the last seven years,
presented reporting exacerbation of the symptoms during the
afternoon and excess fatigue, making it difficult for him to
continue his activities. During the last years the patient was
stable, and was even able to continue working, receiving
high doses of levodopa (1,000 mg per day), an inhibitor of
monoamine oxidase-B rasagiline (1 mg per day), and
dopamine agonists rotigotine (8 mg per day) and ropinirole
(8 mg per day). Initial assessment of the patient in the
outpatient department revealed only mild parkinsonian
symptoms, and despite intensive effort to acquire an accurate
history, self-reported information about symptoms was
inadequate to lead into a definite diagnosis. Since
hospitalization could not be addressed for symptoms
monitoring, due to restrictions applied during the COVID-
19 pandemic, the use of PDMonitor® was proposed, for
assessment of the symptoms in the patient’s daily
environment throughout the daytime. The patient wore the
system consisting of wearable sensors for two days and in
parallel, used the mobile application to demarcate the time
periods of symptoms’ worsening. The report produced by the
device (Figure 1) revealed that the patient experienced rapid
transitions between “ON” and “OFF” periods, with
exacerbation of bradykinesia, freezing of gait, and gait
impairment during the “OFF” time. These motor
complications were more pronounced during the afternoon
and appeared to have perfect match with the periods of
symptoms’ worsening marked by the patient. With the aid of
the PDMonitor® report, the doses of levodopa were
increased from five per day to six per day, and apomorphine
injections were introduced to cover the intermediate periods
with sudden and unpredictable changes in the symptoms.
Finally, the medication’s changes effectively addressed
patient’s symptoms and improved his quality of life.

Case 2. The second case is a female patient, 73 years old,
diagnosed with PD four years ago and on levodopa treatment
from her initial diagnosis. The patient had also a long history
of depression, treated during periods of symptoms’
exacerbations with serotoninergic medications. The last
months, after a stressful event, the patient experienced
sudden recurrent episodes of intense fear and anxiety
accompanied by shortness of breath and restlessness. The
initial diagnosis was panic disorder and different medications
(serotonin reuptake inhibitors, benzodiazepines and
neuroleptics) were applied to address it, without any
significant improvement. Clinical evaluation of the patient
during one of the episodes revealed significant deterioration
of movements with increased bradykinesia and rigidity,
along with anxiety and fear. Thus, a close monitoring was

proposed for the patient to assess the nature of the
symptoms. Social distancing and restrictions in the access to
healthcare units, due to the COVID-19 pandemic, posed
difficulties in an in-person long lasting evaluation. The use
of PDMonitor® was chosen instead, for continuous
monitoring of motor symptoms during daytime. The report
created by the system (Figure 2) was highly correlated with
exacerbation events as those reported by the caregiver. The
evaluation showed a perfect match of the panic attacks with
periods of re-emergence of parkinsonian motor symptoms
and the diagnosis of non-motor wearing off was set, with
prominent changes in mood, anxiety, fear, and restlessness.
The gradual increase of daily levodopa dose from 300 mg to
900 mg, along with the initial treatment of benzodiazepines
and neuroleptics, led to the reduction in the frequency of the
episodes and alleviation of the symptoms.

Discussion and Conclusion

The treatment for PD is currently focused on the optimal
management of motor and non-motor symptoms, since there
is no therapy up to date, with proven efficacy on
neuroprotection or modification of disease progression (4).
For physicians, accurate information about the
symptomatology of the patients throughout the day are
indispensable, in order to reach the right treatment decisions
(5). Technology-empowered precision medicine is offering
nowadays the means for accurate monitoring of the patients
and wearable devices are used frequently in the everyday
clinical practice (17). During the COVID-19 pandemic, these
technologies seem to gain more ground, offering a reliable
monitoring remotely, and abridging the time needed for in-
person clinical examination (18).
Assessment of symptoms in advanced PD is very often a

challenging task, due to the diversity of motor and non-
motor symptoms and the rapid transitions between “ON” and
“OFF” periods. Besides, the time of in-person clinical
evaluation is usually limited, giving only a partial view of
the total clinical manifestations, and traditional means like
self-reported symptoms, diaries and caregivers’ descriptions,
aim to bridge the gap of missing information. However,
these means are very often inadequate and even worse, they
may mislead physicians, in case of poor descriptions caused
by memory limitations, wrong interpretations of the
symptoms’ nature, and over- or under-estimation of
symptoms due to mood disorders (19).
The two cases presented here are illustrative examples of

the potential of a wearable monitoring system to capture
accurately the diverse clinical manifestations of advanced
PD, reducing the need for prolonged in-person examination
or hospitalization. Both cases presented, had significant
difficulties in the diagnostic approach posed due to missing
information on the time course of symptoms throughout the
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Figure 1. Report diagram from PDMonitor® showing the total ‘OFF’ score of the patient calculated by the system for a selected period, expressed
as a score between 0 and 1. The report shows transitions between an ‘ON’ and ‘OFF’ state and exacerbation during afternoon.

Figure 2. Report diagram from PDMonitor® showing the total ‘OFF’ score of the patient calculated by the system for a selected period, expressed
as a score between 0 and 1. The report shows periods with a high ‘OFF’ score that were highly correlated with exacerbation events reported by
the caregiver.



day. With the use of PDMonitor®, physicians had access to
an objective assessment of the patient’s motor symptoms as
those manifested in his daily home environment and
managed to reach a final diagnosis and make the right
treatment decisions.
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