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Research vs clinical practice

CLINICAL PRACTICERESEARCH
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Software as a Medical Device: "software intended to be used for one or 

more medical purposes that perform these purposes without being part 

of a hardware medical device."
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Benjamens, S., Dhunnoo, P. & 

Meskó, B. The state of artificial

intelligence-based FDA-approved

medical devices and algorithms: 

an online database. npj Digit. 

Med. 3, 118 (2020). 







TELE CONSULT



TELECONSULT: CHATBOT



AI

Automatic medical report

Televisit



Parkinson’s disease

THERAPY

MANAGEMENT
MISDIAGNOSIS

One diagnosis out 
three is wrong

Costant fluctuation around
ideal motor status

800k
YEARLY MISDIAGNOSIS
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No objective disease
biomarkers
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TELE DIAGNOSIS

TELE MONITORING



Computer Vision
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AI

Computer vision for movement analysis



RIGIDITY FINGER TAPPING HAND MOVEMENTS PRONOSUPINATION TOE TAPPING LEG AGILITY

ARISING FROM

A CHAIR GAIT POSTURAL STABILITY POSTURE POSTURAL TREMOR KINETIC TREMOR REST TREMOR

FACE EXPRESSIONS

MDS-UPDRS



AI

Computer vision for movement analysis

Televisit

Face Hand Full body



FACE Analysis



Hypomimia

(Postuma et al., 2012)
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Hypomimia
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Quantitative Facial Expression Analysis



Facial Action Coding System (FACS)

(Amos et al., 2016) 

FACE LANDMARKS EYE LANDMARKS

(Baltrusaitis et al., 2013)
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Face analysis
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Parkinson’s disease hypomimia predictor (PHP)

FACE LANDMARKS

EYE LANDMARKS
Blinking intensity

max.AU45.r: Maximum value

AU45 (blink: relaxation of levator

palpebrae and contraction of

orbicularis oculi, pars palpebralis)

Lips distance

max.lips.2D.1: Maximum value 

between face landmarks 51 and 

57

Legend= ** : Mann–Whitney U test  p<0,01

AUC  0,949





VIDEO ANALYSIS

EYE BLINKING

ON OFF



UNIVERSAL FACIAL EXPRESSIONS



UNIVERSAL FACIAL EXPRESSIONS





DEPRESSION

Finzi E, Rosenthal NE. Treatment of depression with 

onabotulinumtoxinA: a randomized, double-blind, 

placebo controlled trial. J Psychiatr Res. 2014



VOICE Analysis



Quantitative Speech Analysis

OBJECTIVE 
NUMERICAL

OUTPUT
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(Postuma et al., 2012)



Audio analysis



Audio analysis



Quantitative Speech Analysis

MACHINE VS CLINICIANS

2 UPDRS points difference

Tsanas A,  J R Soc Interface. 2011 Jun

6;8(59):842-55. doi: 10.1098/rsif.2010.0456. 
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Quantitative Speech Analysis
Voice biomarkers for Anxiety and Depression



DEPRESSION













MOVEMENT Analysis



(Postuma et al., 2012)

Early diagnosis



FINGER TAPPING HAND MOVEMENTS PRONATIO-SUPINATION

TOE TAPPING LEG AGILITY

AMPLITUDE (M)

VARIABILITY OF FREQUENCY

VELOCITY (M/S)

QUANTITATIVE ANALYSIS



VIDEO Deep learning Landmarks detection



Hand LandmarksKinematic analysis and Pose detection

VIDEO Deep learning Landmarks detection

VIDEO with landmarks
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Full body analysis
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https://doi.org/10.3390/s25206373



Full body analysis
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Bradykinesia
Slowness of initiation of volountary movements

with progressive reduction in speed and amplitude of repetitive action

Normal Slight Bradykinesia Mild Bradykinesia Moderate Bradykinesia Severe Bradykinesia

Normal Slight Bradykinesia Mild Bradykinesia Moderate Bradykinesia Severe Bradykinesia



Bradykinesia
• Slowness of initiation of volountary movements

• with progressive reduction in speed and amplitude of repetitive action

Normal

a:  0,15 px

v:  0,91 px/s

Slight Bradykinesia

a:  0,07 px

v:  0,44 px/s

Mild Bradykinesia

a:  0,05 px

v:  0,14 px/s

Moderate Bradykinesia

a:  0,01 px

v:  0,13 px/s

Severe Bradykinesia

a:  0,02 px

v:  0,08 px/s



Rest Tremor

f:  6,1 Hz f:  2,4 Hz



VIDEO ANALYSIS

FINGER TAPPING

ON OFF
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ON

mild dyskinesias
OFF

VIDEO ANALYSIS

GAIT



Caso clinico: caratteristiche generali del paziente

 Età al momento dell’impianto: 68 anni

 Sesso: M

 Situazione familiare: caregiver (moglie), figlia

 Status lavorativo: pensionato

Overview dei paziente

Caratteristiche cliniche

 Età alla diagnosi: 59 anni

 Durata di malattia: 9 anni

 Anno di comparsa delle fluttuazioni motorie: 65 anni

 Off: 3-4 ore, frequenti cadute, Discinesie 2-3 ore

 Presenza di sintomi non motori: iposmia, stipsi, RBD, 

sindrome ansioso-depressiva, difficoltà prassico 

costruttiva con profilo cognitivo globale conservato, 

allucinazioni e shopping compulsivo

 Sonno: insonnia intermedia

 Presenza di acinesia al risveglio e notturna

 Comorbidità: deficit ipofisario (apoplessia ipofisaria)

f 0,54 Hz

f 0,44 Hz

OFF

OFF



 Età al momento dell’impianto: 68 anni

 Sesso: M

 Situazione familiare: caregiver (moglie), figlia

 Status lavorativo: pensionato

Overview dei paziente

Caratteristiche cliniche

 Età alla diagnosi: 59 anni

 Durata di malattia: 9 anni

 Anno di comparsa delle fluttuazioni motorie: 65 anni

 Off: 3-4 ore, frequenti cadute, Discinesie 2-3 ore

 Presenza di sintomi non motori: iposmia, stipsi, RBD, 

sindrome ansioso-depressiva, difficoltà prassico 

costruttiva con profilo cognitivo globale conservato, 

allucinazioni e shopping compulsivo

 Sonno: insonnia intermedia

 Presenza di acinesia al risveglio e notturna

 Comorbidità: deficit ipofisario (apoplessia ipofisaria)

vel 0,64 px/s 

vel 1,69 px/s

OFF

ON

Caso clinico: caratteristiche generali del paziente



 Età al momento dell’impianto: 68 anni

 Sesso: M

 Situazione familiare: caregiver (moglie), figlia

 Status lavorativo: pensionato

Overview dei paziente

Caratteristiche cliniche

 Età alla diagnosi: 59 anni

 Durata di malattia: 9 anni

 Anno di comparsa delle fluttuazioni motorie: 65 anni

 Off: 3-4 ore, frequenti cadute, Discinesie 2-3 ore

 Presenza di sintomi non motori: iposmia, stipsi, RBD, 

sindrome ansioso-depressiva, difficoltà prassico 

costruttiva con profilo cognitivo globale conservato, 

allucinazioni e shopping compulsivo

 Sonno: insonnia intermedia

 Presenza di acinesia al risveglio e notturna

 Comorbidità: deficit ipofisario (apoplessia ipofisaria)

f 0,1 Hz

f 0,8 Hz

OFF

ON

Caso clinico: caratteristiche generali del paziente



Caso Clinico: implementazione della terapia

 Modalità di implementazione: ambulatorio

 Durata dell'implementazione: 1h (due visite di 30 min separate da 3 h)

 LEDD pre impianto 825 mg 

 Terapia infusionale sottocutanea con FOSCARBIDOPA/FOSLEVODOPA 

120/2400 mg:

 Dose base 0,25 ml/h

 Dose alta 0,27 ml/h

 Dose notturna 0,22 ml/h

 Dose Extra 0,20 ml

 Dose di carico 0,6 ml

 Ago 9 mm

 Terapie associate: Safinamide 100 mg

 Formazione al paziente/caregiver: in sede ed a casa

 Efficacia clinica: buona

 Off: 1 ora (trattato con dose extra), regressione delle cadute, Discinesie: 

lievi; risoluzione di acinesia notturna e al risveglio

 Soddisfazione del paziente e del caregiver: ottima

Descrizione dell'implementazione f 1 Hz

f 0,85 Hz

vel 1,5 px/s

ON

ON

ON

ON

OFF
= x 2

ON

OFF
= x 8,5

ON

OFF
= x 2,3



Parkinson’s disease telemanagement

vel 0,64 px/s

OFF

vel 1,5 px/s

ON

vel 1,5 px/s

ON

SC FosLDopa

Dose base 0,25 ml/h 16h/die

Dose notturna 0,22 ml/h 8h/die

Dose alta 0,27 ml/h

Dose Extra 0,20 ml

SC FosLDopa

Dose alta 0,27 ml/h 16h/die

Dose notturna 0,22 ml/h 8h/die

Dose base 0,25 ml/h

Dose Extra 0,20 ml

vel 1,7 px/s

ON

SC FosLDopa

Dose alta 0,30 ml/h 16h/die

Dose notturna 0,25 ml/h 8h/die

Dose base 0,28 ml/h

Dose Extra 0,3 ml

Ldopa Orale

825 mg (6 dosi ogni 3 h)



ORAL THERAPY

NEW THERAPY SCHEME

DEEP BRAIN STIMULATION

CURRENT THERAPY  SCHEME

TELEVISIT

INFUSION THERAPY

(Intestinal)

INFUSION THERAPY

(subcutaneous)



VIDEO Magnification



Video magnification

Lauridsen H, eta l. Extracting physiological information in experimental biology via Eulerian

video magnification. BMC Biol. 2019 Dec 12;17(1):103. doi: 10.1186/s12915-019-0716-7. PMID: 

31831016; PMCID: PMC6907275.



Video magnification

Williams S, et al. Seeing the unseen: Could Eulerian video magnification aid clinician

detection of subclinical Parkinson's tremor? J Clin Neurosci. 2020 Nov;81:101-104. 

doi: 10.1016/j.jocn.2020.09.046. Epub 2020 Oct 2. PMID: 33222895.

Parkinson’s disease Healthy subject



Rigidity



Rigidity

Slow motion 0.5x



DYSKINESIAS

OFF

ON

Motor Fluctuations
Costant fluctuation around ideal motor status
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Therapy management

DYSKINESIAS

OFF

ON

p p p p p p p p p p p p p p p p
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ON OFF

DYS
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p

p
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BIOCHEMICAL 

MONITORING
MOVEMENT  MONITORING

BRAIN ACTIVITY

MONITORING



ADAPTIVE CLOSED-LOOP 

motor function stabilization algorithm

BIOCHEMICAL

MONITORING

KINEMATIC 

MONITORING

ORAL THERAPY

INFUSION THERAPY

(Intestinal)

NEW THERAPY SCHEME

INFUSION THERAPY

(subcutaneous)

DEEP BRAIN STIMULATION

LFP

MONITORING

CURRENT THERAPY  SCHEME SENSING SYSTEM
di Biase, Lazzaro. (2021). Adaptive closed-loop 
therapy system for Parkinson's disease. 
https://doi.org/10.5281/zenodo.4767082



Therapy management solutions
BEFORE AFTER

BIOCHEMICAL 

MONITORING

MOVEMENT  MONITORING

BRAIN ACTIVITY

MONITORING

di Biase L, et al. Adaptive, personalized closed-loop therapy for Parkinson's disease: biochemical, neurophysiological, and wearable 

sensing systems. Expert Rev Neurother. 2021 Dec;21(12):1371-1388. doi: 10.1080/14737175.2021.2000392. Epub 2021 Nov 17. 
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Movement monitoring
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Pfister - High-Resolution Motor State

Detection in Parkinson’s Disease

Using Convolutional Neural

Networks



Pfister - High-Resolution Motor State

Detection in Parkinson’s Disease

Using Convolutional Neural

Networks



CE

DEVELOPMENT STAGE
INITIAL

R&D

CLINICAL  

TRIAL
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PRE 
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CERTIFICATIONS ISO 13485 FDA

THERAPY MANAGEMENTDIAGNOSIS SYMPTOMS MONITORING

Bradykinesia
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Gait

ON/OFFDyskinesias

Sleep

Motor diary
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Infusional

DBSDrug reminder

Drug diary
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FDA

Oral

Infusional

DBSDrug reminder
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Bradykinesia

Tremor

Gait

ON/OFFDyskinesias

Sleep

Motor diary



Bradykinesia score (BKS):

- Lower Mean Spectral Power (MSP) within 0.2 and 4 Hz, 

- Lower Peak acceleration 

- Longer Time whitout movement. 

Bradykinetic subjects move with lower accelerations, amplitude, energy, 

and with longer intervals between movements than normal subjects.

Griffiths RI, et al. J Parkinsons Dis. 2012;2(1):47-55. doi: 10.3233/JPD-2012-

11071. PMID: 23939408.

R = 0.80

error = 3.2 AIMS units

R = 0.64

error = 18 UPDRS III units

Dyskinesia score (DKS):

- Larger Mean Spectral Power (MSP)

- Greater Acceleration than the mean. 

- Shorter Time without movement.
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Griffiths RI, et al. J Parkinsons Dis. 2012;2(1):47-55. doi: 10.3233/JPD-2012-11071. PMID: 23939408.

BRADYKINESIA AND DYSKINESIA

CONTROL OFF DYSKINETIC
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BRADYKINESIA AND DYSKINESIA

Horne, M., et al. (2016). In CNS (Vol. 2, No. 1, pp. 15-22).

dose failure

dose failure
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Wearable diary

<4 Hzf

<4 Hzf
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Wearable diary

<4 Hzf >4 Hzf

<4 Hzf 4-6 Hzf
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Wearable diary

<4 Hzf

↑ <4HzPower

>4 Hzf

↓ ↓ <4HzPower

<4 Hzf

↑↑ <4HzPower

4-6 Hzf
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Wearable diary

<4 Hzf

↑ <4HzPower

>4 Hzf

↓ ↓ <4HzPower

<4 Hzf

↑↑ <4HzPower

4-6 Hzf

↑ >4HzPower
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Wearable diary

<4 Hzf

↑ <4HzPower

↑ <4HzAngular Velocity (RMS)

↑ <4HzAcceleration (RMS)

>4 Hzf

↓ ↓ <4HzPower

↓ ↓ <4HzAngular Velocity (RMS)

↓ ↓ <4HzAcceleration (RMS)

<4 Hzf

↑↑ <4HzPower

↑↑ <4HzAngular Velocity (RMS)

↑↑ <4HzAcceleration (RMS)

4-6 Hzf

↑ >4HzPower

↑ >4HzAngular Velocity (RMS)

↑ >4HzAcceleration (RMS)
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Wearable diary

<4 Hzf

↑ <4HzPower

↑ <4HzAngular Velocity (RMS)

↑ <4HzAcceleration (RMS)

↓Time whitout movement

>4 Hzf

↓ ↓ <4HzPower

↓ ↓ <4HzAngular Velocity (RMS)

↓ ↓ <4HzAcceleration (RMS)

↑Time whitout movement

<4 Hzf

↑↑ <4HzPower

↑↑ <4HzAngular Velocity (RMS)

↑↑ <4HzAcceleration (RMS)

↓↓↓Time whitout movement

4-6 Hzf

↑ >4HzPower

↑ >4HzAngular Velocity (RMS)

↑ >4HzAcceleration (RMS)

↓↓Time whitout movement
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a x a x

Bradykinesia Dyskinesia
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Apple Movement Disorder API

Powers R,et al. Smartwatch inertial sensors continuously monitor real-world motor

fluctuations in Parkinson's disease. Sci Transl Med. 2021. doi: 

10.1126/scitranslmed.abd7865. 

C
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Biochemical monitoring
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Biochemical monitoring



Sweat ISF Blood
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Pharmacokinetics and Pharmacodynamics

Contin M, et al. Ther Drug Monit. 2001 Dec;23(6):621-9. doi: 10.1097/00007691-200112000-00005. PMID: 

11802094.

OFF

OFF

OFF

DYS
DYS

DYS

ON

ON

ON
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Ursino M, Magosso E, Lopane G, Calandra-Buonaura G, Cortelli P, ContinM (2020) Mathematical modeling and parameter 

estimation of levodopa motor response in patients with parkinson disease. PLoS ONE 15(3): e0229729 

https://doi.org/10.1371/journal.pone.0229729

Lazzaro di Biase, MD, PhD 

l.dibiase@policlinicocampus.it

Neurology Unit, Campus Bio-Medico University Hospital

Brain Innovations Lab



Ursino M, Baston C. Aberrant learning in Parkinson’s disease: A neurocomputational study on 

bradykinesia. Eur J Neurosci. 2018;47:1563– 1582. https://doi.org/10.1111/ejn.13960

Baston, C., et al. (2016). Frontiers in human neuroscience, 10, 280.
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Ursino M, Baston C. Aberrant learning in Parkinson’s disease: A neurocomputational study on 

bradykinesia. Eur J Neurosci. 2018;47:1563– 1582. https://doi.org/10.1111/ejn.13960

Baston, C., et al. (2016). Frontiers in human neuroscience, 10, 280.
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Ursino M, Baston C. Aberrant learning in Parkinson’s disease: A neurocomputational study on 

bradykinesia. Eur J Neurosci. 2018;47:1563– 1582. https://doi.org/10.1111/ejn.13960

Baston, C., et al. (2016). Frontiers in human neuroscience, 10, 280.
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Ursino M, et al. PloS one, 15(3), e0229729 (2020).

di Biase L., et al. (2021). Expert Review of Neurotherapeutics, DOI: 10.1080/14737175.2021.2000392 
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L-DOPA: 0,6,10,20 µM

Prediction Model  6.93 µM
DOPAC: 0,5,10,20,35,50 µM

Prediction Model  1.93 µM

3-MethoxyTyramine (3MT): 0,5,10,20,35,50 µM

Prediction Model  2.84 µM
3-O-Methyldopa (3-OMD): 0,5,10,20,35,50 µM

Prediction Model  5.37 µM



No. LVs: 2 

RMSEC: 0.85103 

RMSECV: 9.27786 

Scaling: auto scaling 

Cross-validation: leave one out 

L-DOPA: 0,6,10,20 µM 

with the presence of interferents :

• Lactic acid (20 mM)
• Ascorbic acid (50 µM) 
• Urea (10 mM).  

Prediction Model  9.27 µM
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An, S., Li, Y., & Ogras, U. (2022). mri: Multi-modal 3d human pose estimation dataset using

mmwave, rgb-d, and inertial sensors. Advances in neural information processing systems, 35, 

27414-27426.
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Zhang, G., et al., Contactless In-Home 

Monitoring of the Long-Term Respiratory and 

Behavioral Phenotypes in Older Adults With 

COVID-19: A Case Series. Front Psychiatry, 
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SLEEP MONITORING



Non-Contact Sleep Analysis





Yang, Y., et al (2022). Artificial intelligence-enabled detection and assessment of Parkinson’s disease using

nocturnal breathing signals. Nature Medicine, 28(10), 2207–2215. https://doi.org/10.1038/s41591-022-01932-x
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Brain Computer Interfaces
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BCI MOTOR CORTEX - NEURALINK



BCI MOTOR CORTEX - NEURALINK



Capogrosso, M., et al. (2016). 

Nature, 539(7628), 284-288.



Capogrosso, M., et al. (2016). A brain–spine interface alleviating gait deficits

after spinal cord injury in primates. Nature, 539(7628), 284-288.

BRAIN-SPINE INTERFACE: INTACT MONKEY



BRAIN-SPINE INTERFACE: POST SPINAL CORD LESION

Capogrosso, M., et al. (2016). A brain–spine interface alleviating gait deficits

after spinal cord injury in primates. Nature, 539(7628), 284-288.
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