4

NabuPD - Al Augmented Treatment of Parkinson’s Disease Patients
L. TZAHAR'™ ", K. A. MEKONEN"*", D. EFE'.2, K. DAKA3, D. ARKADIR3, I. BAR-GAD!

'"The Gonda Multidisciplinary Brain Research Center, Bar-Ilan University, Ramat Gan, Israel; “Neurodata Erasmus Mundus Joint Master Program;

*Neurology Department, Hadassah Medical Center, Jerusalem, Israel; “Department of Computer Science, Bar-Ilan University, Ramat Gan, Israel

~ N )
Introduction ACtors
Parkinson’s disease (PD) 1s a progressive neurodegenerative disorder causing motor symptoms such as .
o1 : : : 14 : _ : : Patient Patient Physician
trem(.)r., rigidity, bradykinesia, and. postural nllstablhty, alongside non-motor symptoms including I (Messaging) (Video Chat) I (Web Portal)
cognitive, sleep, mood, and autonomic changes .
J
Current care relies on infrequent clinic visits and retrospective reporting, limiting timely responses to ( f
daily symptom fluctuations and treatment needs “IP!14, Edge and Channel Clinician Layer
To address these critical care gaps, we are developing NabuPD, an active clinical pilot with Hadassah Messaging Platform I Dashboard
Medical Center that utilizes a conversational interface and a multi-agent backend to actively monitor ,
. o . . . . o — Messaging Connector N
patients. The system analyzes symptoms and medication data via conversational interaction, bridging I 2 Paragraph Summary
the disconnect between daily symptom fluctuations and proactive clinical management to support Link and Media
patient Quality of Life (QoL). Notification Gatoway I Red Alerts View
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Goal Core Logic Layer
. Optimizing the patient’s QoL by bridging the gap between clinic visits for PwPD ) J Planner (Offline) Scheduler T Oemimion | Clinical Protocol
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. . Intent Classifier
Conversational Agent Interaction
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The example illustrates how NabuPD can turn routine patient messaging into longitudinal clinical Safety Agent Side Effects Agent Motor Symptom Agent i |
context, enabling earlier follow-up and more informed care between visits. | i
Non-Motor Symptom Agent Medication Agent Routine Agent E !
2 NabuPD o\ ¥
Guardrails | Response Merger i ]
Yesterday E i
Good morning! How are you feeling today? Any ] MPatleqt I i i
symptoms or concerns you'd like to share? (Messaging) E i
11:30 |
l Data Access Layer ¥
Not great. I'm shaking before my noon pill again and ; ; . i E
in my hand, different from the usual tremor : E I
11:33 v v l I Event Service I Patient Snapshot Service i E
J Vector Database Service | |
Sorry to hear that @ Intent ¥
Classification '
The shaking before your noon pill is wearing off. This E i
is the 3rd time this week. Your levodopa is running out Route to relevant ¥
Clinical Agents ! |
too early. l 4 L
Take it now, 20 minutes early is safe. The movements . 1 i i
are worth looking at too. That kind of irregular, ( 1 Raw Persistence Observablhty i E
different-feeling shake can appear when medication Side Effects Medication ) <___l,'
levels spike too high, not too low. Did it start around Agent Agent Patient DB Event Store (Hot) | Metrics and Tracing -’
30-60 minutes after your morning dose? —> Vector Ind I
136 L ) ector Index Knowledge DB System Logs
Audit Log S hot S
Yes, 40 minutes after. They are more random T napshot store ,
— Current Version
movements. Cold Storage
Response — Next Version
Merge
That fits, 40 minutes after a dose is right at peak, Recent Messages
which is when dyskinesia tends to appear. & - ~N
Extracted Signal : .
| xiractel S1enas Key Research Directions
| will check on you later. .
e Latent State Analysis
o1 (Offline) e Longitudinal Memory Analysis
Toda anncr 1mne . . .
X Disimsis mesdl o fllles o _ * Multimodal Interaction Data Integration y
How is your afternoon? Is the early dose helping with
the shakes? € . . )
o Multimodal Interaction
Scheduler il . . b1 d : . Wil . . 5
Yes, the shaking is better now. But I think I'm still Sets outreach timing o Acoustic Feature ﬂ}nalysm o FaC|a.l Feature Atlaly5|s o Patient Spegch Ttanscrlpt
. . . Symptom detection Lip / gaze tracking Semantic tagging
getting dyskinesia after 5660 e Sieiarioe
12:23 v v l = 1500 = F) - =~ Gaze Deviation - e s
. % 1000 i E\ having ... m mvOlee m
It is good to see some positive changes. However, Proactive .FOHOW up message s 2 g
. . ) to patient (messaging) @ 500 2|6 , | | | | . | |
because the dyskinesia continues to recur, | will = -- =1 2 0 = w0 AE. =gy 3= - 3% 28
update your clinical summary for review during your . Time (s)
next visit with your neurologist. \ paLY I y
12:28
~ B\ Obiective Digital Bi " )
o Multimodal Al Processing JeSuVE P (EahE IR TArKeTs
= ® signal analysis : i‘ motor severity speech change
,t_)o ® semantic tagging
\- J e temporal fusion @ facial expressivity @ q“asli‘;}r’]:;:‘“fe
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Design Principles
@ )
e Accessible interaction: Familiar messaging for longitudinal symptom reporting. Summary
e Privacy by design: Identity 1s anonymized before clinical processing. NabuPD 1s an Al augmented messaging-based system that enables proactive medication management:
e Specialist routing: Intent-based routing to dedicated clinical agents. dosage reminders, contextual suggestions within physician-defined ranges, and personalized lifestyle
e Protocol-constrained Al: LLM reasoning operates within clinician and literature defined rules. guidance, NabuPD bridges the gap between clinic visits and daily life, improving patient quality of life
e Clinician oversight: Concise summaries and Red Alerts support clinical review. and supporting clinical decision-making.
. : : : J
e Guardrails: Validate merged outputs before patient replies; escalate urgent cases.
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