Intelligent Patient
Medication Guidance

Bridging the gap between prescription
and proper use across Singapore
Public Hospitals (Use Case 18)

A S$4.2M investment to deploy a
predictive, Al-powered platform across
8 hospitals, targeting a reduction of
S$180-240M in preventable
medication-related hospitalizations.

Adherence Focus

PDC Growth: 74%
Baseline > 85% Target

Operational Efficiency

Adverse Event Triage:
48 hours - <4 hours

Enterprise Scale

500,000 Enrolled Patients
Across SingHealth, NUHS, and NHG



A Broken Feedback Loop Drives S$180-240M in Preventable Admissions

Prescribe
(Clinician)

Dispense
(Pharmacist)

Language Barriers:

55% of elderly patients prefer
Mandarin, Malay, or Tamil;
leaflets are English-only.

Readmission
(30-50% Non-
Adherence)

Information Overload:
Standard leaflets require

university-level reading
(Flesch-Kincaid Grade 16+).

Home
(Patient)

Zero Visibility:

Clinicians and pharmacists only
discover non-adherence when a
patient presents at the A&E.
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The Adherence Blindspot Impacts the

Entire Care Ecosystem

The Patient: Mdm. Tan, 74

Context: 12 chronic meds, low health literacy.
Pain: Generic, English-only |leaflets cause confusion.

Consequence: Skips doses due to dizziness; fears
taking the wrong pill.

The Pharmacist: Sarah Lim, 34

Context: 200+ scripts/day, SGH Cardiology. c e B

Pain: Zero time for counseling; no way to identify
high-risk patients.

Consequence: Blind to which 30% of patients will

_be readmitted.

The Administrator: Dr. Kumar, 48

DATA_LAG:3MONTHS

Context: Director of Pharmacy, NUHS.
Pain: 3-month lag on PDC claims data.

'Consequence: Cannot measure intervention RO
_or comply with real-time MOH reporting.

The Caregiver: Jason Tan, 42
Context: Proxy user for elderly parent. REFILL_SCHEDULES:S

Pain: Zero visibility into parent’s 5 different refill
schedules.

Consequence: Missed doses, panic calls,

emergency room Visits.



Four Interlocking Pillars Form a Proactive
Clinical Nervous System

Target Clinical Outcomes

SingHealth Blue
Unified Data
Layer

Aggregating NEHR,
EPIC FHIR, and loT
smart dispenser
data into a single
timeline.

" —>

SingHealth Blue
Predictive
Intelligence

An XGBoost/LSTM

singHealth Blue
Personalized
Engagement

MedGuide-SG

*—>

ensemble model ®—%  GenAl delivering
predicting non- literacy-adapted,
adherence 7-30 multilingual
days before a content.
missed dose.
! 1 [l ?

SingHealth Blue
Closed-Loop
Intervention

Automated
workflow engine
escalating risks to
pharmacist calls
and smart alerts.

Data without engagement is useless; engagement without prediction is reactive.

Together, these pillars shift care from retroactive treatment to proactive prevention.
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MedGuide-SG Adapts Complex Instructions into
Actionable Guidance

Current State The Al Engine Future State Mockup

HealthBuddy Chat

’ . Language Detection

<

we HealthBuddy

Mdm. Tan's Diabetes

! WL Medication
FIESCh-KIncaId MedGuide-SG Literacy 2L 800
Grade 16+ LLM (RAG) Adaptation (Morning 8:00)
= SR it o
(After Dinner)

S Sk "
EIT i+ Play Audio

Medical Anchoring

Adapted for: Low Literacy | Language:

Mandarin |
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The 7-Day Risk Engine Foresees
Non-Adherence Before It Happens

Risk Score: >= 80

Action: Immediate pharmacist callback
queued in dashboard.

Volume: Smallest segment, highest ROI
on human intervention.

ML Model Output

(AUC-ROC >= 0.85) / \ Risk Score: 60-79
85,

Action: Automated SMS triggers +
Smart dispenser synchronization.

Risk Score: < 60

Low-Moderate Risk a Action: Standard Al education +
automated refill reminders.

Features driving the prediction (refill
patterns, polypharmacy load,
demographic risks) are updated daily
via Snowflake.
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Automated Side-Effect Triage Closes
the Loop in Real Time

Patient E] “| have a rash after taking my new medicine”
fane —J via HealthBuddy
L Outcome:
Allayer s Mooy ilis oo _y s Medsusolaies QLR
g symptom (rash) L% EPIC meds £52% ying g .
Lane ddb dib% 485" classifies severity as MILD. event
J response
N J time drops
System generates <= Queues priority
L :33-0 T e e —> % Logs to Kafka —> CAOE sl from 48
hours to
l <4 hours.
Clinician S Do o Dashboard alerts pharmacist.
Pharmacist calls patient with pre-
Lane loaded context.
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A Scalable, Event-Driven Stack
Powers Real-Time Interventions

_________________________________________________________________________________________________________________________

 Security Wrap () Zero-Trust: SingPass OAuth + Role-Based Access Control

Presentation Layer
Kong API Gateway feeding into React Dashboard, HealthBuddy WebView, and Smart Pill Dispensers.

Application Layer
FastAPI (ML serving), Node.js (Real-time chat), Temporal.io (Intervention Workflow).

Al/ML Layer
NLP Pipeline, Adherence Model (XGBoost/PyTorch), MedGuide LLM + RAG Pipeline.

Data Layer
Apache Kafka (Streaming) - Airflow/dbt (ETL) - Snowflake & Vector DB (Storage).




Hard-Coded Boundaries Guarantee

Al Safety and Clinical Oversight

.

A\

Inside the Shield
(Safe Zone [/ Permitted)

0 Health literacy adaptation.

€5 Refill and schedule reminders.

{2 Symptom triage classification
(Mild/Moderate/Severe).

Outside the Shield
(Blocked Zone [/ Immediate
Escalation)

€) Medical diagnosis.
€3 Prescription adjustments.

€3 Emergency care (Triggers
iImmediate 995 routing).

-

Data Provenance

RAG-only responses utilizing
MOH-approved leaflets.

Auditability

WORM storage of all interactions
with 7-year retention.

Human-in-the-Loop

100% clinical audit rate for
RED-level AI responses.
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The Dashboard Unifies Fragmented Health Data Streams

e

EPIC Willow via HL7 FHIR R4

(Medication orders, dispense records).

L v -
- W
=
i r ]
SingPass via OAuth 2.0 . b Dashboard - NEHR via REST APIs
2 o . F ® @ 3> 7 ' 5% o @ X (Cross-cluster medication
':PID“'PEA"tchtn‘-"EE‘“’:t‘;faln“aa;l;e”n;"_d " — Integr?tlon o o % history for patients visiting
: Ser\ﬂce . multiple networks).
- |
MAl®
Al e

I |

-~

Smart Dispensers via MQTT

(Real-time consumption telemetry
and battery alerts).

Bypasses data silos to create a single, continuous patient medication timeline.
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Executive Visibility Unites SingHealth, NUHS,
and NHG Metrics

Adherence Trend Chart:
Track 24-month PDC
performance against the
80% MOH target.

Executive Operational Dashboard

Date Range

Adherence Trend Chart (24-Month PDC)
POC Performance vs, Target

Cluster (SingHealth/NUHS/NHG) - Risk Stratum v | O

Global Filter Bar:
Instantly slice data across
clusters, dates, and risk
levels.

Hospital Comparison Benchmarking
Benchmarking success rates

100% . SGH BB.ZX
WS . S .,,,.ﬁ'-’f- NUH
= c6
BO% /‘H' H
/ ~. Hospital Benchmarking:
o _e— o Compare intervention
:
O s 20 b e success rates across all 8
y S 465%] hospitals.
fioB L L 0% 20% 40% 60% a0% 100%

Cross-Cluster Data Model: Unified schema
allows MOH-compliant quarterly reporting
with zero manual data entry.
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S$4.2M Investment Yields System-Wide

Clinical and Operational ROI

Clinical Outcomes

Overall PDC

o | oo

Target

24-Month
Target

Preventable Admissions

0
&
_i

-18%

Equates to S$32M+ in
early systemic savings.

T3

= s

Operational Efficiency

Pharmacist Time per Intervention

torget N '8 ™
Target 18 mins
Target 12 mins

MOH Reporting Automation

Baseline 8%

e | vor
o ———— U

) i
Patient Engagement

Chatbot Resolution Rate

12-Month

24-Month
Target

Patient Satisfaction

Baseline _3.81"5.5
12-Month

t2von | 4 7/5 &
24-Month

ze-vorn | ¢ /5 ¢
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An 18-Month Roadmap to

Enterprise-Wide Deployment

Key Milestones:

Azure GovCloud infrastructure, Kafka data
pipelines, EPIC FHIR (read-only)
integration.

Deliverable:
MVP Chatbot (English/Mandarin) and Dashboard
deployed at SGH and NUH pilot wards.

0

Month1 Month2 Month3 Month4d

[
Foundation (Months 1-9 | $$2.1M)

Month 1 Month 2 Month 3 Month 4 Month 5 Month & Month 7 Month 8 Month 9

Key Milestones:

Caregiver proxy mode, A/B testing
framework, automated MOH reporting,
HITRUST certification.

Deliverable:

Operational handover and realization of
8-18% PDC improvement.

\.

Monthé Month?7 Month8 Month9 Month10 Month 11 Month 12 Month 13 Month 14 Month 15 Mﬂﬂth‘lﬁw Month 17 Month 18

Intelligence (Months 10-15 | $$1.5M) Optimization (Months 16-18 | $$0.6M)

Key Milestones:

Predictive model deployment, rollout to
all 8 hospitals, Malay/Tamil AI support.

Deliverable:

10,800 enrolled patients; predictive
model achieving AUC >= 8.85.

Month 10 Month 11 Month 12 Month 13 Month 14  Month 1% Month 16  Month 17 Month 18
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