The Clinical Control Tower

Engineering a unified nervous system for medical consumables across Singapore public hospital clusters.
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Managing $50M in medical consumables on reactive, disconnected systems.

Singapore hospitals manage massive inventory volumes, yet operational visibility is hindered by fragmented tools, manual spreadsheets, and data silos.
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. $50M+ Annual Spend

Managed across 12,000+ SKUs using
outdated procurement spreadsheets.
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$2M+ Annual Waste

Driven by expiration, over-preparation,
and inaccurate surgeon preference cards.
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Critical Stockouts |
Disrupting procedures because inventory = x‘“

counts fail during emergency OR codes.
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Regulatory Risk

Fragmented implant traceability

b

i

WASTE FLOW
OVER-PREPARATION

spanning three different systems,
delaying HSA recall compliance.
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An intelligent, centralized platform
driving predictive hospital operations

Integrating real-time sensor data, AI demand forecasting, and
blockchain traceability into a single decision-support interface.
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RFID/RTLS Tracking \
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AI Forecasting o

Implant Blockchain

GenAI Insights o

Intelligent
Management
Dashboard

12-Month Outcomes

= 40% reduction in critical
stockout events.

= 25% reduction 1n consumable
waste (via FIFO and card
optimization).

= 99,9% complete implant
traceability chains.

= 87% auto-replenishment rate
with human oversight.

= $500K+ annual savings via
vendor standardization and
PAR optimization.
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Resolving competing priorities across the

clinical and operational ecosystem

|

System Resolution

Key Metric Improved

Empowered Action

Materials Manager

‘ Primary Friction

Vendor lead times change;
safety stock 1s wrong

Stochastic safety
stock optimizer

Stockout rate

Predictive procurement ﬁ
queue

OR Nurse

Emexgency cases destroy
manual inventory counts

Real-time RFID/RTLS
tracking

Case cart accuracy

Voice-activated
emergency documentation

Surgeon / Dept
Head

Told I use “too many”
sutures, no data

Anonymized peer
comparison

Complexity-adjusted
variance

Self-service variance
analysis

Waste decomposition

Vendor price variance |

CFO Waste is a black hole & price tracking Cost per case tracking
/| Procurement Guessing safety stock based | LSTM demand Auto-replenishment :
< | Officer on outdated lead times forecasting rate Automated PO draiting

Quality / Risk
Officer

Traceability data in three
systems during recalls

Blockchain-verified
chain of custody

HSA response time

One-click patient
identification
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L e
The Data Refinery translating raw hospital activity into operational insight

—F—————|  PDPA-compliant RBAC Security I|1~M

React/D3.js Frontend

Real-time Dashboards - Interactive Reports - Predictive Alerts

e e R

Node.js/GraphQL

LSTM Stochastic Isolation

Neural Network Optimizer Forest

(Sryr forecast) (Satety stock) il’:?e“n'{:gi‘"i

Azure Data Lake Gen2 -
(Singapore) i Reconciliation
Sl Engine

RFID/RTLS
\ SENsors

SAP ERP Epic EMR

ViV APIs

!
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A foundational data model mapping 12,847 SKUs
across every clinical event

Ill:mﬂﬂﬂlllw  Dimension |
%iégztzlgzg;s = M e o e ! Seqs?r Reall§m & Synthetic
3 l . ~ Training Environment

Core Fact Core Fact

Historical Data: 2023-2025
(includes supply chain shocks)

Inventory

Tl | T
Snapshot Consumption

'5 Sensor Realism Metrics:

Core Fact

&—1 Procurement

Traceability —< | RFID 92% normal operation

T | A0% emergency read rate

85% OR turnover rate

e

400+ MOH-coded
Procedures

8 Departments /
5 Hospitals
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Tab 1: Real-time inventory overview and critical stockout triage

KPI Strip

i

Inventory Overview

= [ ﬂl."r
Active SKUs:

12,847

- L} Qo

Critical Stockouts:

3

Inventory Health Score:

84/100

a0

Inventory Health by Department
B Normal [ Low [ Critical

Expiration Timelines

ALT-801 | Morphine Sulfate / SKU-1234
ALT-082 Propofol / SKU-5678
ALT-883 Fentanyl / SKU-9812

Critical Low
Expiring < 368d

Overstock Reallocate

'Stnckuut Imminent

Review Required

91-188d <38d
OR-A
ICU
ER Expiration
Timelines
Ned-Surg
Cardiology }
é Eﬁi 4&% ﬁﬁi H&% 1&0% 31-9ad
Perent (Counts)
Critical Alerts Table
Alert ID | Item Name /SKU Department Condition l Status Action |

Inline actions allow
users to trigger
Urgent POs or identify
Substitutes directly
from the alert row.

[Trigger Urgent PO] [Substitute] &
[Identify Substitute] [Hold] |
[Transfer Stock] [Adjust Par] !
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Tab 2: Predicting procedure demand and mapping clinical variance

Usage Prediction

rActual vs. Forecast by month

Procedure Volume / Usage

JAN FEB MAR APR MAY JUN

95% LSTM confidence band \ﬂ

JUL  AUG SEP OCT NOV

188

DEC

Surgeon Consumption & Variance
Preference Card Standard
v
SURG-001 @
SURG-002 €
SURG-003 &
SURG-004 i
SURG-005 &
SURG-006 @
SURG-007 &c
10k 15k 20k 25k 30k
Consumption Amount / Cost per Procedure

| e T r T T ry r T T '} T
IIIIII

Complexity-adjusted
benchmark dots

allow surgeons to
compare their usage

to anonymized peer
data, driving self-directe
standardization

without top-down
mandates.
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Tab 3: Isolating patient risk with unbroken implant traceability
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Implant Tracking

-,

Chain of Custody

@ Manufacture
Lot #4567-A

Timestamp: 18:38 AM

Logistics
Lot #4567-A
Timestamp: 18:38 AM

=5

Hospital Receiving
Lot #4567-A
Timestamp: 16:38 AM

OR Case Cart OR Case Cart
Lot #4567-A
Timestamp: 18:38 AM ;EE
Patient EMR

Lot #4567-A
Timestamp: 18:38 AM

HSA Response Timer:

00:14:22 remaining

L Initiate Recall Mitigation = €——

% Complete Traceability Chains

99..9%

Target: 180%

One-click recall mitigation: I
When a lot is recalled, the
system identifies affected
patients instantly and uses
an LLM to auto-draft HSA-
compliant notification letters. ]
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Tab 4: Decomposing waste and standardizing high-variance clinical spend

Cost Analytics

Cost Breakdown by Category

Implants Consumables Instruments Equipment I 8E5
426 Spend | #12.5% Var 28% Spend | +21.3% Var 16% Spend | +3.1% Var (300N #% Spend |
+1.2% Var +18.7% Var

_ Services
: Services 4% Spend | +2.2% Var
{ _ 18% Spend | +3.2% Var

Line chart overlay visualizes
the exact correlation between

| Maintenance ‘Training \W‘r cost per procedure and the
| . j documented waste rate,
Surgeon & Procedure Cost Variance i eliminating the "black .hUIE
PROC-A PROC-B PROC-C PROC-D PROC-E PROC-F of consumable spending.
SURG-001 k. /
_ SURG-062
S SURG-003
al
g SURG-004 i <
SURG-085 -$0.2k
SURG-086 | . BEEr
PROC-A PROC-B PROC-C PROC-D PROC-E PROC-F
Procedures
. B
Low Variance High Variance
\ &

A
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Tab 5: Automating replenishment while preserving human procurement oversight

— e e e

Automated Replenishment &5 |
SKU #12345-A | Heart Valve (Bioprosthetic) | Mfr: LifeCore
Al ATl Recommendation |
‘ (Order 48 Units) k |
Current Stock (24 Units) [ | |
k S e J Procurement Queue: Staff view
evels e ;
‘ (Hin: 15, Hax: 30) prioritized recommendations

Lead Time: 3 Days Avg. Daily Usage: 2.5 AI Confidence Score: 92%
Stockout Events vs. Auto-Replenishment Rate
0

- 3 — 100%
g 9% gy
L 2 B
s 60%
g
g 1t e
3 120%
o 0%

Jan Feb Mar Apr May Jun

Past 6 Months
I Stockout Events (Terracotta) [ Auto-Replenishment Rate (Sage Green)

Aute-Replenisheent Rate (%)

| with Al confidence scores. A
simulator slider allows users to

preview carrying cost impacts

before adjusting PAR levels.

F

PAR Level Adjustment Simulator
+5%
c m—) <
Projected Carrying Cost Impact:
+$1.2k / Month
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Tab 6: Contextual operational insights powered by
nhatural language GenAl

Al Insights Hub

a

CRITICAL

LY

VENDOR CONTRACT ANOMALY DETECTED Why?

ANALYSIS: Recent procurement data indicates a 15% price increase for 'Ortho-Pro 3D Implants'
by vendor 'Apex Medical Solutions', exceeding the annual contract adjustment cap of 5%. This
deviation deviates from the signed contract clause 4.2b and hospital procurement policy HP-
2024-001.

SUGGESTED ACTION: Review contract terms and initiate vendor communication to rectify the
pricing error or initiate a temporary hold on future orders for this SKU.

l Dismiss ][- Defer ] I.' -I

The "Why?' button

unpacks the LLM's

reasoning, citing s

hospital policies, HSA

regulations, or
vendor contract cl

pecific

auses.
J

Supply Chain Risk - Potential stockout of critical IV tubing due to supplier delay. Action required.

eV ER LTSS Procedure Volume Trend - 10% increase in outpatient procedures observed. Resource all...

=l NS TSN Procedure Volume Trend - 10% increase in outpatient procedures observed. Resource

allocation review suggested.

Glels B Equipment Maintenance Due - 3 MRI scanners approaching maintenance cycle. Schedule service.

i~ b a i | 5 PP P = o T P i i B P e A 1]
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The Unified Reality: One physical action, four simultaneous system updates

The true power of the platform lies in eliminating redundant documentation. A single physical event
instantly updates the entire operational ecosystem.

Inventory (Tab 1) Traceability (Tab 3)
J-—}
| m i \'/\,\I ¢ | @ ¢ { g & ¢
|.. ) Patient ID O Blockchain
Health score dynamically drops, — Patient EMR linkage completes the
trigge”ng 3 low-stock alert. -~ blockchain Ehalr:: of EUEtﬂ'd}f for HSA.
- : = CHAIN_ID: @ex9cir...
STOCK_STATUS: LOW (12/30 units) O @ =TT T &
N
SCAN:
IMPLANT_214A
Cost Analytics (Tab 4) Replenishment (Tab 5)
OR nurse

-

| * |Implant cost

l\./ metric m @ 1 PO
: PAR O—
/D\'J/ ‘ , Surgeon's name, ? | PARlevel %

procedure ID

If PAR threshold is crossed, an automated

Sy VA tacatotie o it rokitine i el g
g P P ' PAR_STATUS: CROSSED (18/15)

SURGEON_VARTANCE: +$2,500 (PROCEDURE_ID: 778) PO DRAFT: #P0-445201
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Evolving from reactive spreadsheets to an intelligent
operational nervous system

\\ {J } f
= 0 O O
|
THE SPREADSHEET ERA | THE INTELLIGENT DASHBOARD ERA
e — - o - — — ' |_ [} I ’ _._]
G g e (2
= ‘ T
S — A = iy = o
Data Action | Data Action
Siloed ERP, MMIS, and Manual daily counts, Integrated data lake with Automated alerts with
EMR data. paralyzed by emergency codes. real-time sensor reconciliation. emergency code tolerance built-in, |
DATA_STATUS: DISCONNECTED |' TASK_TYPE: MANUAL | | . um,_smms: INTEGRATED |_ TASK_TYPE: AUTONATED | '
1. REFRESH_RATE: WEEKLY/DAILY EMERGENCY_CODES: BLOCKING_ACTION | 4 4 REFRESH_RATE: REAL-TIME (MILLISECONDS) EMERGENCY _CODES: BUILT-IN_TOLERANCE 4|0

o O
Procurement Risk al - Procurement Risk
Guesswork safety stock based Recall tracing takes hours |1 Al-driven stochastic PAR Blockchain-verified recall
on outdated lead times. across multiple systems. optimization and automated POs.  mitigation executed in minutes.
NETHOD: ESTINATE | LEAD_TIMES: NITIGATIOK_TIME: >4 HOURS | | METHOD: AI-STOCHASTIC | PAR_OPTINIZATION: NITIGATIEN_TIRE: <10 RINUTES |
OUTDATED {6+ MONTHS) VISIBILITY: LOW DYHAMIC | PO_AUTOD: TRUE VISIBILITY: BLOCKCHAIN_VERIFIED

0 al | |H | 1. - 'm)

[ — —— 4|_.'
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A structured five-phase rollout to cluster-wide operational intelligence

| TOTAL >
WEEK 0 4 8 12 16 20 24 28 32+

| l | 1 | ] l | ] | l l l 1 ] l | l l l | 1 ] l ] | 1 | l l | 1 ] | |

>

DURATION: 8 WEE

Phase 1: Foundation (8 weeks)

Data lake setup, ERP/MMIS/RFID
integration, and 3-year historical backfill.

Phase 2: Core Dashboard (6 weeks) l b
Deployment of Tabs 1-5, real-time ? thi} —3 :E;ED T
inventory, expiration tracking. b

Phase 3: Al Models (8 weeks)

LSTM forecasting, safety stock optimizer, ¢
anomaly detection activation.

Phase 4: GenAl Layer (4 weeks)

RAG policy integration, LLM chatbot, 0
auto-letter generation.

Phase 5: Cluster Rollout (6 weeks)

NUHS pilot completion, expanding to
SingHealth, NHG, and community hospitals.

Tt
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