ﬁNeuroSentineI G|

Every Bleed, Seen.
Every Minute, Counted.

Al-Assisted Hemorrhage Detection &
Governance Platform for Singapore
Public Health Clusters.

Location: Left Temporal
Volume: 35mil

Severity: High

- '.'-.'.' = .\1.\.
b
Alert: Critical N
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The Clinical Covenant

|

772
Y

100% Recall
(Zero Misses)

Zero false negatives.
Protected in active
production—not just at
validation.
Inherently safe for
frontline triage.

o =

<60s
Time-to-Verdict

Escaping the
non-contrast head CT
(NCCT) queue. Median
response maintained at

45-47 seconds.

Immutable
Governance

Cryptographic, hash-
chained audit trails.
Fully benchmarked to
EU Al Act High-Risk,
NIST Al RMF, and
HSA standards.
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Solving the Hemorrhage Timeline

Across the Hospital

e

ER Nurse
(3 AM Triage)

Pain: Small bleeds
unseen in queues.

Solution:
Verdict < 60s +
T+10 min escalation
paging for
unacknowledged
criticals.

e

Radiologist
(Second Read)

Pain: Wolf-crying Al
and untrustworthy
black boxes.

Solution:
Slice-by-slice
mask viewer with
Cavalieri
volume curves and
saliency toggles.

Neurosurgeon
(ICU)

Pain: Subjective
volume without
error bars.

Solution: Exact
Volume + Confidence
Interval (Cl) and
SHAP-explained
predictive
outcome sliders.

Quality & Al

Governance Lead

Pain: Silent model drift

and scattered

post-market evidence.

Solution: Active
Population
Stability Index (PSI)
drift monitors
and 1-click HSA
compliance exports.




Platform Architecture: Machine to Insight

Step 1:
Ingestion Gate
Raw DICOM entry,

de-identification, and
edge quality check.

Step 2:
Detection Engine

nnU-Net 3D segmentation
processing.

Cavalieri method volume
calculation (3 slice area x
thickness).

Step 3:
The 9-Tab Dashboard
The clinical interface layer

(Triage, Review,
Governance).

&
| Triage I“| Review — Governancea ®

Step 4:
Immutable State Store

PostgreSQL / SHA-256
append-only database.

Every visualization, chart,
and export renders from this
single source of truth.
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Real-Time Triage Command Center

Live Feed <«

Instant verdicts.
Red (POSITIVE), Amber
(Indeterminate),
Grey (Negative).

Volume & C| <«

Estimated bleed
volume presented
immediately with exact
statistical

» Time-to-Verdict

Live tracking against the
strict < 60s median target.

» The Safety Net

Unacknowledged critical
positive alerts trigger automated
T+10 minute escalation paging.
A false positive costs minutes;

Confidence Intervals. an ignored positive costs a life.
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Explainable Segmentation: Al That Shows Its Math

Navigation

Slice thumbnail
strip.
Lesion-bearing
slices highlighted
with red intensity
heatmaps
proportional to
drea.

Human-in-the-Loop

Artifact

W

The Evidence

5 Why this
: voxel

“Why this voxel" saliency toggle and live

NCCT slice viewer.

Hounsfield hover readouts.

The Math
150 X
Midline Shift: 3.2 mm o
125
—~ 100
E!
g2 75
=
g
50
25 Midline Shift: 3.2 mm
- Midline Shift: 3.2 mm
Q —

Slices

Cumulative volume-by-slice curve proving
the exact piling method calculation.

Includes midline shift metrics (mm).

Chronic vs Acute Other ad

All

- o) (D

Mandatory reason-coded override bar (e.g., Artifact, Chronic vs Acute). All overrides feed active learning.
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Predictive Risk & What-If Scenarios

A
100% -

Core Principle: /"’”"# B
Always probabilistic, " — -
never prescriptive.

75%

Glasgow Coma Scala

o B -
Midiine Shift
25%, Risk at +0 3.8% 1 | -0.07 !

Probablilty Rlsk (%)
30-day mortallty / Surglcal hrlervemiion

Infratenterial Location

"~ Risk at 0.5% Explainability: SHAP-
003 style bars precisely

ICH Score Calculator:

0%
- - quantify the weighted
Auto-populated based on Al > “[ i p = : impact of age, volume,
: olume {m : and Glasgow Coma Scale
SEQmEHtEtIUl’I output. | = — @ : ﬁ; on the predicted
e + % Age + @ Voluma - 0 mi 150 m outcome.

w e - A

The What-If Slider: Clinicians can adjust
volume models to view real-time shifts
in the 30-day mortality/surgical
intervention risk curve.
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The Interaction Standard:
Unbroken Traceability

|

Value: 145.2 miL

! Timestamp: 1003215 AM
»  Sample Size (n): 350
Confidence Interval; 85% (140-150 mL)

Level 1: The Hover

Every chart data point globally displays
exact value, timestamp, sample size
(n), and Confidence Interval.

Level 2: Aggregate Analytics

Multi-year performance charts and
department throughput funnels.

Level 3: Case Profile

Drill down from any chart directly into an
individual de-identified case record.

Level 4: Voxel Level

End at the specific slice viewer. Every
tab reads from the exact same versioned
state store. Zero data divergence.
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Safe Generative Al in the Clinical Perimeter

Standard LLMs

Unverified data

T N R

Unvenfied data Hallucination =

. L. "
potential
- Open-ended output
General knowledge
Open-ended output retrieval
L] . i . ¢
- —_—— Data-inevocation
No clear grounding —— potential

General knowledge retrieval e inowisags

=

NeuroSentinel RAG Assistant

. Provide 24-hour intracranial hemorrhage volume trend for
Patient 8392,

: 24h ICH Volume Trend: +2.1 ml (Total: 159.29 ml) as of

10:32 AM. [Citation 1]
A Treatment directives BLOCKED.

Strict Grounding: Retrieval-Augmented Generation (RAG) limited
exclusively to live metrics, audit logs, and versioned case records.

Mandatory Citations: Every single numeric output generates a
citation chip linking directly to the source tab or record.

The Refusal Battery: Fixed refusal templates automatically block
treatment directives, Pll requests, or out-of-network CT opinion requests.

Access: Strict Role-Based Access Control (RBAC) enforced
intrinsically at the data layer.
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Multi-Agent Architecture

' RAG Chatbot Agent Ingestion Agent
@] — @ EE —— v 1L
= 8 il || —
Recommendation Agent ' Gt . Detection Agent
@ | | Orchestrator | K A
:__ T '- Manages the event bus _n,lﬂ,,. : NN
and delegates tasks.
7 - ==y
Predictive Agent Drift & Safety Agent
2 (=]~ B |[=—| e
J " * : - 1’-.$ | O
| J Insight Agent \ — =

Q@ = &
— —— Status: Every agent features
- \H— Wil immutable UUIDs and active
compliance badging.
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The 3-Gate Governance Layer
Intelligence requires constraint. How the system regulates autonomous agents:

Multi-Agent |
Intelligence

Automated policy
engine validates

all content,
phrasing, and
ensures Confidence
Intervals are
attached to
predictions.

Gate 2

(Action)

and escalations
require explicit
human
confirmation or
pre-approved
standing policies.

—

o |
// B
Model swaps . Z Retraining

o

pipelines and
threshold
adjustments
demand strict dual
sign-off from

both the Clinical

. Lead and Al Lead.

cates T T
(Learning)

| =

)
Y. v ¥
et Mg
|
Dashp,
"boarg
S|
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Immutable Audit & Active Control

The Forensic Evidence The Cryptographic Guarantee
/  Forensic Log | - Absolute Accountability:

Every inference, configuration

| B  Timestamp Patient Payload User p change, system prompt edit,
20231027 14:30:15UTC  2023-10-2714:30:15UTC  (action: 'inference’, model: ‘MedAI_va', 2023.10.9, b R
e 1430 append-only, SHA-256 hash-
The Configure Modal: Changes to | | User:Dr-J- Doe (MD.ID_567) chained event.
guardrails or security require Lm0 L
multi-sig approval. Execution is patientID: '12345',
disabled until fully approved. }mnfiﬂmer 0.98 @
s =
& » . f i : i |I
Active Learning Loop: et ol e i S :
Reason-coded human overrides confidence: 0.98}
(e.g., chronic vs acute) are actively User: Dr. J. Doe (MD_ID_567)
queue'd to Improve future model {action: 'inference', model: 'MedAl v4',
versions. patientID: °12345'}
{am_:inn: ‘inference’, model: 'MedAl_wvd', _
Export: Raw JSONL export ready patientlD: *12345'}

~—— for standard SIEM integration.
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Adversarial Defense & Drift Surveillance

Proactive Testing (Test Popup) Continuous Surveillance (Tab 3)
: : Fiit]
| Population Stability Index (PSI)
| 0‘3 Z | —— e i e
B ) | e TS B et -+ 0.25
IEL Reveal system prompt ] 0.2 = -
/"\_-—/ - LE} protocol mix
© BLOCKED at 340ms 01 +—{ & agemix |——
| | JI° slice thickness
h = _ TS | ; -
ﬂn | S——— i e ——
Oct 1 Oct 8 Oct 15 Oct 22 Oct 29
Staff can run PII, bias, and prompt injection Automated Action: Drift breaches (e.g., PSI
simulations with zero impact on live clinical crossing the 0.25 alert line) automatically open
data. Saved as CI/CD regressions. governance tickets for review.
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Empirical Proof: One Year of Zero Misses

: |
100% Live Recall The Performance (@) |

perfectly 1,169 True Positives.
maintained ACross | Precision stabilized at

~/5.6% (intentional sensitivity

The Environment ‘

Sept 2025 — Sept 2026

16,736 total scans
~ analyzed.

1 3 mOnthS. to catch edge cases).
Environment Performance Result
_—f\/—. /\_,.. —t
Oct Jan Apr Jul Sept Oct Jan Apr Jul Sept Oct Jan Apr Jul Sept

(
The Result: Median Time-To-Verdict held at 45-47 seconds O Zero missed patients. Zero false negatives.

source=synthetic_v
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Regulatory Readiness & Ecosystem Deployment

Top Tier: Ecosystem & Trust

s X
L WA

Core Capabilities

NUHS

X\ (MOH HP RG)

Submission-Ready =

One-click generation of 90-day drift reports,
 adverse event logs, and validation summaries.

uuuuuuuu
"""""""
-

EU
EU Al Act |
 High-Risk

HSA

|
Global Standards

~ Architected to comply with Singapore HSA

(MOH HP RG), PDPA data minimization, EU Al
Act High-Risk tier, and NIST Al RMF.

Deploy the Glass Box.
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