Multimodal Al-Augmented Radiomics and Spectral Doppler Ultrasound for Early Prediction of Preeclampsia

“From prediction to prevention: home placental monitoring + edge-Al - timed prophylaxis.” [=] e [m]

Sunday Adetunji, MD, PhD (cand.) =]
Department of Epidemiology (Maternal & Reproductive Health), Oregon State University, USA —

: . o o PICO — Trial Framing Discrimination (AUC) Decision-style net benefit curve Closed-loop prevention simulation: eve
» a C kg ro u n d S Ig n Ifl Ca n Ce From prediction — prevention: home placental monitoring + edge-Al — timed prophylaxis 'El'f:jl';gv"levlvm e momoring (W1_416) — Threshold eossing — A tingiration - Outeomes Brier = 0.194 lllustrative shape; replace with real predictions when available Wilson 95% CI; annotation shows Absolute Risk Reducti
Problem: Preeclampsia (PE) is a leadi f
ropiem. rreeciampsia IS a 1eaddINg Cause O 03
° ° ° ° ° ° ° ° P — POpUIation I —_— Intervention Enroll s16w |» Home monitoring (W1-W6) Riskshreshold cr -Aspirin timing / titratior» Outcomes & analysis -
maternal—fetal morbidity; clinic screening is episodic and Pregnant individuals At-home placental ultrasound patch 000
(nulliparous and/or high-risk) Edge-Al risk — closed-loop aspirin 0 6 30%
Enrolled < 16 weeks timing / titration - . 4
often late. S g 0 50 o
° [ . ) Late detectior_l - complications‘ _ At-home monitoring with _the PATCH (edge-_Edﬂy detection & pr_evention . _ é ) g 'E 20% T
LI m Its Of Stat u S q u o . U tA D O p p I e r O r b I O m a r ke rS a I O n e Clinic-only screenin g; hypertension & proteinuria al t prese@tatited capture « Placental radiomics + Doppler «+ On-devickosek-loop prophylaxis triggered by calibrated risk thresl _E 050 .'5 d>,
@ Z m L
. o -0.75
have modest screening utility and rarely change A 0- .
- - Protei:u-lr-i': -1.00
management in real time. | 5 outea— - = 10 05 00 05 10
. . . . . C — Comparator Primary: severe or early-onset PE (<34 w) cos(theta) ==
Inflection point: Multimodal Al (radiomics + spectral Usual care: Secondary: GA at delivery, preter <37 w " .
. clinic-based screening / monitoring maternal morbidity, NICU; 0.2 0.4 0.6 Control Treated
Model: AUC, calibration, decision-curve EI Risk threshold to trigger prophylaxis
Doppler) and low-power edge compute now make at- " et s o ok e

home placental monitoring feasible. . Flow from treatment to outcome
Methods Blueprint Timing of closed-loop action -

What’S missi ng: N 0O p rIO r Syste m com b | nes h ome Signals — Features/Fusion = Model/Calibration = Decision Utility = Closed-loop Prophylaxis « Edge Al: ONNX — on-device inference Distribution of first week exceeding risk threshold
ultrasound + on-device inference + closed-loop Control
600

p ro p hyl aXi S to m Ove fro m p re d i Ct i O n % p reve nt I O n < Ultrasound Radiomics Spectral Doppler Maternal Covariates 0
. . . . . Placental texture frames [ UtA Pl mean & slo i age, BMI, risk fagters— | \
Equity: Home monitoring can extend high-quality / P ] o evert
. . ——— € 200 @ 400
screening beyond tertiary centers. — | o enpot— o s 3 -
Feature Engineering . Feature Fusion Treated
Texture stats + Doppler summaries : oncatenate multimodal feztuies
t tat pp | t t t | 100 . 200
O bj e Ct ive . Classifier _ ‘j\ _ Performar_lce ’ W1 W2 W3 W4 W5 W6 0 e
_ _ _ Logistic regression (max_iter=1000) |_,/ Isotonic; report AUC & Brier —_— ROC & Calibration plots Week of monitoring (relative to start) ot -
From prediction to prevention: evaluate _
' : : o Results — Summary Conclusi
whether at-home placental monitoring with | | 1mm . - onclusion
. p . S - g Net poiston LY — Trigger/tgrgze:s:g)(i)r?npv;\r:r? o threshold: Feproducible syninetic baseline (swap with plot data on Ingestion) Home patch + edge-Al + closed-loop prophylaxis = from prediction to prevention
edge-Al that triggers/titrates aspirin can tming effect & adherence

Model performance

AUC = 0.635; Brier = 0.196; visually well-calibrated (reproducible synthetic baseline). uC_gauge.png / hero_row.png

reduce severe/early-onset PE vs usual care.

Decision utility

v Feasibility & shift in care
Home ultrasound patch + edge-Al + closed-loop prophylaxis is feasible and moves care from prediction = prevention.
Positive net benefit for trigger thresholds = 0.15-0.35 — actionable band for aspirin initiation.
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v Baseline evidence

Closed-loop prevention (simulation) Reproducible baseline shows credible discrimination, useful decision-curve behavior, and a large simulated ARR when aspirin is trigge

Event rate: treated 33.8% vs control 51.4% — ARR = 17.6 pp (bars show Wilson 95% CIs). SICEER o AL el ISELP AT

Specific Aims 2. Simulate closed-loop
1. Develop & validate a compact prophylaxis to estimate absolute

When actions fired

Most first threshold crossings occurred early (W1-W3) — earlier initiation aligns with larger benefit. action_Week histpng

multimodal model (radiomics + risk reduction (ARR) and define
UtA Doppler + maternal signals) actionable risk thresholds for a

v Next steps

Treatment — outcome flow SlEps o _ _ _ _ _ _
Swap in pilot signals, lock thresholds from decision-curve analysis, and evaluate outcomes in a prospective, equity-minded trial.
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Sankey shows clear shift toward “No event” in the treated arm. - - il

v Clinical target
Defines a novel target for pilot & pragmatic RCT: earlier detection and reduction of severe/early-onset PE (<34 w).
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