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Our Research : Past 25+ years: 

High Performance Computing (HPC)

• Parallel algorithm design, scalable 
AI/ML training

• Scientific Data management

• Parallel I/O

AI + Data Mining

• AI/ML algorithm design

• Deep learning

• Text mining

• Graph mining

Interdisciplinary Applications

• Materials science

• Healthcare + Life-sciences

• Social media

• Climate

• Etc.
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The Clinical Stakes

Inpatient cases : Illustrative (related) questions for Doctor’s 
decision – Today/Now 

• Should the patient be extubated today? Tomorrow?
• Will patient develop VAP (Ventilator Associated 

Pneumonia)?
• Mortality?



AI-Enabled Clinical Decision Making
Doctors limited by:

• Processing thousands of datapoints

• Spotting subtle patterns over time

time• Subjective assessment variability

AI excels at:

• Analyzing datasets

• Detecting complex patterns

• Consistent objective analysis

• Unbiased signal detection

Goal: Complement human expertise, not replace it



ICU dataset

Should extubate 
tomorrow?

"How to develop machine learning 
frameworks that handle complex, 
multimodal medical data across clinical 
clinical contexts - from dense ICU 
monitoring to sparse specialty care 
-

-
while leveraging sequential patterns 

patterns and patient cohorts for robust 
robust predictive performance and 
clinical interpretability."

Problem Statement



Extubation Prediction

When to Attempt Successful Extubation

in the ICU

in the 

Too Early:

• Crash

• Failed extubations (Put

patient back on < 48 hours)

hours)

Too Late:

• Ventilator-associated pneumonia

• Prolonged Stay (Bed usage)

Current Approach: Subjective doctor assessment +
breathing trials



Dataset

448 patients, 3,095 ICU 
patient-days

External validation:
333 patients

Method

37 clinical features 
(midnight to
8AM) to predict next-
day extubation readiness

day 

readiness

Timing

Aligned with morning rounds for actionable insights

Nature Scientific Reports

Rich ICU Monitoring Data (From the SCRIPT study)



Learning From Missing Data
Missing ≠ Random

Missing often means "patient stable” – Traditional approaches to dealing with missing data DON’T work. Missing data itself could be a signal!

Preserve missing data information

Explicitly encode when data is missing as a 

meaningful signal

Create meaningful ranges

Divide continuous variables into clinically relevant 

relevant categories

Keep clinical significance

Maintain interpretability for healthcare professionals

professionals

Day Temperature_mask 

(Missing)

Temperature [-∞, 98.03) 

98.03) (0-25%)

Temperature [98.03, 

98.59) (25-50%)

Temperature [98.59, 

99.35) (50-75%)

Temperature [99.35, ∞] 

(75-100%)

1 0 0 0 0 1

2 0 0 0 1 0

3 0 0 1 0 0

4 1 0 0 0 0

5 0 1 0 0 0



Strong Results
Across Hospitals

LSTM 0.870 AUC

Validation Success:
• ✓ Internal Cohort

• ✓ External Validation



Models Agree with Clinicians (experience) –
Critical for Trust + Explainability

Key Features:

Mental Status

Glasgow Coma Scale, RASS score

Lung Function

Plateau pressure, PEEP settings

Overall Stability

Heart rate, blood pressure

Respiratory Support

Oxygen needs

• ✓ Matches medical criteria

• ✓ Clinically interpretable

• ✓ Doctors can trust the reasoning



Models Predict Earlier Readiness

models often identified readiness days 
days before doctors acted

Potential for earlier, safer liberation on 58 
attempts (934 intubation days - 93.8% 
correct)

63.8% (37) of "incorrect” (58) predictions 
within 3 days of actual event

Models flagged 35.4% of failed extubations 
(17/48)

Result: Shorter ICU stays, fewer complications
complications



Clinical Translational Approach
Designed for In-Hospital Use:
• Uses only data available by 8AM

• Decision support, not replacement

Workflow:

Overnight analysis → Risk score → Enhanced clinical decisions



VAP Prediction

Extubation: Are they ready to come of the ventilator 
tomorrow?

VAP: Are they at risk of infection if we keep them on?
Clinical Need:
VAP affects 10-20% of ventilated patients
- Need for personalized care

1 2 3 4 5 6 7
Patient in the ICU at risk of VAP

Current Medicine:
One Treatment for All

Future Medicine:
Personalized Medicine Monitoring Daily

1 2 3 4 5 6 7 8

Patient in the ICU at risk of VAP Analysis of ICU Data8

Same ICU decision point – different risk to anticipate

The Challenge:
Predict infection risk while 
patients

patients
remain ventilated





SCRIPT cohort results:





Sparse Longitudinal Modeling



Why SSc-ILD
Imaging Matters

CT Scans Provide:

Direct disease visualization

See actual lung changes in detail

Regional progression patterns

Track how disease spreads through lungs

Subtle early changes

Detect disease before symptoms appear

The Gap: Labs normal, but CT shows scarring

Opportunity: AI finds hidden prognostic signals



Disease Variability – The Core Challenge

Same disease, Different outcomes
• Some live 10+ years
• Others die in 2-3 years
• Current tools can't predict outcomes

Three Patients Examples

P1
Stable scans over years

P2
Gradual progression over decade

P3
Rapid deterioration in 3 years



Same Disease, Completely Different Trajectories
TrajectoriesPatients with the same diagnosis can follow dramatically different disease 

disease courses, making prediction particularly challenging.

SSc-ILD patients exhibit highly variable disease 
progression patterns, with some remaining stable for 
for years while others deteriorate rapidly.



Three Major
Prediction Tasks

1. ILD Detection

Earlier lung disease identification

2. Mortality (All)

1, 3, and 5 year survival prediction

3. Mortality (ILD)

Postdiagnosis survival guidance



Models Found
Unexpected
Biomarkers

Expected Predictors:
• Lung function tests (DLCO, FVC)

• Disease-specific antibodies

• Age and disease subtype

Surprising Discoveries:
• Red blood cell width 

(inflammation)

• Serum chloride (metabolic 
function)

• White blood cell patterns 
patterns (immune activity)
activity)



Mixture of Experts

Regional Masking
Experts sees only their region

Specialized Training
Region-specific patterns

Smart Gating
Trust weighting

Combined Decision
All expert opinions

Expert Models:
CNN, Vision Transformer, Mamba

Radiomic Features:
Traditional radiology features

(texture, shape, intensity)

Innovation:
Medical knowledge in AI architecture



Challenging Clinical Problems – addressed!

Extubation Prediction + VAP Onsent
Prediction

SSc EHR modeling (mortality 
prediciton)

Imaging (CT) mortality prediction 
(direct  disease signal)

Anatomical MoE (regional expert 
networks – Lung aware modeling)

Multimodal MoE (EHR+CT integration) 
– Patient Specific Reasoning 
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