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Lack of evidence in medical practice

• Only 11 percent of sampled American College of Cardiology and American Heart Association 
guidelines used evidence from RCTs or meta-analyses
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Lack of evidence in medical practice

• Of more than 4000 recommendations for infectious diseases, 14 percent were based on RCTs
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Lack of evidence in medical practice

• 88 publications of CPGs involving 3119 recommendations

• 9% based on PRCTs and percentage decreased over time
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Evidence-based medicine or expert opinion
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11 Hospitals

200+ Clinics and Rehabs

4000+ Physicians
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Northwestern Medicine Enterprise Data Warehouse
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Electronic Medical Records and Genomics (eMERGE) Network

10/9/2022 9



Yuan Luo (Northwestern) Machine Learning for Better Medicine

Machine learning to integrate multi-modal healthcare data
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Omics data

Biomedical text

Time series

Structured data

Medical Imaging
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Bulk NLP to power R&D and BI
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Biomedical text
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Computational phenotyping to ascertain breast cancer recurrence

The problem we tried to 
solve: Cancer Recurrence 
data are hard to come by 
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Biomedical text
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Computational phenotyping to ascertain breast cancer recurrence

• Progress notes and pathology report contain rich information on BC local, 
distant recurrences and contralateral events
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Biomedical text
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Machine learning to integrate multi-modal healthcare data
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Biomedical text
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Biomedical text
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Simulation of Ventilator Allocation in Critically Ill Patients with COVID-19
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Structured EHR data
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Total Tertiary care hospital A Tertiary care hospital B Community hospital network

N 2,363 643 687 1,033

Age, years 64 (52-75) 63 (50-73) 64 (51-74) 65 (53-76)

Sex, male 1,398 (59.2) 364 (56.6) 407 (59.2) 627 (60.7)

Race/Ethnicity

Non-Hispanic Black 760 (32.2) 489 (76.0) 204 (29.7) 67 (6.5)

Non-Hispanic White 828 (35.0) 55 (8.6) 209 (30.4) 564 (54.6)

Hispanic 582 (24.6) 65 (10.1) 202 (29.4) 315 (30.5)

Other 193 (8.2) 34 (5.3) 72 (10.5) 87 (8.4)

Insurance

Medicare 1,227 (51.9) 341 (53) 342 (49.8) 544 (52.7)

Medicaid 480 (20.3) 188 (29.2) 121 (17.6) 171 (16.6)

Private 613 (25.9) 112 (17.4) 211 (30.7) 290 (28.1)

Unknown 43 (1.8) 2 (0.3) 13 (1.9) 28 (2.7)

SOFA score 5 (3-8) 6 (4-8) 5 (3-8) 5 (3-7)

Chronic Disease 

Non-major (Score<16) 1,730 (73.2) 331 (51.5) 480 (69.9) 919 (89)

Major (16 ≥ score < 28) 387 (16.4) 187 (29.1) 116 (16.9) 84 (8.1)

Severe (score ≥ 28) 246 (10.4) 125 (19.4) 91 (13.2) 30 (2.9)

Critical care resources

Hemodialysis 388 (16.4) 171 (26.6) 112 (16.3) 105 (10.2)

Vasopressor use 843 (35.7) 259 (40.3) 294 (42.8) 290 (28.1)

High flow nasal cannula 1,313 (55.6) 293 (45.6) 415 (60.4) 605 (58.6)

Non-invasive ventilation 621 (26.3) 89 (13.8) 186 (27.1) 346 (33.5)

Mechanical ventilation 998 (42.2) 247 (38.4) 353 (51.4) 398 (38.5)

Outcomes

LOS, d 11.7 (6.0-21.1) 10.8 (6.3-18.4) 15.1 (7.4-27.3) 10.2 (4.9-18.7)

Mortality rate 475 (20.1) 162 (25.2) 111 (16.2) 202 (19.6)
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Structured EHR data
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Ventilator allocation protocols

Protocol Ethical Principles Rules
Countries and US States 

with Similar Protocols
Lives saved (%)

Lottery Treating people equally Random assignment None 31.1 (29.7-32.6)

Youngest-first
Save life-years

Prudential Lifespan Equity

Rank by age Italy 34.7 (33.5-35.8)

SOFA-only* Save lives

Three SOFA tiers:

   : ≤ 7

Yellow: 8-11

Blue: >11

Lottery tiebreaker

Arizona, California, Indiana, 

Iowa, Kansas, Louisiana, 

Michigan, Nevada, New 

Mexico, 

New York, 

South Carolina, Tennessee, 

Vermont, Washington

32.9 (31.6-34.1)

Multi-principle†
Save lives

Save life-years

SOFA category points:

1. ≤8

2. 9-11

3. 12-14

4. >14

Chronic conditions:

+ 3           “      ”

Age tiebreaker‡

Maryland, Massachusetts, 

Pennsylvania, Oklahoma
33.5 (32.3-34.8)
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Structured EHR data
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Allocation and survival by race

10/9/2022 18

Structured EHR data
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Unintended Disparities in Scarce Resource Allocation in Critically Ill Patients with COVID-19

• Black patients had higher SOFA scores and higher prevalence of comorbidities

• Leading to lower priority tiers and significantly less allocation of ventilators

• In turn leading to significantly lower survival

• White patients have increased vents in the SOFA-only protocol, but did not translate 
into higher survival
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International shared-task challenge for clinical missing data imputation
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Structured EHR data

All admissions where each 
of the 13 tests was 
recorded at least once
•47,862 unique admissions
•696,673 time points
•7,601,216 test results

Exclude time points with more than half 
of the 13 laboratory tests missing

•16,534 unique admissions
•396,631 time points
•4,773,769 test results

Exclude admissions without at least 10 
remaining time points for each variable

•47,862 unique admissions
•594,187 time points 
•7,143,122 test results

Exclude admissions with a constant 
value across time points for a test

•16,537 unique admissions
•396,668 time points 
•4,774,228 test results

Luo Y, Evaluating the state-of-the-art in missing data imputation for clinical data, Briefings in

Bioinformatics 2021 https://doi.org/10.1093/bib/bbab489

https://doi.org/10.1093/bib/bbab489
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Machine learning to integrate multi-modal healthcare data
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ImageGCN: Graph Neural Networks to model relations between images
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Medical Imaging

C Mao, L Yao, Y Luo, ImageGCN: Multi-Relational Image Graph Convolutional Networks for Disease Identification with

Chest X-rays. IEEE Transactions on Medical Imaging 2022 10.1109/TMI.2022.3153322.
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ImageGCN: Graph Neural Networks to Model Relations Between Images

10/9/2022 23

Medical Imaging

Multi-dimensional relations between medical images => 
deep graph neural networks => 
Better interpretability and better accuracy
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ImageGCN: Graph Neural Networks to Model Relations Between Images
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Medical Imaging

https://github.com/mocherson/ImageGCN
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Machine learning to integrate multi-modal healthcare data
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Integrative omics: CVD precision medicine
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Multimodal precision medicine

Y Luo, C Mao, Y Yang, F Wang, FS Ahmad, D Arnett, MR Irvin, SJ Shah. Integrating Hypertension Phenotype and

Genotype with Hybrid Non-negative Matrix Factorization. Bioinformatics 2018 PMID: 30239588

Integrating phenotype and 
genotype to better subtype 
heterogeneous patient cohort 
and inform targeted therapy
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PANTHER: Pathway Augmented Nonnegative Tensor factorization for HighER-order 
feature learning in genetic medicine

• Genetic pathways are important in understanding the molecular mechanisms

• Individual pathways are part of the entire biological system and interact with each 
other

• It is important to model co-functioning molecular mechanisms by grouping 
pathways together

10/9/2022 27

Omics

BTG1
LRIG3
TBC1D4
TMTC1
KCNMA1
SH3GL2
……

v.s.
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PANTHER factorization scheme 
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Omics
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Results and t-SNE visualization of the learned train set subject features
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Omics

Y Luo, C Mao. PANTHER: Pathway Augmented Nonnegative Tensor factorization

for HighER-order feature learning. AAAI 2021, 371-380.
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Machine learning to integrate multi-modal healthcare data

10/9/2022 30

Omics data

Biomedical text

Time series

Structured data

Medical Imaging



Yuan Luo (Northwestern) Machine Learning for Better Medicine 10/9/2022 31

Multimodal precision medicine
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Multimodal precision medicine

• Common neurodevelopmental disorder

• Prevalence ~1%, male centric, early onset in childhood

• A strong genetic component

• Early molecular diagnosis is a promising path

• Unknown specific genetic cause in most cases

Autism Spectrum Disorder (ASD)

Photo credit: The Kobal Collection
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Identification of 33 neurodevelopmentally co-regulated, sex-differentially expressed exon clusters with ASD 
segregating deleterious variation
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Multimodal precision medicine

Figure.1
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One large cluster (84 genes) associated with lipid regulation functions
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Multimodal precision medicine

Cluster ID Functional enrichment

5965 Reactome metabolism of lipids and lipoproteins

Figure.2c
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One large cluster (84 genes) associated with lipid regulation functions
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Multimodal precision medicine

Cluster ID Functional enrichment

5965 Reactome metabolism of lipids and lipoproteins

Figure.2c
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ASD have blood lipid profiles that are outside the normal range
–                ’  H        (  H)
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Multimodal precision medicine

Figure 2d and 2e

Figure 2e: Results from individuals with 
metabolic dysregulation, including obesity, 
diabetes and metabolic syndrome X, are shown 
at the bottom.
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Enrichment of dyslipidemia diagnoses in individuals with ASD
– Aetna healthcare claims 
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Multimodal precision medicine

Figure 2f Extended figure 2a
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Enrichment of dyslipidemia diagnoses in parents of children with ASD
– Aetna healthcare claims 
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Multimodal precision medicine

Extended figure 3
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ASD study conclusion

• New AI-driven precision medicine method to 
make sense out of massive genomic, 
transcriptomic, EHR and claims data etc.

• Identified a previously unrecognized risk 
factor for ASD which was verified in large 
clinical cohorts

• Opens avenue for early detection, 
intervention, and better outcomes for 
individuals with ASD and their family 
members
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Multimodal precision medicine

Source code: https://github.com/luoyuanlab/autism_precision_medicine
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The pandemic as a stress test for machine learning in healthcare
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Vision
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Moving from reactive to proactive multi-modal machine learning
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Vision

Luo Y, Wunderink RG, Lloyd-Jones D. Proactive vs Reactive Machine Learning in 

Health Care: Lessons From the COVID-19 Pandemic. JAMA. 2022.
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Let us work together and bring it to a whole new level

• Collaboration welcome

• yuan.luo@northwestern.edu

• @yuanhypnosluo

• We are hiring, multiple postdoc positions available

• https://labs.feinberg.northwestern.edu/luolab/

• Main funding support acknowledgement
– U01TR003528 

– U54HL160273

– R01LM013337

– R01GM105688

– R21LM012618

– UL1TR001422

– U01HG011169
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