
Friday, May 19, 2023
Virtual Conference

Artificial Intelligence in Healthcare: Improving Health 
Outcomes and Advancing Equity with New Tools

2023 Spring Provider Symposium



AI in Medical Imaging
• Automate the extraction and 

analysis
• Quantify the Image content 
• Detection
• Segmentation 
• Quantification
• Categorization

AI in Medical Imaging –
From Image Quantitation to the 
Monitoring of Disease 

Hayit Greenspan, PhD.

Professor in the Department of Diagnostic, Molecular, and 
Interventional Radiology & Director of the AI Core at the 
BioMedical Engineering and Imaging Institute (BMEII)
Icahn School of Medicine at Mount Sinai

Affiliated with the AI and Human Health Dept at MS

Co-Director of AIET PhD Program at MS
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Transfer Learning: New pre-training using varying data & tasks 

§ Most common TL: ImageNet pretrained 
networks to initialize networks for medical 
tasks.

§ The HydraNet architecture:
Pretraining on several additional medical data sources 
and tasks: 7 segmentation datasets
U-net architecture with 7 decoders for joint training
Fine-tuning on a target task with single decoding head.

N. Sagie, S. Almog, A. Talby, and H. Greenspan, “COVID-19 Opacity Segmentation in Chest CT via HydraNet - A Joint Learning Multi-Decoder Network,” 
Medical Imaging 2021: Computer-Aided Diagnosis. SPIE, 2021, vol. 11597.

HydraNet - A Joint Learning Multi-Decoder Network

U-Net

Modeling Challenge
• Collecting medical images is difficult; 

done by experts
• Labeling of medical images is 

difficult; done by experts
• Manual localization of lesions is 

challenging
• Ownership & privacy issues
• Very limited national-level open 

datasets

Our Challenge is to train networks with limited amount of data, 
and to build strong and robust systems

The Data & Modelling Challenges

Data Challenge
• Robustness

• Critical forgetting
• Domain shift – Site adaptation

• Generalization
• Explainability
• Fuse across domains

(Image+Clinical+Omics)
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The RadImageNet Database: 
1.35 million annotated radiologic 
images; Data request:radimagenet.com

RadImageNet: An Open Radiological Deep Learning Research 
Dataset for Medical Transfer Learning 

(Mei et al.) Radiology: Artificial Intelligence 2022
Xueyan Mei, Zelong Liu, Philip Robson, Brett Marinelli, Mingqian Huang, Amish Doshi, Adam Jacobi, Katherine Link, Thomas Yang, Chendi Cao, Ying Wang, Hayit Greenspan, Timothy Deyer, Zahi Fayad, Yang Yang

(a) CT image; 
(b) ground-truth; 
(c) training from scratch (d)ImageNet 
initialization 
(e) HydraNet from scratch
(f) HydraNet w/ ImageNet

HydraNet - Results

Transfer with Regularization – modify loss function to prevent overfitting:

𝑎𝑎

𝑏𝑏

𝑐𝑐

𝑑𝑑

𝑒𝑒
Green = True Positives
Red = False Positives

Yellow = False Negatives

11% increase    (P-value<0.0001)

Data	split,	20	non-contrast	CT	scans	(3,071	slices):	

Training:	16	scans	(2296 slices)

Validation:	2	scans	(452 slices)

Test:	2	scans	(323 slices)
3-fold	cross-validation

PrecisionSensitivityDiceExperiment
0.64 ± 0.150.72 ± 0.140.65 ± 0.03Random
0.67 ± 0.070.72 ± 0.090.69 ± 0.06ImageNet

0.72 ± 0.110.75 ± 0.140.71 ± 0.02HydraNet

0.81 ± 0.020.68 ± 0.180.73 ± 0.12ImageNet+HydraNet	

Dice:	 !"|$%|
!" $% & '% &|'(|

Precision:	 |$%|
$% &|'%|

Sensitivity:	 |$%|
$% &|'(|
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RV Strain Classification from 3D CTPA using Weak Supervision

Comparison with state-of-the-art 3D CNN models: 
7% gain in AUC

* Chen, S., Ma, K., and Zheng, Y., “Med3d:Transfer learning for 3d medical image analysis,”CoRRabs/1904.00625(2019).
** Zhou, Z., et al.., “Models genesis: Generic autodidactic models for 3d medical image analysis,” (2019).

*
**

Heatmap visualization results

*
**
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Data Augmentation using StyleGAN
StyleGAN (via Nvidia) proposes a unique generator architecture that creates 
high quality and high-resolution images:  Maps the input latent vector into an intermediate disentangled 
latent space which we can use to manipulate the generated images. 

Generated Faces

Fine-tuning a pre-trained StyleGAN:
Generate high-resolution realistic-looking CT 
images, using 11 CT scans from LiTS dataset 

Generated CT slices

Karras et al. CVPR, 2019

D. Cohen, R. Giryes,  H. Greenspan, Style Encoding for Class-Specific Image Generation, SPIE, 2021
D. Cohen , R. Giryes, H. Greenspan, Encoding in Style Class-Specific Generation and Translation, MICCAI, LABELS workshop, 2020

Goodfellow et al.  2014.

Data Augmentation: Synthetic Lesions! 

Frid-Adar, M., Klang, E., Amitai, M., Goldberger, J., & Greenspan, H.: Synthetic Data Augmentation using GAN for Improved Liver Lesion Classification
IEEE-ISBI (2018);Neurocomputing (2018)

Generative 
Adverserial
Networks 
(GANs) +7%
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RadImageGAN: Synthetic Images

12
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Weakly Supervised Multimodal 30-day Mortality Prediction for 
Patients who were Diagnosed with Pulmonary Embolism

Goal

Binary 
classification

30-day mortality

Survival

N. Cahan, Y. Barash, S. Soffer, E. M. Marom, E. Konen and E. Klang and H. Greenspan, IEEE-ISBI 2022,  Scientific Reports 2023 

Develop a fully automated solution for 30-day 
mortality predictive model using both imaging data 
and clinical data from PE diagnosed patients

Challenges
• Limited data.
• Noisy labels with no annotations.
• Small number of positive examples 
• Fusion is difficult!

From the Image to 
the Patient 

& 
Disease Monitoring
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Workflow 

Existing prognostic tools include:
● Imaging:

○ CTPA
○ Echo

● Clinical predictive rules:
○ PESI
○ sPESI

● Laboratory markers:
○ Cardiac troponin I,T
○ Natriuretic peptides: BNP, NT-proBNP

The key to an effective 
treatment of  PE in the 
acute phase lies in the 
assessment of  the 
patient’s early death risk.

PE severity assessment
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Summary of Results: 
Single vs Multimodal Multimodality model 

outperforms the Imaging 
model by 13.8% , the 

Clinical model by 9.5%
And the clinical rules by 

17%!

PESI sPESI Clinical Imaging Multimodal

13.8%

9.5%

17%

Weakly supervised end-to-end 
solution. Models are applied on 
weakly labeled data, in variable 
and noisy environments and for a 
highly imbalanced dataset -An 
alternative prognostic score?

Multimodality comparison
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BMEII AI Core
Hayit Greenspan, PhD
Xueyan Mei, PhD
Valentin Fauveau, MS
Zahi A Fayad, PhD
May 9, 2023

PROJECTS/ COLLABORATIONS
Radiology/Pulmonology:  Chest  

Early detection of lung nodules and lung cancer;
Lung tissue analysis: fibrosis, ILD
Tracking progression over time

Gastro:   Abdomen – Liver / PE
Automated segmentation of liver and liver lesions/tumors

Using multiple MRI sequences
Detection of PE; Characterization; mortality prediction

Neuro:  MS Lesions in the brain; Stroke
Early detection

Identifying different population groups: forming depression/not

Dermatology                               

Surgery
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OUR RESOURCES THE TEAM

RadImageNet (RIN): 
Collection of pre-

trainedDeepLearning
Networks for effective
Transfer Learning

DiscoveryViewer (DV):
MedicalAIModel

DevelopmentPlatform
andDeploymentHub

XueyanMei, PhD

AIResearchLead

HayitGreenspan, PhD

Director of AICore;
Co-Director ofAI-ET

PhDProgram

Zahi Fayad, PhD

Director, BMEII
AI CoreConsultant

Valentin Fauveau,MSc

AIDeployment Lead

Density

Texture

Shape

RADIOMICS CLASSIFICATION REGRESSION SEGMENTATION
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Artificial Intelligence in Imaging

In today'sworldof rapid advancements inmedical technologies, theneed for efficient collaboration
betweenhealthcareprofessionals and researchershasneverbeengreater. Artificial Intelligence (AI) 

opensnewopportunities for excitingmultidisciplinary research, combining themedical andengineering
fields for improveddiagnosis and treatment of abroad rangeof health conditions.

What We Do

At theBMEIIAI Core,wework collaborativelywith researchers fromvariousdepartmentswhoaim to
advance their ideas for artificial intelligencemodels related tomedical imaging. Weoffer ourexpertise
invariousaspectsofAIdevelopment, including ideation,data collection,dataannotation,AI
modelarchitecture, anddeployment. Our team isdedicated toprovideguidance throughout the
entiremodel creation journey toensure that thehighest quality standards aremet. Additionally,we
provideaplatform todeploy, test anddynamically re-traindeployedmodels to ensure theymeet the

demandsof real clinical settings applications.
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RadImageGAN: Synthetic Images

24

RadImageNet:
1.35 million annotated radiologic images

23(Mei et al.) Radiology: Artificial Intelligence 2022
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Model Training

26DV is bundled with RadImageNet (RIN), making it easy to train and test models through a Transfer Learning approach

Annotated Studies

TRAIN

TEST

Data Annotation

25
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AIET
AI & Emerging Technologies

New PhD Program at Mt Sinai

Co-Directors:
Hayit Greenspan, PhD

Alan Seifert, PhD

H

Test / Evaluation / Fine-Tuning

Use: Insert tab > Text group > Header & Footer dialog to globally edit the footer 27

Segmentations

Regressions

Classifications

- Automated Report 
Generator

- Diagnosis Support
- Physiological 

Measurements
- Organ Segmentations

- Etc.

Radiomics

Artificial Intelligence in Healthcare: Improving Health Outcomes and Advancing Equity with New Tools



AIET  PhD
Our Disciplines
Artificial Intelligence and a variety of other powerful technologies (e.g., imaging, biotechnology, 
nanotechnology, information technology, cognitive science, and robotics) are paving the way for a 
new era of biomedical research, offering unparalleled opportunities to improve human health. 
Collaborations
Relationships with several well-regarded higher education institutions:
--State University of New York at Stony Brook, 
--Rensselaer Polytechnic Institute (RPI), 
--the Grove School of Engineering at the City College of New York, 
--the Cooper Union - Albert Nerken School of Engineering, 
--the Hasso Plattner Institute of the University of Potsdam, in Germany
offer complementary technical expertise to expand collaborative research and enrichment 
opportunities for trainees and faculty.

https://icahn.mssm.edu/education/phd/biomedical-sciences/artificial-intelligence-technologies

AIET Goals
• To offer students with solid quantitative and technical 

backgrounds educational and research opportunities in:
• AI/machine learning
• Medical imaging
• Next generation medical technologies (devices, sensors, 

robotics, wearables)
• Virtual/augmented reality for clinical applications or drug 

discovery

H

https://icahn.mssm.edu/education/phd/biomedical-sciences/artificial-intelligence-technologies

COVID automated 
image analysis in 
CT and Xray images

MS Lesion detection and segmentation 
in BRAIN MRI
Ranked 1st in  DICE on ISBI-2015 challenge

Stretchable skin-mounted electronic sensors for 
measurement of electrical activity

Yun Soung Kim, Ph.D., AIET Faculty Member

Heart rate variability tracking for 
early diagnosis of COVID-19

Hirten et al., J Med Internet Res. 2021

Machine learning analysis of 
robotic surgery

Lee, Rapoport, et al.
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Mortality Risk AI: A use-case 
involving ‘off-label’ use and 
considerations for equity

May 19, 2023
HealthFirst Provider Symposium. Artificial Intelligence & Health: 

Addressing Health Outcomes and Equity with New Tools.

@vincentjmajor
vincent.major@nyulangone.org
vincentmajor.com

Vincent J. Major, PhD

Who Am I?
• Trained engineer, working in healthcare applications for nine years.
• PhD in biomedical informatics from New York University where I: 

– developed machine learning models to identify hospitalized patients at 
very high-risk of mortality and 

– deployed these to notify physicians within minutes of admission

Two hats:

• Academic (NYU Grossman School of Medicine)
– Assistant Professor, Center for Health Innovations and Delivery Science, 

Department of Population Health
• Operations (NYU Langone Health)

– Lead, Operational Machine Learning EHR Integration, Medical Center IT
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The Predictive Analytics 
Unit at NYU
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• Provide a predictive 
modeling capacity to:
• Increase operational 

efficiency.
• Drive value.
• Translate AI to the 

point of care.

• Lead specific 
projects from 
inception through:
• Development,
• Deployment, and
• Evaluation

• Provide education 
and professional 
development to 
support data-driven 
decision making.

• Provide central 
umbrella 
organization for 
clinical data science 
at NYU and for 
external 
collaboration

fourthreetwoone

Purpose of the Predictive Analytics Unit

IMPACT?

Big Picture of Clinical Predictive Models

Model 
performance

Notification 
reach

Adoption 
rate

Treatment 
effectiveness

Prediction Communication Decision Intervention Evaluation!

A good model doesn’t guarantee success. We need to consider the entire clinical workflow. 
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Background: AI for End-of-
Life

Background – Decline at the end-of-life

• Patients with life-limiting disease can maintain their health status for months or years.

(Glare et al., 2008)

• A ‘sentinel hospitalization’ may mark 
start of a rapid decline before death. 
(Lin et al., 2014)
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• Estimating when a patient will die is difficult.
– Physicians are known to overestimate survival. (Christakis and Lamont, 2000; Glare et al., 2003)
– Physicians are ⅓ accurate at estimating survival within +/- ⅓ (Taniyama et al., 2014)

• The estimate and confidence are the driver for downstream interventions.
– Optimism and uncertainty can lead to continued treatment.

• Many different scores, indices and tools exist.
– Performance varies widely by study. (Siontis, Tzoulaki and Ioannidis, 2011)
– Few are widely used in practice. (Yourman et al., 2012)
– None have demonstrated consistent improvements in ACP.

Background – Prognosis in practice

Can we use machine learning?

Objective

• To identify hospitalized patients at risk of dying who may benefit from advance care 
planning and prompt their providers to act

• To develop, validate, and implement machine learning models to predict patients at 
very high risk of dying

– Adapt prior work to:
• Predict on (almost) all adult admissions,
• Predict at (or near) the time of admission,
• Predict with high precision (75% positive predictive value), and
• Predict death within 60 days of admission.
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Development – Data sources

• Data pulled from Epic 
Electronic Health Record.

– All adult admissions from 
2015–2017 across 3 sites.

• 128k inpatient admissions.

Development – Experimental Design

• Three years of data, split it into groups:
– Training, and
– Temporal testing set

• Ensure one patient is only in one group.
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Development – Modeling

• Random forest
– Parameters selected within cross-validation
– Retrained and applied to testing

• Results
– Good discrimination and moderate 

average precision
• Maintained across sites

– Operate at 75% PPV
• 4.6% recall
• Overly conservative at Brooklyn

(MEDCALC, 2019)

Major, 2020. BMC Medical Informatics and Decision Making.

Implementation – Live models

We have 3 models that are live:
1. RealTime (Major, 2020),
2. DayOne,
3. NoteBased (Bilaloglu, 2021).

The models tend to find similar patients but each adds a different 
group.
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• Presented to patient’s attending physician,
• Interruptive (cannot click away),

– One chance to defer
• Asks if the user agrees with the patient’s risk.

– Agree
– Disagree
– Defer

Implementation – Clinical Alert

Wang, 2021. NEJM Catalyst.

Evaluation – Adoption of ACP above baseline?

• No control group, use other groups
– Lesser risk

• Using the models to find the next group of equal size from the prospective results
– Deaths

• All deaths within 60 days of admission

• Results
– Alerted > Deaths
– Alerted > Lesser risk
– ACP = f(Risk)

Physicians have adopted the alert and 
increased ACP rates
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Evaluation – Key Observations

1. Disagrees are common but few patients with All-Disagree (16%)
a. All-Disagrees have better survival outcomes

i. Providers can identify lower risk patients.

2. Providers are adopting the ACP recommendations (66%)
a. Less when they disagree (34% vs 72%)
b. Higher than the next group of lesser risk and all deaths

3. Overall, the system is performing well and identifying patients at risk

Off-Label Use of AI for 
Care Management
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Adaptation of the Inpatient AI

• The AI was designed with a goal: to develop, validate, and implement machine learning 
models to predict patients at very high risk of dying. 

– Predict on (almost) all adult admissions,
– Predict death within 60 days of admission
– Predict with high precision (75% positive predictive value), and
– Predict at (or near) the time of admission, to
– Notify Attending physicians within minutes of admission.

• Pivoted this to help screen patients in the community:
– Focusing on attributed patients in the community, while
– Recycling predictions from a recent hospitalization, to
– Prioritize screening and outreach by risk (the top ~8% of patients)

Human-in-the-loop screening for Supportive Care

1. Patient comes to the hospital,
2. Models predict their risk, which is added to a list,
3. Patient (survives,) is discharged and goes home,
4. A Supportive Care RN reviews the list daily, reviews their chart, and contacts patients 

directly. Follow-up with Community Health Workers and Clinical Care Coordinators.
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Intervention and Patient Engagement

Over 3,600 patients have been identified since the program’s inception in late 2019. Cases 
are reviewed by our interdisciplinary team for eligibility and outreached if appropriate.

● 352 Patients eligible for SC intervention
● 277 Patients engaged, 61% Engagement Rate
● Outreach in progress for 60 additional patients
● 29 (10%) Patients enrolled in hospice

● 221 Patients engaged, 36% Engagement Rate
● Top 3 goals of care: acquiring medical care, acquiring food 

support and acquiring transportation

● 291 Patients engaged, 30% Engagement Rate
● Top 3 goals of care: Healthy Behaviors, Chronic Disease 

Management, Diabetes Management

Algorithmic Fairness 
and Equity
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Said another way, given a known disparity, it is 
impossible to generate the same AI-based 
decisions for different groups while treating all 
patients equally. 

The impossibility of being fair

• Many different concepts and definitions for an algorithm being ‘fair’
– Model decision unchanged by protected/sensitive attributes (such as race/ethnicity or gender)
– Equal likelihood across attributes, etc.

• Statistically, it is impossible to satisfy these two without either:
– No disparity in outcomes, or
– A trivially useless AI.

Which would you pick? Treat patients the same 
or give more resource to patients who need it?

Our model

1. Disparities exist
a. By sex, by race, and by location
b. We underestimate risk at the highest 1%
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Our model

1. Disparities exist
2. One threshold → disparity in treatment

a. One threshold for all patients (orange), 
we achieve wildly more conservative 
actions at Brooklyn (blue vs. purple)

b. Because the distributions are different ↓

Our model

1. Disparities exist
2. One threshold → disparity in treatment
3. Our inputs are encounters and coded EHR data

a. Reasonable to infer that a model may learn:

utilization ∝ risk
b. Patients with lower access to affordable care 

may be disadvantaged

With all of this said, what are we 
trying to do? 
Help patients by allocating a limited 
resource where it may be needed.
Either we can forget about a model, 
or, we can override it and help the 
people who need it most.

Utilization

R
is
k
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One solution: use an imperfect model and choose to treat 
patients unequally with the goal of equity.

For our inpatient use-case, we cared about PPV—how confident we were in the identified 
patients (positives). 
We could choose to lower the threshold at Brooklyn to equalize PPV.
Or, we could choose to equalize a different metric, e.g. recall/sensitivity—the proportion of 
patients who die who are outreached.

Parting thoughts

1. AI for end-of-life planning and supportive care is possible (for us, since 2018)
2. An accurate model will learn the existing disparities in data and outcomes.

a. A model can either:
i. pretend all patients are the same (ignore their sensitive attributes), or 
ii. Act in a way to achieve equal actions (equal performance across groups), but not both.

3. Don’t dismiss bias as unhelpful.
a. It is a limitation that can be wrangled.

4. Awareness of existing disparities and potential paths for correction are more important 
than an accurate AI.

a. A simpler model may be easier to understand and correct than a ‘black-box’.
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Thank you!

Questions?

@vincentjmajor
vincent.major@nyulangone.org
vincentmajor.com
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About Healthfirst 
Healthfirst is New York’s largest not-for-profit health insurer, earning the trust of 1.8 million 

members by offering access to affordable healthcare. Sponsored by New York City’s leading 

hospitals, Healthfirst’s unique advantage is rooted in its mission to put members first by 

working closely with its broad network of providers on shared goals. Healthfirst takes pride 

in being pioneers of the value-based care model, recognized as a national best practice. For 

nearly 30 years, Healthfirst has built its reputation in the community for top-quality products 

and services New Yorkers can depend on. It has grown significantly to serve the needs of 

members, offering market-leading products to fit every life stage, including Medicaid plans, 

Medicare Advantage plans, long-term care plans, qualified health plans, and individual and 

small group plans. Healthfirst serves members in New York City and on Long Island, as well 

as in Westchester, Sullivan, and Orange counties. For more information about Healthfirst, 

visit healthfirst.org. 

About Healthfirst Advance
Healthfirst ADVANCE represents a culmination of Healthfirst’s 30-year commitment to 

value-based care and the belief that health equity can only be achieved when organizations 

work together to tackle systemic barriers. Healthfirst’s health equity programs are only 

possible because of the hard work and collaboration with its invaluable provider and 

community partners. Read case studies, first-person health equity views, and more at 

ADVANCE | Healthfirst.



 0363-23
Healthfirst is the brand name used for products and services provided by one or more of the Healthfirst group of affiliated companies.

Thank you for attending  
Artificial Intelligence in Healthcare: Improving Health Outcomes and 

Advancing Equity with New Tools


