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AI and Deep Medicine



Medical Diagnostic Errors in the United States

“Most people will experience at least 1
diagnostic error in their lifetime.”

If the correct diagnosis was thought of in the first 5 
minutes, accuracy = 98%, if not 25%

At autopsy, doctors who were “completely certain” of the 
cause of death were wrong 40% of the time

>12 million per year
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29 September 2021



11 November 2019



“We also show that a hybrid model, averaging the 
probability of malignancy predicted by a radiologist with 
a prediction of our neural network, is more accurate than 
either of the two separately”

> 1 million images, AUC 
0.895 w/ 14 radiologists

17 October 2019



27 January 2021

~100,000 patients at 3 health systems, 
predict risk at multiple time points, GAN

Best prior model high 5-yr risk  23%; Mirai 42%





What the Machine Sees in the Retina

May 12, 2020

Kidney Disease

March 2018

Diabetes and Blood Pressure Control Alzheimer’s Disease

Predicting course and intervention for AMD

May 2020

Liver and Gall Bladder Disease Heart Calcium Score

Apr 2021Feb 2021



What the Machine Sees in the ECG
Age and Sex

Cardiac 
Function

Anemia

Attia et al
Jan 2019

Difficult  Diagnoses

27 August 2019



May 2021

Routine ECG in patients without prior heart failure

New diagnosis of low EF (<50%) within 90 days

Overall, 2.1% vs 1.6% (OR 1.31), P=0.007

Improved diagnosis rate 19.5% vs 14.5%. (OR 1.43), 
P=0.001 [in 6% with + AI-ECG]

Echo use increase: 49.6% vs 38.1%



35-year-old asymptomatic man presents
after his sister dies suddenly, unexpectedly, tragically

Normal ECG



What the Machine Sees in on a Slide 

>17,000 slides
>10,000 patients

July 2020 Driver Mutations Prognosis

Structural Changes

Tumor vs Normal and Origin



5 May 2021

TOAD-tumor origin assessment via deep learning



Less need FNA, More accuracy



12 July 2021








Clinician 
Category

Data Interpretation

Radiologists Scans

Pathologists Slides

Dermatologists Skin Lesions

Ophthalmologists Eye Exams

Cardiologists ECG, Echo

Psychiatrists Psych Status

Gastroenterologists Scopes

Oncologists Omics, Rx

Geneticists Face, BAM file 

Palliative Care Predictions

All Doctors Delete Keyboards

Nurses Vital signs

Pharmacists Drugs

How AI Will Transform Health Professionals



7 January 2019

AI Across the Healthspan



Every minute without a diagnosis counts 

The fastest possible diagnosis in 13.5 hours for these babies, using AI 
tools to optimize for speed and performance

Rapid AI Medicine for Critically Ill Infants

Sample 
from 

critically ill 
infant

Clinical feature extraction by CliniThink Natural 
Language Processing

Preparation + Sequencing Automated Diagnosis (Fabric 
GEM, InVitae MOON)

GTRx automated 
management 

Alignment and 
variant calling

748’ 46’ 12’

Rapid 
Precision 
Medicine

(<60’)Times:

1’
Steps supported by 

AI / machine 
learning

2

1 3



Clinical Natural Language Processing (CNLP)

CNLP
OMIM

127.0158.9
9.0 

(5.7%)

CNLPOMIM

148.6 204.46
15.7 

(10.5%)

Infant Deaths (n=30)

Infants who did not die (n=122)

HPO Code HPO Term Frequency
hp0000152 Abnormality_of_head_or_neck 10
hp0000234 Abnormality_of_the_head 10
hp0002086 Abnormality_of_the_respiratory_system 9
hp0000765 Abnormality_of_the_thorax 8
hp0001438 Abnormality_of_abdomen_morphology 8
hp0002170 Intracranial_hemorrhage 8
hp0000707 Abnormality_of_the_nervous_system 7
hp0001892 Abnormal_bleeding 7
hp0001928 Abnormality_of_coagulation 7
hp0002088 Abnormality_of_lung_morphology 7
hp0002107 Pneumothorax 7
hp0003256 Abnormality_of_the_coagulation_cascade 7
hp0003270 Abdominal_distention 7
hp0100750 Atelectasis 7
hp0001298 Encephalopathy 6
hp0001342 Cerebral_hemorrhage 6
hp0012443 Abnormality_of_brain_morphology 6
hp0000969 Edema 5
hp0001626 Abnormality_of_the_cardiovascular_system 5
hp0001941 Acidosis 5
hp0002118 Abnormality_of_the_cerebral_ventricles 5
hp0002615 Hypotension 5
hp0011024 Abnormality_of_the_gastrointestinal_tract 5
hp0025031 Abnormality_of_the_digestive_system 5
hp0030746 Intraventricular_hemorrhage 5

CliniThink or CLAMP, transforms unstructured EHR data into a structured list of Human Phenotype Ontology Terms 

CliniThink has been iteratively trained on Rady Children’s electronic health records for optimum performance in 
extraction of terms relevant to rare genetic diseases 



GEM (Fabric Genomics) and MOON (InVitae)

Prioritizes and ranks variants 
GEM accurately made 

this diagnosis of isolated 
sulfite oxidase 

deficiency due to a 
mutation in the SUOX

gene

Automated Interpretation Reduces Analytic Time



Rapid, Precision Management for Rare Genetic Conditions 

Genome-To-Treatment 
(GTRx) 
an automated system for 
immediate, 24-hour management 
of newly diagnosed genetic 
conditions

AI was used to pull references for 
a list of 358 severe, treatable 
genetic conditions and extract 
relevant interventions

Available in a web resource for 
frontline clinicians 

Expert Panel 
CurationDevelopment of 

review interface

Development of 
user interface

AI curation of 
interventions

Gene list generated

Curation Partners

Metadata

Orphanet Monarch Mondo

OMIM Monarch HPO

MedlinePlus GHR HGNC

DrugBank PubMed

GARD INXIGHT

Step 1
Step 4Step 2

Extraction and Compilation of genetic 
disease information resources

Step 3



5-week-old with epileptic 
encephalopathy

THMD2 diagnosis at 14 hrs

Thiamine Rx
Perfect health 7 months

10 yrs earlier sibling died of 
same condition

3 June 2021



Using AI to Sharpen Image Quality, Less Acquisition Time, Less Contrast
MRI and PET

Cleared









Jin et al, arXiv, 22 July 2018



Edwards, Sept 2018



17,803 admissions | 5 ICUs
79,073 admissions | 128 hospitals
Model for individualized patient
AI: Better use of (less) IV fluids, 
(higher dose) vasopressors, 
medications
“AI Clinician is on average reliably 
higher than human clinicians”

22 October 2018



Clinician 
Category

Data Interpretation

Radiologists Scans

Pathologists Slides

Dermatologists Skin Lesions

Ophthalmologists Eye Exams

Cardiologists ECG, Echo

Psychiatrists Psych Status

Gastroenterologists Scopes

Oncologists Omics, Rx

Geneticists Face, BAM file 

Palliative Care Predictions

All Doctors Delete Keyboards

Nurses Vital signs

Pharmacists Drugs

How AI Will Transform Health Professionals



September 9, 2020



September 9, 2020



Specialty Input Citation

Ophthalmology Diabetic retinopathy Abramoff, NPJ Digital Medicine 2018

Diabetic retinopathy Gulshan, JAMA Ophthalmology 2019

Diabetic retinopathy Kanagasingam, JAMA Open, 2018

Congenital cataracts Long, Nature Biomed Engr, 2017

Pathology Breast cancer metastases Steiner, Am J Surgical Path, 2018

Radiology Brain CT hemorrhage Lee, Nature Biomed Engr, 2019

Gastroenterology Colonic polyp detection Mori, Annals Int Medicine, 2018

Nasopharyngeal cancer Li, Cancer Communications, 2018

Dermatology Skin cancer detection Dascalu, EBioMedicine, 2019

Skin melanoma Phillips, JAMA Open, 2019

Neurosurgery Intraoperative Brain imaging Hollon, Nature Medicine, 2020

Prospective Trials In A Clinical Environment Assessing Performance of AI Deep Neural Networks



Procedure Detection Design N 
Patients

N 
Sites

Place Citation

Colonoscopy Adenomas Double-blind, 
sham control

1046 1 China Wang P, Lancet Gastro Hep 2020

Colonoscopy Adenomas Unmasked 704 1 China Gong D, Lancet Gastro Hep 2020

Colonoscopy Adenomas Unmasked 659 1 China Su et al, Gastro Endoscopy 2020

Esophagogastro-
duodenscopy

Blind spots Unmasked 324 1 China Wu L, Gut 2019

Colonoscopy Adenomas Unmasked 1058 1 China Wang P, Gut 2019

Slit-lamp
Photography

Childhood 
Cataracts

Unmasked 350 5 China Lin H, E Clinical Medicine 2019

Intraoperative Low BP Unmasked 68 1 Netherlands Wijnberge M, JAMA, 2020

Medical dispatch 
calls

Cardiac 
arrest

Masked 5242 NA Denmark Bloomberg, JAMA Network, 2021

ECG Low EF Unmasked 22,641 45 USA Yao et al, Nature Medicine 2021

Randomized Trials of AI Deep Neural Networks in Medicine







“Machines will not replace physicians,
but physicians using AI will soon
replace those not using it.”

Antonio Di Ieva





20 April 2021



18 May 2021







First FDA Cleared Deep Learning Algorithms for Consumers

2017 2018







11 January 2021



7 Jan 2019

The Virtual Medical Assistant



Privacy 
Accountability
Safety and Security
Transparency and Explainability
Fairness and Non-discrimination
Human Control of Technology
Professional Responsibility
Promotion of Human Values



KLG (Kellgren-Lawrence Grade) explained only 
9% racial disparity in pain
Deep neural net 43% (~5X)

13 January 2021

Algorithms see causes of knee pain in Black patients, 
that human radiologists miss.



“In retrospective test accuracy studies, 94% of AI systems were less accurate than the original 
radiologist, and all were less accurate than original consensus of two radiologists.”

Freeman K et al, August 2021





Systematic review of 62 (out of 2,212) papers:  Not 1 met criteria
—Sufficiently documented manuscript  describing a reproducible method
—A method that follows best practice for developing a ML model
—Sufficient validation to justify wider applicability

“None of the models identified are of potential clinical use due to methodologic 
flaws and/or underlying biases”

AI to diagnosis COVID via Chest X-rays and CT scans

15 March 2021



WGS/PRS Sensors EHR Microbiome Labs/Scans Environmental Customized

Pandemic surveillance + + + + +

Digital clinical trials + + + + + + +

Rapid WGS diagnosis + + + + + + +

Remote monitoring + + + + + +

Digital twin resource + + + + +

Virtual health assistant + + + + + + +

Multi-Dimensional Artificial Intelligence: Medical Applications


























1,326, then >4,000 fetal 
echocardiograms

18-24 weeks

AUC 0.99

95% sensitivity
100% NPV

13 May 2021









MEDICINE,

FAST and SHALLOW



The Gift of Time



The Gift of Time

Keyboard Liberation
Synthesis of the patient’s data 
Primary/screening review of all images
Automated (doctorless) diagnosis of routine,
non-serious conditions

Streamlining of workflow
Patient’s virtual medical coach
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