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Beginning with Chest X-ray

Guan, Diagnose like a Radiologist: Attention Guided Convolutional Neural Network for Thorax Disease Classification, 2018

Broad medical knowledge – wide range of abnormalities

Atelectasis Cardiomegaly Effusion Infiltrate Mass Nodule Pneumonia Pneumothorax



Intracranial hemorrhage (ICH)

Basal ganglia 
calcifications

Subarachnoid 
hematoma

Titano, J. J. et al. Nat. Med. 24, 1337–1341 (2018).

Input Variability - Modality, Anatomical Context



Scaling Up to Large Data Sets

Pace Maker Sternal wires Chest tubeThoracic or Chest Wall orthopedic hardware

Artificial features, variations in machines and protocols



Scaling Up by Multi-Modal Analysis

Agarwal, V. et al. Learning statistical models of phenotypes using noisy labeled training data. J. Am. Med. Inform. Assoc. 2016. 
Halpern, Y., et al . Using anchors to estimate clinical state without labeled data. AMIA Annu. Symp. 15 (2014).
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Report text



broken sentence

typo

junk sentence

right-to-left issues

lines

NLP in Healthcare

Reports are semi-structured and Noisy
Not written in proper English/Hebrew (Grammar)
Different vocabulary (Unified Medical Language System) 
Variability, Inconsistency 
Relying on prior information

positive sentence

negative sentence

context sentence



Total studies:              959k             

Negative studies:       596k (62%)   [The rest has at least one verified finding]

Total images:              1.7M

Laserson et al., TextRay: Mining Clinical Reports to Gain a Broad Understanding of Chest X-rays, Miccai 2018 

TextRay - The 1M studies Training Set

# of studies with each 
finding in data. 



TextRay - Results

Laserson et al., TextRay: Mining Clinical Reports to Gain a Broad Understanding of Chest X-rays, Miccai 2018 

Comparison to Radiologists GT



Interpretability

• Verification - Weaknesses
• Legal  aspects
• Obstacle to Clinical Practice

Matters More!!!



Multi-Task  Learning

Bar et al., Improved ICH Classification Using Task-Dependent Learning , ISBI 2019
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Every cell represents the number of tagged studies. 

BleedNet - Results
#Studies %ICH AUC

Test-Enriched 608 67% 0.9493

Test Random 818 16% 0.9566

Bar et al., Improved ICH Classification Using Task-Dependent Learning , ISBI 2019



Triage Flow Pipeline

Non-contrast 
head CTs Processing

STAT response
Enhanced detection

rates

ICH worklist 
triaging

Time is Brain
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Heatmaps



Intracranial 
Hemorrhage Chest XRay Mammography Compression Fractures

Bone Health Cardiovascular Liver Lung



TRANSFORMING HEALTHCARE
COME JOIN US
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