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Overview
● What is EHR
● Deep EHR Learning Applications
● Open Dataset

Deep EHR: A survey of Recent Advances on Deep Learning Techniques for Electronic Health Record(EHR) Analysis, B. Shickel et al.



Electronic Health Records
● Patient Registry
● Disease Registry
● Drug Registry

● Electronic Health Record

○ A collection of health data from all clinicians 

involved in a patient’s care

○ more patient-centric, powerful and useful for 

diagnosis and treatment
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EHR data types
● Demographics
● Encounters
● Diagnosis
● Procedures
● Physical exams
● Sensor measurements
● Laboratory test results
● Prescribed or administered medications
● Clinical notes



EHR data types
● Numerical quantities

○ body mass index, height, blood pressure
● Datetime

○ data of birth, time of admission
● Categorical value

○ ethnicity, codes from controlled 
vocabularies

● Natural language free-text
○ progress notes, discharge summaries

● Derived time series
○ vital sign signals during the course of the 

operation



Example Classification Schema
● Demographics
● Encounters
● Diagnosis*
● Procedures*
● Physical exams
● Sensor measurements
● Laboratory test results*
● Prescribed or administered medications*
● Clinical notes



Machine Learning
hand-crafted features 

Deep Learning
automatic data-oriented feature extraction

vs.



* Big Data and Machine Learning in Health Care, A. L. Beam et al



Deep EHR Learning Applications
● Representation Learning

○ Concept Representation
○ Patient Representation
○ Input data: Medical codes

● Outcome Prediction
○ Static Prediction
○ Temporal Prediction
○ Input data: Medical codes + Clinical notes





EHR Representation Learning
● Discrete medical codes

○ For administrative and billing tasks
○ Static hierarchical relationships
○ Hard to measure similarity between 

concepts of different types and coding 
schemes



EHR Representation Learning
● Project discrete codes into vector space



Neighboring visits

EHR Representation Learning
: Concept Representation
● Med2Vec

http://www.kdd.org/kdd2016/papers/files/rpp0303-choiA.pdf

Final visit representation

Intermediate visit representation
demographic information

Medical codes (one-hot-encoded)



● Med2Vec examples
○ (R):medication, (P): procedure

http://www.kdd.org/kdd2016/papers/files/rpp0303-choiA.pdf

EHR Representation Learning
: Concept Representation



EHR Representation Learning
: Concept Representation

https://arxiv.org/pdf/1602.03686.pdf

● Skip-gram training examples



EHR Representation Learning
: Concept Representation

https://arxiv.org/pdf/1602.03686.pdf

● Evaluation of Medical Concept Representation Learning



EHR Representation Learning
: Patient Representation

https://arxiv.org/pdf/1602.03686.pdf



Outcome Prediction
● Static(One-time) Outcome prediction

○ Heart failure prediction using data from a single encounter

● Temporal outcome prediction
○ Heart failure prediction within the next 6 months
○ Disease onset prediction using historical data from sequential encounters



https://ai.googleblog.com/2018/05/deep-learning-for-electronic-health.html



https://ai.googleblog.com/2018/05/deep-learning-for-electronic-health.html



Outcome Prediction

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5391725/



Interpretability matters

https://medium.com/ansaro-blog/interpreting-machine-learning-models-1234d735d6c9



Interpretability
● Maximum activation
● Constrains
● Qualitative Clustering



Maximum Activation for Congestive Heart Failure

https://www.mathworks.com/help/nnet/examples/visualize-activations-of-a-convolutional-neural-network.html
https://astro.temple.edu/~tua87106/sdm16.pdf



Qualitative Clustering
t-SNE, heatmap, etc.

https://arxiv.org/pdf/1602.03686.pdf



MIMIC 3.0 dataset
https://github.com/MIT-LCP/mimic-code 

https://github.com/MIT-LCP/mimic-code


https://github.com/hurcy/awesome-ehr-deeplearning 

https://github.com/hurcy/awesome-ehr-deeplearning


Thanks!


