
An interpretable deep learning model for time-series electronic health
records: Case study of delirium prediction in critical care

Seyedmostafa Sheikhalishahi, Anirban Bhattacharyya, Leo Anthony Celi, Venet Osmani

University of Trento, Italy

Critical Care Services, Mayo Clinic, Jacksonville, FL, USA

Institute for Medical Engineering and Science, Massachusetts Institute of Technology, Cambridge, MA, USA

Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA, USA

Information School, University of Sheffield, UK

Journal of Artificial Intelligence In Medicine 2023

1



Author

2



Introduction

• Conventional machine learning models have been used in the intensive care unit 
(ICU), which are interpretable but cannot capture non-linear relationship in data. 

• It is because the data in ICU is recorded in a time-series and conventional ML 
models do not have an intrinsic ability to deal with time-series inputs. 
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Proposed Method
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• Each patient can be viewed as a sequence of 
medical records (vital signs, laboratory 
measurements, and demographics) ordered 
by time, and each record contains a set of 
clinical variables including numerical and      
categorical variables.

• Categorical variables are represented using 
entity embedding.



Proposed Method

• 𝑁𝑢𝑚𝑒𝑟𝑖𝑐𝑎𝑙𝑡 stands for the numerical variable, 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑐𝑎𝑙𝑡 stands for the 
categorical variable at time 𝑡, and 𝑈 is the embedding matrix.
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Proposed Method

6

In the explanation module, the input 𝑥𝑡 is fed 
into two different self attention layers



Experiment Results
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Conclusion

• This study demonstrated that DSA, can learn importance of variables for 
predicting delirium where the individual variables underlying these predictions 
can be explored using attention mechanisms.

8


