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standard definition of “unplanned”76 percentage, so we used a modified
form of the Centers for Medicare and Medicaid Services definition,77 which
we detail in the supplement. Billing diagnoses and procedures from the
index hospitalization were not used for the prediction because they are
typically generated after discharge. We included only readmissions to the
same institution.

Long length of stay. We predicted a length of stay at least 7 days, which
was approximately the 75th percentile of hospital stays for most services
across the datasets. The length of stay was defined as the time between
hospital admission and discharge.

Diagnoses. We predicted the entire set of primary and secondary ICD-9
billing diagnoses from a universe of 14,025 codes.

Prediction timing
This was a retrospective study. To predict inpatient mortality, we stepped
forward through each patient’s time course, and made predictions every
12 h starting 24 h before admission until 24 h after admission. Since many
clinical prediction models, such as APACHE,78 are rendered 24 h after
admission, our primary outcome prediction for inpatient mortality was at
that time-point. Unplanned readmission and the set of diagnosis codes
were predicted at admission, 24 h after admission, and at discharge. The
primary endpoints for those predictions were at discharge, when most
readmission prediction scores are computed79 and when all information
necessary to assign billing diagnoses is available. Long length of stay was
predicted at admission and 24 h after admission. For every prediction we
used all information available in the EHR up to the time at which the
prediction was made.

Fig. 4 Data from each health system were mapped to an appropriate FHIR (Fast Healthcare Interoperability Resources) resource and placed in
temporal order. This conversion did not harmonize or standardize the data from each health system other than map them to the appropriate
resource. The deep learning model could use all data available prior to the point when the prediction was made. Therefore, each prediction,
regardless of the task, used the same data
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https://www.apple.com/newsroom/2018/01/apple-announces-
effortless-solution-bringing-health-records-to-iPhone/
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https://azure.microsoft.com/en-us/services/azure-api-for-fhir/ ,https://cloud.google.com/healthcare/, 
https://www.ibm.com/support/knowledgecenter/en/SSSMS8/content/wp4h_gxp_c_fhir_service.html
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[1] https://www.hl7.org/documentcenter/public_temp_015E1140-1C23-BA17-0C1BEF32A59C7903/wg/mobile/Kanta%20PHR%20for%20Developers.pdf
[2] http://www.hl7.org.uk/doc_store/FHIR/NHSDigitalFHIR.pdf
[3] https://developer.nhs.uk/apis/
[4] https://www.digitalhealth.gov.au/implementation-resources/national-infrastructure/my-health-record-fhir-gateway/DH-2721-2018
[5] https://www.medmij.nl/wp-content/uploads/2017/06/Factsheet-MedMij-FHIR.pdf
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