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Outline
• EHR Adoption (30 mins)
• MIMIC Deep Dive (20 mins)
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Learning Objective: Understand how EHR data came to be and potential issues

How can we make Data 
146 better for you?



Why did hospitals adopt the 
electronic health record?
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HITECH Act of 2009
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HITECH Act
• Health Information Technology 

for Economic and Clinical Health 
(HITECH) ACT of 2009

• Of $840 billion stimulus package 
in 2009, $30 billion was allotted 
for hospitals and medical 
providers for “meaningful use” 
of certified EHR systems
• Payments linked to improvements 

in quality, safety, and efficiency
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How would you allocate $30 billion?
(Partner discussion)
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Health IT Policy Committee
• Created under the HITECH Act as an advisory committee
• Recommend policies and defined “meaningful use” of EHRs
• Included federal appointees, representatives from healthcare, 

technology, academia, and patient advocates
• Included Judy Faulkner, CEO of Epic
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What is “meaningful use”?
• Data capture and sharing
• Hospital had to demonstrate basic capabilities about data entry 

and clinical quality measures
• Record demographics, problem lists, medications, lab results, 

electronic prescribing
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What is missing here?
(Partner discussion)
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Problems with original recommendations
• Limited data exchange: No need to share data or facilitate exchange with 

patients or other hospitals

• Vendor lock-in: Each EHR vendor has its own data format. No cross-
vendor interoperability means vendors are incentivized to silo in hospitals 
and have high switching costs

• Improved clinical outcomes: More documentation could slow down 
clinical workflows. How do you incentivize structures that actually improve 
clinical care?

• Patient rights: Hospitals control all of the data and nothing is written with 
the patient in mind.
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“In reality, diverse functionality needn't reside 
within single EHR systems, and there's a 
clear path toward better, safer, cheaper, and 
nimbler tools for managing health care's 
complex tasks.” 14



21st Century Cures Act
• Merged and replaced previous committees with one that 

focuses on interoperability, privacy, and patient 
empowerment
• Explicitly prohibited “information blocking”, meaning EHR 

vendors or health systems that prevent data sharing
• Required development for standardized APIs (like FHIR) to 

allow patients and third party apps to securely access and 
exchanged health data
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In 2015, lots of open EHR datasets
• MIMIC-IV: 65k patients intensive care unit (ICU) and emergency 

department (ED) data from Beth Israel Deaconess Medical 
Center in Boston
• All of Us research program: 200k patients including EHR, 

genomics, wearables, and patient surveys in standardized 
(OMOP) format from NIH
• EHRSHOT: 6k patients and 900k visits from Stanford 
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What is MIMIC?

oLargest open dataset for clinical healthcare 
(for authorized researchers)
oDataset of 26 tables (e.g. admissions, 

patients)
oMaintained by Roger Mark’s lab at MIT
oPotential place for final project ideas!



Recurrent Neural 
Networks for 
Multivariate Time 
Series with 
Missing Values

Che et al, 2018 
(Nature Scientific 
Reports)



De-identification of 
patient notes with 
recurrent neural 
network

Dernoncourt et al, 2017 
(JAMIA)



Unfolding 
Physiological State: 
Mortality Modeling in 
Intensive Care Units

Ghassemi et al, 2014 (KDD)



Racial Disparities 
and Mistrust in End-
of-Life Care

Boag et al, 2018 (MLHC)



Reproducibility in 
critical care: a 
mortality 
prediction case 
study

Johnson et al, 2017 (MLHC)
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“we demonstrate numerous examples where a 
non-clinician’s intuition may lead to incorrect – and 
potentially harmful – modeling assumptions”



Problems with MIMIC
1. Inconsistent timestamps
2. Lab values vary by time of day
3. Multiple copies of provider notes
4. Missing death date collection

24



Inconsistent time stamps
• We want time stamps that show:
• hospital admission time (admittime) ≤ 
• patient enters ICU (intime) ≤ 
• patient leaves ICU (outtime) ≤ 
• patient discharged from hospital (dischtime)

• BUT, of 57k ICU stays, this ordering only holds 79% of the time
• Because hospital and ICU staff have their own paperwork, things can 

get filed out of sync
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Lab values vary by time of day
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Multiple copies of provider notes
• NLP techniques use clinical notes to predict clinical outcomes
• MIMIC contains all note drafts that EHR autosaves
• Disconnect between the chart time (completed) and the store time 

(partially written)

27



Missing death date collection

28

• Higher rate of 
mortality for white 
patients than black 
patients??
• Because 2013 

legislative change 
forbid SSN collection 
from state records, 
this led to 40% 
change in capture of 
death information



More reading
• Caldwell, “We’ve Spent 

Billions to Fix Our 
Medical Records and 
They’re Still a Mess”, 
November 2015

• Boag et al, “EHR Safari: 
Data is Contextual”, 
MLHC 2022.
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https://www.motherjones.com/politics/2015/10/epic-systems-judith-faulkner-hitech-ehr-interoperability/
https://www.motherjones.com/politics/2015/10/epic-systems-judith-faulkner-hitech-ehr-interoperability/
https://www.motherjones.com/politics/2015/10/epic-systems-judith-faulkner-hitech-ehr-interoperability/
https://www.motherjones.com/politics/2015/10/epic-systems-judith-faulkner-hitech-ehr-interoperability/
https://proceedings.mlr.press/v182/boag22a.html
https://proceedings.mlr.press/v182/boag22a.html


Summary
ü Creation of the modern EHR (30 mins)
ü Deep dive into MIMIC (20 mins)
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Next Class: Other health datasets and where to find them

How can we make Data 
146 better for you?


