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• Logistics of Working with EHR Data

• Challenges Inherent in EHR Data

• Methodological Considerations

• Building EHR Research Team

Today’s Presentation



Digital record of care delivery generated during clinical encounters

What Are EHR Data?

Demographics
Encounter 
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Diagnoses & 
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Clinical 
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Why EHR Data Matter

Nearly every patient 
encounter generates digital 

data

Huge scale, real-world 
context, inexpensive and 

quick to obtain

Enables questions 
impractical or unethical for 

trials



Case Study: Tocilizumab in COVID-19

Mortality OR 0.68 (0.46-0.99)



Case Study: Tocilizumab in COVID-19

Mortality OR: 0.65 (0.43-0.99)



Case Study: Tocilizumab in COVID-19

Mortality OR: 0.76 (0.66-0.88)



Working with EHR Data



How Are EHR Data Stored?
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• Stored in relational tables (patients, visits, meds, labs, notes…)

• Requires joins, cleaning, reshaping

▻ SQL and data wrangling skills

• Different vendors & data models

▻ Epic alone has 3 data models! 

EHR Data Structure

M. Vucetic, A. Uzelac and N. Gligoric, "E-Health Transformation Model in Serbia: Design, Architecture and Developing," 2011 International 

Conference on Cyber-Enabled Distributed Computing and Knowledge Discovery, Beijing, China, 2011, pp. 566-573, doi: 10.1109/CyberC.2011.96.



Epic Clarity Data Dictionary

Over 18,000 tables!

https://open.epic.com/EHITables/GetTable/_index.htm



• OMOP, PCORnet standardize structure & vocabularies for research

• Enable multicenter studies, repositories, shared tools

Common Data Models



• EHR data contain protected health information (PHI)

• Use governed by IRB, HIPAA, and institutional data use policies

• Often accessed through secure enclaves or virtual data centers

▻ Access restricted to IRB-approved subset of data

▻ Structured Query Language (SQL) or specialized user interface tools 

(ATLAS, SlicerDicer, etc)

• Data rarely exported; analyses happen inside the firewall/enclave

How Are EHR Data Accessed?



• What is currently happening?

• Example: what proportion of patients with heart failure with 
reduced ejection fraction get readmitted within 30 days?

Description

• What will likely happen?

• Which patients will likely have adverse outcomes after a 
procedure?

Prediction

• What would happen under different courses of action?

• How would outcomes differ if we used terlipressin versus 
current standard of care as first-line treatment for HRS? 

Causal 
Inference

EHR Data Analyses

Adopted from Hernan et al,” A Second Chance to Get Causal Inference Right: A Classification of Data Science Tasks”



• Unlike in prospective studies (including clinical trials), EHR data does 
not have pre-defined cohorts or study-specific variables

• Phenotyping = process of turning available data into study-specific 
features 

▻ This is a key step for working with EHR data

• Using data as a surrogate of true disease or health event

▻ Example: COPD exacerbation

• Can be done using code (SQL) or specialized tools (ATLAS, TriNetX)

Phenotyping



• Descriptive and feasibility analyses can often be conducted using 
simple queries 

▻ E.g. how many COPD admissions do we get per year?

• Most clinical research questions are person-centric

▻ E.g. in patients admitted with COPD not on triple therapy, how would 

outcomes differ if we initiated triple therapy in the hospital versus leaving 

it to the outpatient provider?

• Clinical questions require cohort framework and complex queries

▻ Foundation for causal inference and real-world evidence generation

Cohort Building



Exit criteria – what triggers the patient to exit 
cohort?

Inclusion criteria – patients who meet them at 
entry event enter your cohort

Cohort entry event – what triggers the patient 
to be evaluated for your cohort?

Cohort Definition Framework



• Study question: in patients admitted with COPD not on triple therapy, 
how would outcomes differ if we initiated triple therapy in the hospital 
versus leaving it to the outpatient provider 

• Phenotyping tasks:

▻ Eligible patients

⎻ Admitted with COPD exacerbation

⎻ Not on triple therapy at the time of admission

▻ Prescribed triple therapy at discharge

• Phenotypes combined into complex study cohort

Project Example: COPD



Project Examples: COPD



LAMA Concept Sets



SQL Code

445 lines



• Epic EHR + specialized data warehouse mapped to OMOP common 
data model

• Accessible via ATLAS for cohort building and analytics + Epic tools for 
basic reporting (SlicerDicer)

▻ SQL access only for informatics analysis or deidentified data

• Extraction possible to a Montefiore-managed device for local analysis

▻ Built-in IRB check to ensure extraction approved

• Larger extractions and ECG/DICOM require work on HPC

▻ Has SQL/R/python available

Case Study: Local EHR 
Data Access at Montefiore Einstein



• 208 institutions across U.S. contribute data

• Access via participating institution (institutional data use agreements)

• SlicerDicer-like interface for basic summary-level queries

• For patient level data, must undergo Epic certification as Data 
Scientist or Data Architect

• Project review and approval by Epic + local governance

• Data access fees

• Remote repository and virtual analytic workspace (SQL, R, python)

▻ All data and code stay on remote workspace and are audited

Case Study: Epic Cosmos



Data-Specific Challenges



EHR: Not Designed for Research

Built for care delivery, billing, regulatory compliance

Documentation priorities do not align with research 
priorities

Results: incomplete, inconsistent, biased



• Data present when patients seek care at the institution

• Health status influences follow-up & testing

▻ Unlike in trials where regular follow up is built-in

• Coding practices largely driven by reimbursement incentives 

• Insurance, access, and location drive representativeness

Data Completeness & Bias



• Not all data structured (notes, images, PDFs)

• Structured fields inconsistently filled

• Standard codes (LOINC, RxNorm) incomplete + local quirks

• Solutions:

▻ Mapping concepts to standardized vocabularies

▻ Extraction of structured concepts from unstructured data

Data Quality & Structure



• Used to indicate delirium

• Theoretically two options: delirium present/absent

• Actual values

Example: CAM-ICU



• Labs/vitals not done on fixed schedule

• Healthy patients less likely to return → nonrandom missing data 

▻ Can bias finding if inappropriately handled

Irregular/Nonrandom Measurement



What are some potential solutions?

Challenges

Some never return at 6 months Some will only return at month 1 or 6 Some will only return at months 2, 3, and 5

You’re interested in checking their potassium lowering trends over next 6 months

You’re comparing two cohorts – those prescribed SPS versus patiromer (two potassium binding agents)

Irregular Measurements: Example



• Labs/vitals not done on fixed schedule

• Healthy patients less likely to return → nonrandom missing data

▻ Can bias finding if inappropriately handled 

• Possible solution: require evidence of regular care pre-baseline

Irregular/Nonrandom Measurement



• Imaging, ECG waveforms, pathology slides

• Require specialized methods (NLP, AI/ML)

• Integration with structured data is difficult

• Potential solutions:

▻ Signals/images into structured features (e.g. QT interval, digital 

pathology quantified features)

▻ Natural language processing to extract distinct findings

Nonstandard & Complex Data 
Types



• FLT-ITD mutated AML with monocytic differentiation

Natural Language Processing



Methodological 
Challenges



• Real-world treatment selection is not random

• Indication, severity, provider preference drive choice

• Need to measure & adjust for these factors

Confounding & Treatment Selection



Treatment Selection
IL-6 Inhibitors for COVID-19



• No natural randomization/enrollment date

• Must define cohort entry & follow-up start carefully

• Mis-specification of time zero leads to bias

Defining Time Zero



Time Zero Bias in Practice



• Detailed encounter data but fragmented over time

• Patients move between systems (especially in NYC)

• Leads to misclassification and missing data bias

• Possible solutions: repositories + linkage

▻ Claims, registries, mortality → fill longitudinal gaps

• Analytic solution: restrict cohort to those “engaged with health 
system” 

▻ Based on regular previous visits

Loss of Longitudinally 



• EHR data is not research ready, needs cleaning & careful design

• Bias, missingness, and access hurdles are real

• Multidisciplinary expertise is essential (esp. BERD and Informatics)

• When done well: faster, cheaper, ethically feasible studies

Key Takeaways 



Building Your EHR Research Team

Clinical Expertise

Frame meaningful 
questions, interpret 

clinical context, 
validate findings

Informatics and Data 
Science

Extract, transform, 
and manage complex 

EHR data with 
institutional and 

regulatory compliance

Epidemiology and 
Biostatistics

Design studies, 
address bias, and 

analyze results 
appropriately



Electronic Health Record (EHR) Data 
in Clinical Research
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