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Learning Objectives

• Understand the concepts of “Big Data” in the 
context of health

• Identify the challenges of interoperability, 
resulting in the “data chasm”

• Describe the core elements of enabling a 
Learning Healthcare System 

• Formulate how health data can be 
transformed into clinically actionable 
knowledge  
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Outline

• Setting the Stage
• Exploring Clinical and Genomic Data
• Thinking about Big Data
• Bridging the Divide
• Addressing Clinical Needs
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The Promised Future…
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Biomedical Informatics

“He is programmed with the 
medical knowledge of 47 of 
Starfleet's finest physicians and 
the collected medical 
information of three thousand 
cultures.”
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Genomic Data Clinical Data
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Transforming Health Care

• Cost of Care
• Sharing 

Knowledge
• Involving Patients
• Personalizing Care
• Coordinating Care
• Improving 

Outcomes
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Managing Expectations
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The Five “Rights” of CDS

• The right information (what)
• To the right person (who)
• In the right intervention format

(how)
• Through the right channel

(where)
• At the right time in workflow 

(when)

5X5 CLINICAL INFORMATICS SHORT COURSE 11
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21st Century Cures

Defines how the healthcare ecosystem:
(1) Enables the secure exchange and use of electronic health 

information without special effort on the part of the user
(2) Allows for complete access, exchange, and use of all 

electronically accessible health information for authorized 
use under applicable State or Federal law; and

(3) Does not constitute information blocking
Defined in Section 4003 of the Cures Act
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Flynn AJ, Friedman CP, Boisvert P, Landis-Lewis Z, Lagoze C. The 
Knowledge Object Reference Ontology (KORO): A formalism to support 
management and sharing of computable biomedical knowledge for 
learning health systems. Learning Health Systems. 2018 Apr;2(2):e10054.
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In the Clinic

Electronic Health Data
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Uses of an EHR

• Primary Uses
– Patient Care 

• Delivery
• Management
• Support

– Billing and 
Reimbursement

• Secondary Uses
– Decision support 

(development)
– Quality
– Research
– Education
– Public Health
– Regulation
– …

Institute of Medicine (U.S.). Committee on Improving the Patient Record., Dick RS, Steen EB, Detmer DE. The 
computer-based patient record : an essential technology for health care. Rev. ed. Washington, D.C.: National 
Academy Press; 1997.
Bloomrosen M, Detmer D. Advancing the framework: use of health data--a report of a working conference of the 
American Medical Informatics 
Association. J Am Med Inform Assoc. 2008 Nov-Dec;15(6):715-22. 
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In 2015 over 4 in 5 of all non-federal acute care hospitals had adopted a Basic EHR with 
clinician notes, whereas, 80 percent of small hospitals with less than 100 beds, rural 
hospitals, and critical access hospitals had adopted a Basic EHR with clinician notes. 
Nearly all non-federal acute care hospitals have possession of an EHR certified by HHS.

http://dashboard.healthit.gov/quickstats/quickstats.php

As of 2014, a majority of office-based physicians have adopted 
electronic health records (EHRs). By the end of 2014, about 8 in 
10 (83%) of office-based physicians had adopted any EHR and 
about half (51%) adopted a 'Basic EHR'. Since 2008, office-
based physician adoption of any EHRs has nearly doubled, 
from 42% to 83%, while adoption of Basic EHRs has nearly 
tripled from 17% to 51%. Between 2013 and 2014, adoption of 
any EHR grew by 6% and Basic EHR adoption grew by 5%.
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The Molecular Promise

Genomics, Proteomics & 
Metabolomics
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EHR-driven Genomics Research

Kohane IS. Using electronic health records to drive discovery in disease genomics. Nat Rev Genet. 
2011 Jun;12(6):417-28. doi: 10.1038/nrg2999. Epub 2011 May 18. Review. PubMed PMID: 21587298

Workflow #1:
Phenotyping, selection 
and sample acquisition

Workflow #2:
Phenotypic
augmentation
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Personalized Medicine
(Typical Interpretation)

Genomic Data Clinical Data
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Big Data, Big Opportunities
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“Big Data”

• High Volume
• High Velocity
• High Variety
• High Veracity
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Addressing the Challenge of “Big”
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Disease Knowledge Discovery

Diagnoses
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Medications

Structured

...
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Problems
Medications

...
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Structured

Clinical
Notes
Clinical
Reports

...

Unstructured
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CDR EDW

Diagnoses

Diagnoses

Problems

Problems

Medications

Medications

...

...

• Cohort Identification
• Data Extraction

Knowledge

Wisdom

• De-Identification
• Data Cleaning
• Data Enrichment

• Data Reduction
• Data Conversion

• Data Mining Task
• Data Mining Algorithm
• Implementation

Patterns 
(Information)

Target 
Data

Preprocessed 
Data

Transformed 
Data

Data
Sources

• Visualization
• Expert Validation

EHR

Registries Biobanks
Payer
Claims Literature

Lab

ADT
Billing

Standards

Data Privacy and Security
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Chen ES, Sarkar IN. Mining the electronic health record for disease knowledge. Methods Mol Biol. 2014;1159:269-
86.
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The Right Data 
at the Right Time

http://ww2.kqed.org/futureofyou/2014/09/29/how-big-data-is-changing-medicine/
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Weber GM, Mandl KD, Kohane IS. Finding the missing link for big biomedical data. JAMA. 2014 Jun 25;311(24):2479-80.
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https://www.mobifilia.com/iot-for-healthcare/

https://www.mobifilia.com/iot-for-healthcare/
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Interoperability
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@insarkarhttps://www.healthit.gov/sites/default/files/hie-interoperability/nationwide-interoperability-roadmap-final-version-1.0.pdf

https://www.healthit.gov/sites/default/files/hie-interoperability/nationwide-interoperability-roadmap-final-version-1.0.pdf
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Standards and Interoperability
“Too many ways to say the same thing”

• Common data elements, terminology, 
structures, and organization

• Seamless exchange and interpretation 
of data across systems and institutions

• Interoperability
– Content and structure 

(syntactic)
– Vocabulary/code set/terminology 

(semantic)

Data Elements

Electronic Health 
Record

Modules, Templates, 
Documents, etc.

Vocabulary/
Code Set/

Terminology

Content/Structure
(Information 

Models)

High Blood 
Pressure High BP

Hypertension HTN

1234512345

12345 12345
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Assessing Data Quality within Health Information Exchanges:  
A Case Study for Supporting Emergency Department Research 

Margaret M Thorsen, BA1, Indra Neil Sarkar, PhD, MLIS1,2, Elizabeth Chen, PhD1,2, 
Elaine Fontaine, BS3, Gregory Walker, PhD3, Megan Ranney, MD, MPH1,4 

 
This study characterizes data quality within a state-based 
Health Information Exchange (HIE) for supporting subsequent 
retrospective, clinical or population health research studies. 
Data fields for patients seeking care at an affiliated Emergency 
Department (ED) in an eight-month period in a state-based HIE 
dataset were compared to expected terminology standards and 
hospital EHR data. Variation in data output highlights potential 
barriers to interpretation of multi-source HIE data and 
underscores the importance of data standardization. 

ABSTRACT 

 
 
 
 
 
 
 
 
Sample size, gender, and primary care access were determined 
(see Table 1 for preliminary results). Disposition, race, and 
ethnicity were the most challenging to map to a standard. 
Preliminary disposition data showed a larger than expected 
discrepancy between HIE and hospital network datasets for 
unclear reasons. In addition, more than 60 variations of race 
were identified in the hospital network data and 40 non-standard 
values were found in the HIE data for race. For instance, HIE 
output for “White” race included “1,” “2106-3,” and “WHITE.” 
Several additional output may represent “White” (e.g., “W” and 
“WH”), but the loss of mapping scheme in aggregate analysis of 
HIE data makes it difficult to verify meaning of these variables.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS 

•  Rhode Island’s opt-in HIE, “CurrentCare,” is owned and 
operated by the Rhode Island Quality Institute (RIQI). Over 
350 practice sites in Rhode Island, including all major hospital 
networks, use CurrentCare (comprised of 442 data sources). 
Fifty percent of statewide ED visits in Rhode Island occur at a 
single hospital network.  

 
•  De-identified data from the hospital network EHR and 

CurrentCare were analyzed in aggregate for all patients who 
had visited an ED in the hospital system between August 1, 
2015 and March 31, 2016 focusing on: age, gender, race/
ethnicity, diagnosis codes, problem list, primary care provider 
(PCP) status, and disposition. 

 
•  The content of the CurrentCare HIE data fields of interest 

were compared to terminology standards (e.g., those defined 
for the HL7 Continuity of Care Document [CCD]). 

 
•  This study was deemed exempt by the IRB. 

METHODS 

Health information exchanges (HIEs) support the potential for 
improving healthcare quality, reducing unnecessary treatments, 
and promoting provider communication. Most HIE research to 
date has focused on issues of usability, implementation, and 
clinical decision making.1 The utility of HIE data for clinical 
research and population health analyses has yet to be fully 
explored.2 For instance, HIE data from state-based exchanges 
could serve as a source of  robust, multi-source data to inform 
public health surveillance and interventions. However, little is 
known about the quality of HIE data for enabling their use for 
research purposes. Emergency Department (ED) data are well-
suited for exploring HIE-based clinical research, as the ED is 
accessible to patients irrespective of health insurance status, 
referral, or ability to pay. Furthermore, EDs have started to 
engage with HIEs3 for conducting clinical or population health 
research. This case study sought to characterize the quality of 
and potential for conducting population health research using 
HIE data of patients who sought care at affiliated EDs in Rhode 
Island in an eight-month period. 

INTRODUCTION 

1.  Pacific Northwest Evidence-based Practice Center. Evidence Report/
Technology Assessment: Health Information Exchange. Portland, OR; 2015. 

2.  Parker C, Weiner M, Reeves M. Health Information Exchanges – Unfulfilled 
Promise as a Data Source for Clinical Research. Int J Med Inform. 
2016;87:1-9. 

3.  Johnson K, Unertl K, Chen Q, Lorenzi N, Nian H, Bailey J, Frisse M. Health 
information exchange usage in emergency departments and clinics: the 
who, what, and why. J Am Med Inform Assoc. 2011;18(5): 690–697. 

References 

•  The HIE has a policy to maintain data as it is consumed from 
its data-sharing partners. This study revealed data 
standardization challenges, which are an artifact of multi-
source HIEs and may pose barriers to the prospective use of 
HIE data for research.  

 
•  Collaboration between clinicians, hospitals, EHR vendors, 

clinical informaticians, and HIE curators is essential for the 
future success of HIEs for use as a population-based clinical 
and research tool. 

 
•  Next steps include quantifying data discrepancies (including 

accuracy and completeness), developing systematic methods 
for mapping heterogeneous values for similar concepts to a 
recognized standard, and exploring strategies for overcoming 
barriers to enable HIE-based research. 

CONCLUSION AND FUTURE PLANS 

This work was funded in part by the Summer Research Assistantship in 
Emergency Medicine Program at Brown University and National Institutes of 
Health grant K23MH095866. The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the National 
Institutes of Health. The authors thank Mete Tunca and Dennis Ferrante for their 
assistance with local data extraction and data transfer. 
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OBJECTIVES 
•  To conduct a preliminary characterization of data quality within 

a single, statewide HIE 
 
•  To provide an early perspective on challenges in using HIE 

data for supporting subsequent retrospective research studies 
 
•  To compare the quality of HIE data to institutional EHR data 

both in terms of representativeness and of meeting HIE 
standard requirements 

Secure repository 
containing clinical (claims 
& social determinants) data 
across geographic, 
propriety and payer 
boundaries 
 

Figure 1. RI’s model for HIE, “CurrentCare,” led and operated by RIQI (source: RIQI) 
 

Table 1. Preliminary Results: A demographic comparison of hospital network data vs. HIE data 
regarding patients seeking care at four affiliated EDs over an eight-month period  

HIE Hospital Network 

Sample Size: n 28117 130847 

Female: n (%) 16751 (59.58%) 68356 (52.24%) 

Patients who have a PCP: n (%) 28047 (99.75%) 92246 (70.50%) 

Discharged from ED: n (%) 27079 (96.31%) 88743 (67.82%) 

1The Warren Alpert Medical School of Brown University, Providence RI, 2Center for Biomedical Informatics, Brown University, Providence RI,  
3Rhode Island Quality Institute, Providence RI, 4Emergency Digital Health Innovation Program, Department of Emergency Medicine, Brown University!
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From Unstructured to Structured Data

Kohane IS. Using electronic health records to drive discovery in disease genomics. Nat Rev Genet. 2011 Jun;12(6):417-28. 
doi: 10.1038/nrg2999. Epub 2011 May 18. Review. PubMed PMID: 21587298
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Supporting Clinical Needs
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HIE - CurrentCare
• Rhode Island’s state-wide Health Information Exchange (HIE)
• Operated by the Rhode Island Quality Institute (RIQI)
• A secure repository - protected under HIPAA and the RI Health 

Information Exchange Act of 2008
• Available to HIPAA-covered organizations; no cost to providers or 

patients
• Patients must enroll (“Opt-in”)
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HIE - CurrentCare

Health 
Information 

Exchange

Care team can see patient 
data using 

CurrentCare Viewer

Patients can view and 
download their record 

using CurrentCare for Me
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• RI is an “Opt-In” state
• More than 550,000 Rhode 

Islanders have enrolled

Patients Decide to Enroll…
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Electronic Health Data Sources

• Over 520 data sources from: 
• Hospital Admissions, Discharges, and 

Transfers (ADTs)
• Labs
• Imaging facilities
• Pharmacies
• Pharmacy benefit managers
• Providers’ EHRs
• Urgent Care Facilities
• Skilled Nursing Facilities

– www.currentcareri.org/guidebook

http://www.currentcareri.org/guidebook
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Privacy and Security

• Controlled Access
• RI Health Information Exchange Act of 2008 
• A Data Use Agreement must be executed and in place
• Training is required before each person is granted access
• Access levels assigned based on role at the practice

• Audit Processes
• Checks for user looking up own record, family member, or 

co-worker
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O
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CC D

COVID-19 Results in 
Dashboards

All Reported Results

CurrentCare Enrollees Only

No Data Currently

CurrentCare Enrollees with a RI 
PCP or RI Residency
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Identifying Possible COVID-19 
Encounters
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COVID-19 Lab Test Results for Patient 
Panels
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Testing Volume Visualization for 
Patient Panels

Screenshots contained in this document do not contain Protected Health Information (PHI).  
All data presented here has been randomly generated from databases of fictitious data.
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In Conclusion…
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Personalized Medicine
(Modified Interpretation)

Personal Data Clinical Interpretation
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Thank You!
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