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Abstract

Comparative Effectiveness Research (CER) has the potential to transform the current healthcare
delivery system by identifying the most effective medical and surgical treatments, diagnostic tests,
disease prevention methods and ways to deliver care for specific clinical conditions. To be
successful, such research requires the identification, capture, aggregation, integration, and analysis
of disparate data sources held by different institutions with diverse representations of the relevant
clinical events. In an effort to address these diverse demands, there have been multiple new
designs and implementations of informatics platforms that provide access to electronic clinical
data and the governance infrastructure required for inter-institutional CER. The goal of this
manuscript is to help investigators understand why these informatics platforms are required and to
compare and contrast six, large-scale, recently funded, CER-focused informatics platform
development efforts. We utilized an 8-dimension, socio-technical model of health information
technology use to help guide our work. We identified six generic steps that are necessary in any
distributed, multi-institutional CER project: data identification, extraction, modeling, aggregation,
analysis, and dissemination. We expect that over the next several years these projects will provide
answers to many important, and heretofore unanswerable, clinical research questions.
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Introduction

The American Recovery and Reinvestment Act of 2009 provided $1.1 billion for
Comparative Effectiveness Research (CER)™. The goal of CER isto generate new evidence
on the potential effectiveness, benefits, and harms of different treatments, diagnostics,
preventions, and care models under “real world” conditions. Widespread adoption of CER
has potential to radically change healthcare. CER also places enormous demands on existing
informatics research infrastructure?, asit requires aggregation and analysis of disparate data
held by different institutions, each with its own representation of relevant events and
accountabilities for protecting data as a matter of patient confidentiality and business
operations.

Currently, most data manipulations are performed using non-coordinated applications (e.g.,
data collection forms, electronic health records [EHRS], research databases, condition-
specific registries, and statistical analyses) with digjointed institutional control. In an effort
to address these demands, there have been new designs and implementations of informatics
platforms that provide access to electronic clinical data and the governance required for
inter-institutional comparative effectiveness research3456, Briefly, a“platform” is a suite of
interconnected, coordinated applications, together with the operational environment that
hosts those applications.

The goal of this manuscript isto compare and contrast six large-scale, projects that are either
developing or extending existing informatics platforms for CER. Rather than compare the
informatics platforms at an abstract level, we focus on specific CER projects that provide
implementations of informatics platforms and highlight design regquirements and solutions.

The following sections provide an overview of the projects surveyed.

Washington Heights/Inwood Informatics Infrastructure for Comparative Effectiveness
Research (WICER)

WICER is creating infrastructure to facilitate patient-centered outcomes research in
Washington Heights, NY. The project facilitates comprehensive understanding of
populations by leveraging data from existing EHRs, and combining data from institutions
representing various healthcare processes. For example, it includes data from hospitals,
clinics, specialists, homecare agencies and long-term care facilities. It aso includes survey
data from community residents with assessments on socioeconomic status, vital statistics,
support networks, health and illness perceptions, quality of life, and health literacy. Data
from multiple sources are merged in a data warehouse, where deeper anaysisis performed
by clinical and public health researchers. WICER investigators are using the infrastructure
and methods on three clinical trials in hypertension care around diagnosis, adherence to
therapy, and care management.

Scalable PArtnering Network for Comparative Effectiveness Research: Across Lifespan,
Conditions, and Settings (SPAN)

The HMO Research Network (HMORN) is a consortium of 19 Health Plans with formal,
research capabilities’. SPAN, a project within the HMORN, usesits Virtual Data Warehouse
(VDW) to provide a standardized, federated data system across 11 partners, to address CER
in ADHD and obesity8. The VDW consists of commonly-defined linked tables within each
health plan that capture medical care utilization, clinical data, health plan enrollment
information, demographics, detailed inpatient and outpatient encounter information,
outpatient pharmacy dispensing data, |aboratory test results and vital signs®. The VDW is
augmented with State and local cancer registry information on date and cause of death for
health plan members. Each plan maintains control of individual VDW data files and does
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not have accessto files held by other HMORN sites. All HMORN participants must be
capable of running - without modification - SAS programs distributed by other sitesto
execute against their local VDW. SPAN is pioneering use of anew platform —
PopMedNet™ — that facilitates creation, operation, and governance of multi-site, distributed
health data networks!0.

Enhancing Clinical Effectiveness Research with Natural Language Processing of EHR Data

— CER-HUB

The CER-HUB is an Internet-based platform for conducting CER. A central function of
CER-HUB isfacilitating (through online, interactive tools) development of a shared, data
processor library that can be downloaded by registered researchers to provide uniform,
standardized coding of both free-text and structured clinical data. This shared library permits
researchers to assess data on clinical effectiveness in multiple healthcare areas and gain
access to information locked in freetext notes. Using CER-HUB, researchers collaboratively
build software applications (MediClass applications!?) that will process EHR datawithin
their respective healthcare organizations, creating standardized datasets that can be pooled to
address specific CER protocols. Participating researchers contribute |RB-approved, limited
data sets to a centralized coordinating center to be pooled with data similarly processed from
other healthcare organizations to answer CER questions. The CER-HUB is being used to
conduct 2 CER studies addressing effectiveness of medication for controlling asthma and of
smoking cessation counseling services, across 6 geographically-distributed and
demographically-diverse health systems. Researchers and data providers for these initial
studies come from 3 Kaiser health plans (Northwest, Hawaii, and Georgia regions), one
consortium of Federally Qualified Health Centers located primarily along the west coast
(OCHIN, Inc), one Veterans Administration service region (Puget Sound VA in
Washington), and an integrated network of hospitals and physicians in the greater Dallas/
Fort Worth area (Baylor Health Care System).

The Partners Research Patient Data Registry (RPDR)

The RPDR is an enterprise data warehouse combined with a multi-faceted user interface that
enables clinical research and CER across Partners Healthcare in Boston, MA. The RPDR is
used to recruit patients for clinical trials, and to perform active surveillance. It amasses data
from billing, decision support, and EHRs in the Partners system. Data are available to
researchers through a drag-and-drop web Query Tool12 allowing users to construct
exploratory, ad hoc, queries for hypothesis generation from structured data, and to get
aggregate totals and graphs of age, race, gender and vitals. A utility exists for finding
matched controls for patients. Requests can be made for detailed data on patients identified
through the query tool with proper IRB authorization through an automated wizard. The
RPDR has proven useful for gathering clinical trial cohorts, and for CER. This strategy was
later adopted as the core of “Informatics for Integrating Biology and the Bedside” (i2b2)13.
The RPDR wasfirst released in December, 1999 and has been in production at multiple sites
since March, 2002.

The Indiana Network for Patient Care (INPC) Comparative Effectiveness Research Trial of
Alzheimer's Disease Drugs (COMET-AD)

INPC was begun in 1994 as an experiment in community-wide health information exchange
serving five major hospitalsin Indianapolis, IN. Today, it includes data from hospitals and
payers statewidel*1516, Entities participating in INPC submit patient registration records,
laboratory test results, diagnoses, procedure codes, and other data for various types of
healthcare encounters. Data are also obtained from health departments and a pharmacy
benefit manager consortium. Data are standardized (e.g., |aboratory test results are mapped
to LOINCY” with common units of measure) to the extent possible, prior to storagein a
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central repository. Data for a patient with visits to multiple INPC institutions can be linked
using a patient matching algorithm. The COMET-AD project is using data from INPC to
monitor healthcare processes and outcomes and to build systems to monitor patients for
adverse drug events. The project also involves building infrastructure and workflows to
support integration of biospecimen results with clinical data from the INPC.

The Surgical Care Outcomes Assessment Program Comparative Effectiveness Research
Translation Network (SCOAP-CERTN)

The goal isto assess how well an existing statewide quality assurance and quality
improvement registry (i.e., the Surgical Care Outcomes Assessment Program) can be
leveraged to perform CER. The SCOAP-CERTN leverages relationships built
collaboratively in SCOAP to improve surgical care and outcomes and aims to build
infrastructure for streamlined, electronic data abstraction from EHRS, patient reported
outcomes, and healthcare payments across hospitals. Through a partnership with Microsoft
Health Solutions Group (Redmond, WA), SCOAP-CERTN isidentifying ways to maximize
automatic capture of datafrom EHRS, to:

« Allow longitudinal clinical data capture across healthcare encounter types (i.e.,
surgical, interventional);

e Reduce clinical workflow and staffing burdens for maintenance of the SCOAP
registry at participating hospitals;

»  Provide capacity and interoperability to incorporate outpatient care delivery into
SCOAP.

In addition, SCOAP developers plan to add functions to capture patient reported outcomes
for research and quality improvement evaluation. The primary informatics goal is to assess
how, and to what degree, the collection of SCOAP-CERTN measures can be automated
across sites.

Conceptual model for CER platform evaluation

Designing, developing, implementing, and using health information technology (HIT)
within healthcare delivery systemsis a complex, socio-technical challenge. To provide a
theoretical basis for our comparison of six CER informatics platforms we adapted an 8-
dimension, socio-technical model of safe and effective HIT use!®. Thismodel prescribes
attention to: (1) appropriate hardware/software, (2) a spectrum of clinical content ranging
from case narrative, to standard vocabularies, to algorithms representing best practices, (3)
human-computer interfaces enabling productive interactions with technology, (4)
personnel who develop systems and how systems meet the needs of usersin their social
contexts, (5) workflow and communications (both between people and technology
components) required to accomplish tasks using the technology, (6) organizational policies,
procedures, culture, and environment that prescribe and govern how and where things
happen and who is responsible, (7) external rules, regulations, and pressures which shape
these organizational constraints, and (8) system measurement and monitoring which
ensures adequate performance for primary intended use cases, i.e., the conduct of CER.

These eight constructs!8 are used to investigate and eval uate aspects of CER platform design
and implementation by ensuring that both the social as well as the technical aspects are
considered. Failure to consider who will use the applications, how they will use them, and
why they are necessary often leads to sub-optimal technology design and utilization.
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Data sources

We developed awritten survey and sent it to informatics experts representing six large CER
projects focusing on the design, development, and use of multi-institutional informatics
platforms. Projects were selected by convenience, yet they are representative of vastly
different approaches researchers have taken to address numerous CER challenges.

Survey instrument

We (DFS, BLH) developed a 2-page, open-ended survey that highlighted project-specific
similarities and differences. We created 2 — 8 questions within each of the 8 dimensionsto
ensure that all important aspects were captured!®. For example, within Wor kflow/
communication we asked, “How do data get into your warehouse?’ and “What stages do
the data go through?’ Similarly, within the Har dwar e/Softwar e dimension we asked,
“What computing infrastructure is required to run your system?”

Data collection and analysis

Results

Completed surveys were returned by e-mail and checked for completeness. DFS and BLH
read through the 6-10 page responses from each of the co-authors looking for key concepts
highlighting project similarities and differences. After review and discussion, it became
clear that the following 4 dimensions of the 8-dimension model were the key differentiators:
content or data (Table 2); workflow/communication regarding how data moved from sources
to analysis (Table 3); people (investigators, data programmers, research analysts, managers)
involved in the projects (Table 4); and organizational policies, procedures, and culture
(Table 5). We extracted dataitems to fill-in the tables from surveys. In addition to survey
items, two authors (DFS, BLH) gathered information regarding project descriptions and
funding from websites and journal articles (Table 1). Drafts of completed tables were sent to
co-authors for review.

All projects implement six generic data processing steps necessary for distributed, multi-
institutional CER projects:

» ldentification of applicable data within health care transaction systems,

» Extraction to alocal data warehouse for staging,

» Modeling data to enable common representations across multiple health systems,
e Aggregation of data according to this common data model,

e Analysisof datato address research questions,

e Dissemination of study results.

All projects performed these activities, although there were variations in how (real-time
aggregation of HL-7 transactions vs. nightly or as-needed extraction, transformation, and
loading), where (local site vs. coordinating center), and with what tools (web-based query
interfaces for researchers vs. tools to develop Natural Language Processing (NLP) modules).

Table 2 compares data sources, types, models, and handling of duplicate patients. All
projects collected data from multiple sources (i.e., hospitals, clinics, billing, long-term care)
and included different data types (eg, numeric test results, |CD-9-encoded problems, and
free text progress notes). Only three projects used a“master patient index” that enabled them
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to combine data from patients who received treatment at different organizations. All projects
used different, and sometimes multiple, data storage and manipulation formats ranging from
SAStablesto XML-based documents to relational databases.

Table 3 provides a comparison of data flow and transformation, from local EHRs to
aggregated analyses. The most important differences highlighted in Table 3 pertain to when
patient-identifiable data leave local sites. In two projects, this occurs immediately following
extraction from the local transaction-based clinical or administrative systems. In SPAN and
CER-HUB, transfer of “raw” patient-identifiable data never occurs (i.e., all dataare
processed at the local site by data analysis programs that are distributed from the central site,
and only data conforming to protocol-specific Limited Data Sets are shared). Only three
sites had any form of natural language processing capability; the other sitesrelied solely on
numeric or coded data elements.

Also of interest in Table 3 isthe state of data analysis tools offered by projects. All projects
are working on “user-friendly” tools to facilitate researchers direct access to data via ad hoc
queries, while concurrently meeting multi-institutional requirements for protecting patient
data and corporate business interests. To date, only the RPDR has aworking version.

Table 4 describes key personnel. The most important difference is that some projects either
have or are working on Internet-based interfaces that allow non-technical investigators to
perform alimited set of data queries and analyses on the combined data set. For example,
the SPAN project currently requires all queries be coded as SAS programs and sent to the
local site where they are executed and the results returned after manual review; SPAN is
beta-testing an internet-based approach using the PopMedNet architecture to alow non-
technical usersto issue queries.

Table 5 provides a comparison of project governance and internal organizational policies
and procedures. All projects have an oversight committee; most consisting of representatives
from al sitesinvolved in the project. Often this committee is responsible for governing all
aspects of data ownership and sharing, project membership, and publication rights and
responsibilities.

Discussion

We compared six large CER projects and described how they employ informatics platforms
to provide data aggregation, analysis, and research management capabilities. Many of these
platforms were originally designed and developed to address widely different healthcare,
organizational and research objectives; only after significant amounts of work had been
completed were they transitioned to focus on CER. For example, the RPDR was originally
designed to answer the question, “How many patients with a specific set of characteristics
have we treated within our integrated delivery network?’ On the other hand, INPC and
WICER started as a means of improving the quality and efficiency of carein large
metropolitan areas by creating centrally-managed health information exchanges (HIEs).
Similarly, SCOAP-CERTN started as aregistry to improve surgical outcomes and
efficiency. SPAN (and to alesser extent CER-HUB) build upon existing research networks
comprised of similarly organized and managed, large, integrated health plans.

CER requires comprehensive data on patients

Different data types are required to create complete, patient-centered views of patient's
medical history. The surveyed projects demonstrate that creating a useful CER platform
requires enormous amounts, and alarge variety, of data. To access these data, CER
investigators need to collect them from as many different sources within their participating
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organizations as possible. Therefore, we see researchers collecting data from inpatient and
outpatient EHRs (including the text narrative of clinical encounters), from billing and
ancillary systems such as laboratory, pharmacy, and radiology. In addition, it isimportant to
collect data that document that patients actually received the care that was ordered, so we
see organizations collecting pharmacy dispensing and patient-reported data when available.
Thisvast array of data, while large, is nearly aways incomplete (i.e., they generate sparse
representations in alarge-dimensional space of patient care factsin the real world) and
methods which use these data must be appropriate to the task of measuring health status and
care events with available data.

CER requires data on populations from multiple organizations

Researchers need to aggregate data from multiple organizations to have enough information
to identify small differences, address bias, perform subgroup analyses, improve
generalizability, allow evaluation of demographic and geographic variation, and identify
rare events. Therefore, CER informatics platforms must be able to extract and collect data
from many different organizations to compile as complete a view of conditions, treatments,
and individuals as possible. Towards that end we see investigators working to include data
from multiple organizations, pursuing non-traditional research data sources, such as long-
term care facilities, home and public health agencies, and attempting to reliably ascertain
patients' socioeconomic status on a widespread basis.

A key requirement for data collection across healthcare provider organizations located in the
same geographic region is the need to merge data from the same patient who has received
healthcare services and had clinical data captured at multiple institutions. Such efforts
require a community-wide master patient index that identifies patients based on multiple
demographic data (e.g., first name, last name, date of birth, gender, social security or
telephone numbers) and keeps track of all patient identifiers used by various participating
organizations to create asingle, master patient identifier!®. To date, only the CER projects
that were built on top of existing health information exchange platforms designed for patient
care have tackled this extraordinarily difficult problem?20: 21, but in the future patient
matching capabilities will be a critical success factor.

CER requires data extraction, modeling, aggregation and analysis methods and tools

Researchers must be able to extract required data from various electronic data systems, map
data types to standardized clinical representations, and analyze it. Design and devel opment
of these “mapping” applicationsis one of the biggest challenges in any multi-institutional
research project, because it is often the case that different organizations refer to the same
activity, condition, or even procedure by different names, and the same names can refer to
different things across ingtitutions. Further, even with accurate mapping it is difficult for
researchers to fully appreciate local idiosyncratic data issues (e.g., non-random incompl ete
data capture) without active engagement of local data experts.

Furthermore, conducting CER is a complex undertaking requiring people with widely
different skills, often in different locations and subject to different organizational policies
and practices. In an attempt to reduce potential for misunderstanding in collaboration
processes, platform developers are working to create powerful, user-friendly tools for data
extraction, manipulation, and analysis. These tools are being designed so CER project staff,
who often have little informatics training, can perform their tasks more efficiently. In
addition, severa projects are developing tools to help researchers make sense of highly
variable and clinically-rich free-text notes documenting patient care.
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CER must conform to local organization's internal governance and Institutional Review
Board's (IRB) rules and local and federal legislation

The social, legal, ethical, and political challengesinvolved in setting up and conducting
large, multi-institutional CER projects must not be underestimated. Friedman et al. stated
that “organizations are understandably reluctant to move data beyond their own boundaries
absent a clear and specific need to do so, and patients will be less likely to consent to allow
this to happen.”22 Therefore, in addition to providing the technical infrastructure required to
collect, standardize, normalize, and analyze disparate data, informatics platforms must
conform to local organization'sinternal governance and IRB's rules and regulations as well
as existing state and federal guidelines. One design to address use of protected health
information isto retain physical control of raw data while providing for their aggregation as
limited data sets to answer specific questions. Other ways in which projects have
accommodated inter-institutional governance issues include standardizing data models
across the project; limiting access to authorized personnel while facilitating remote access;
restricting the types of queries that can be executed and masking patient-specific,
identifiable data; and logging all data transactions and access activities. Asrules,
regulations, and guidelines evolve (eg, proposed Common Rule revision?3) CER platforms
and governance processes must evolve accordingly.

Summary and Conclusion

CER stands to transform the current healthcare delivery system by identifying which
therapies, procedures, preventive tests, and healthcare processes are most effective from the
standpoints of cost, quality, and safety. State-of-the-art informatics platforms are necessary
to carry out this type of research across organizations with disparate patient populations,
health information systems, datatypes, and local governance structures.

We used an 8-dimension, socio-technical model to develop a survey enabling us to compare
and contrast informatics platforms that are under development or in usein six large CER
efforts. Based on the data we collected, we identified six generic steps necessary in any
distributed, multi-institutional CER project: data identification, extraction, modeling,
aggregation, analysis, and dissemination.

We conclude that all of the informatics platforms for CER studied are on their way to
creating the socio-technical infrastructure required to enable researchers from multiple
institutions to conduct high-quality, cost-effective CER. We expect that over the next
several years, these projects will provide answers to many important CER questionsthat in
the past were virtually inaccessible. In addition, we expect many more CER-focused
informatics research platforms to be designed, devel oped, and tested as the fields of
informatics and CER continue to evolve.

Acknowledgments

Dr. Sittig is supported in part by agrant from the National Library of Medicine RO1- LM006942 and by a SHARP
contract from the Office of the National Coordinator for Health Information Technology (ONC #10510592).

Dr. Hazlehurst's work is supported in part by grants from the National Library of Medicine (R21LM009728), and
the Agency for Healthcare Research and Quality (AHRQ) (RO1HS019828, R18HS18157).

Dr. Brown is supported in part by the AHRQ grant 1RO1HS019912

Dr. Murphy is supported by grants from the National Institute of Health U54L M008748, UL 1RR025758,
U24RR025736 and by a grant from the Office of the National Coordinator 90TR0001/01.

In thiswork Dr. Rosenman was supported by a grant from AHRQ (R0O1HS019818)

Med Care Author manuscript; availablein PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sittig et al.

Page 9

Dr. Tarczy-Hornoch is supported in part by AHRQ 1 RO1 HS 20025-01 “ Surgical Care and Outcomes Assessment
Program (SCOAP) Comparative Effectiveness Research Translation Network (CERTN)” and by NIH NCRR 1
UL1 RR 025014 “Institute of Trandlational Health Sciences’.

Dr. Wilcox is supported in part by AHRQ grant RO1 HS019853-01, Washington Heights/Inwood Informatics
Infrastructure for Community-Centered Comparative Effectiveness Research (WICER)

We also thank Andrea Bradford, PhD for editoria assistance.

References

1. The American Recovery and Reinvestment Act of 2009. Public Law 111-5-February 17, 2009.
Available at: http://www.gpo.gov/fdsys/pkg/PLAW-111publ5/pdf/PLAW-111publ 5.pdf

2. VanLare MM, Conway PH, Rowe JW. Building academic health centers' capacity to shape and
respond to comparative effectiveness research policy. Acad Med. Jun; 2011 86(6):689-94.
[PubMed: 21512371]

3. Stang PE, Ryan PB, Racoosin JA, Overhage JM, Hartzema AG, Reich C, Welebob E, Scarnecchia
T, Woodcock J. Advancing the science for active surveillance: rationale and design for the
Observational Medical Outcomes Partnership. Ann Intern Med. Nov 2; 2010 153(9):600-6.
[PubMed: 21041580]

4. Ohno-Machado L, BafnaV, Boxwala AA, Chapman BE, Chapman WW, Chaudhuri K, Day ME,
Farcas C, Heintzman ND, Jiang X, Kim H, Kim J, Matheny ME, Resnic FS, Vinterbo SA, iDASH
team. iDASH: integrating data for analysis, anonymization, and sharing. JAm Med Inform Assoc.
Nov 10.2011 Epub ahead of print.

5. Behrman RE, Benner JS, Brown JS, McClellan M, Woodcock J, Platt R. Developing the Sentinel
System--a national resource for evidence development. N Engl JMed. Feb 10; 2011 364(6):498-9.
[PubMed: 21226658]

6. Payne P, Ervin D, Dhaval R, Borlawsky T, Lai A. TRIAD: The Translational Research Informatics
and Data management grid. Appl Clin Inf. 2011; 2:331-344. http://dx.doi.org/10.4338/
ACI-2011-02-RA-0014.

7. Greene SM, Hart G, Wagner EH. Measuring and improving performance in multicenter research
consortia. J Natl Cancer Inst Monogr. 2005; (35):26—-32. [PubMed: 16287882]

8. Toh S, Platt R, Steiner JF, Brown JS. Comparative-effectiveness research in distributed health data
networks. Clin Pharmacol Ther. Dec; 2011 90(6):883—7. doi: 10.1038/clpt.2011.236. [PubMed:
22030567]

9. Hornbrook MC, Hart G, Ellis JL, Bachman DJ, Ansell G, Greene SM, Wagner EH, Pardee R,
Schmidt MM, Geiger A, Butani AL, Field T, Fouayzi H, Miroshnik I, Liu L, Diseker R, WellsK,
KrajentaR, Lamerato L, Neslund Dudas C. Building avirtual cancer research organization. J Natl
Cancer Inst Monogr. 2005; (35):12-25. [PubMed: 16287881]

10. Brown JS, Holmes JH, Shah K, Hall K, Lazarus R, Platt R. Distributed Health Data Networks: A
Practical and Preferred Approach to Multi-Institutional Evaluations of Comparative Effectiveness,
Safety, and Quality of Care. Med Care. Jun; 2010 48((6) Suppl 1):$45-51. [PubMed: 20473204]

11. Hazlehurst B, Frost HR, Sittig DF, Stevens VJ. MediClass: A system for detecting and classifying
encounter-based clinical eventsin any electronic medical record. JAm Med Inform Assoc. Sep-
Oct; 2005 12(5):517—29. [PubMed: 15905485]

12. Murphy SN, Gainer VS, Chueh H. A Visual Interface Designed for Novice Users to find Research
Patient Cohortsin aLarge Biomedical Database. Journal of the American Medical Informatics
Association, Symposium Supplement. 2003:489-493. PMID: 14728221.

13. Murphy SN, Weber G, Mendis M, Gainer V, Chueh HC, Churchill S, et a. Serving the enterprise
and beyond with informatics for integrating biology and the bedside (i2b2). JAm Med Inform
Assoc. 2010; 17(2):124-30. [PubMed: 20190053]

14. Overhage M, Tierney WM, McDonald CJ. Design and implementation of the Indianapolis
Network for Patient Care and Research. Bull Med Libr Assoc. 1995; 83:48-56. [PubMed:
7703939]

15. McDonald CJ, Overhage JM, Barnes M, Schadow G, Blevins L, Dexter PR, Mamlin B, INPC
Management Committee. The Indiana network for patient care: aworking local health information

Med Care Author manuscript; availablein PMC 2013 July 01.


http://www.gpo.gov/fdsys/pkg/PLAW-111publ5/pdf/PLAW-111publ5.pdf
http://dx.doi.org/10.4338/ACI-2011-02-RA-0014
http://dx.doi.org/10.4338/ACI-2011-02-RA-0014

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sittig et al.

Page 10

infrastructure. An example of aworking infrastructure collaboration that links data from five
health systems and hundreds of millions of entries. Health Aff (Millwood). 2005; 24:1214-20.
[PubMed: 16162565]

16. Zhu VJ, Tu W, Rosenman MB, Overhage JM. Facilitating Clinical Research through the Health
Information Exchange: Lipid Control as an Example. AMIA AnnuSymp Proc. Nov 13.2010 :947—
51. 2010.

17. McDonald CJ, Huff SM, Suico JG, Hill G, Leavelle D, Aller R, Forrey A, Mercer K, DeMoor G,
Hook J, Williams W, Case J, Maloney P. LOINC, auniversal standard for identifying laboratory
observations; a 5-year update. Clin Chem. Apr; 2003 49(4):624-33. [PubMed: 12651816]

18. Sittig DF, Singh H. A New Socio-technical Model for Studying Health Information Technology in
Complex Adaptive Healthcare Systems. Quality & Safety in Healthcare. Oct; 2010 19(Suppl
3):i68—74. doi:10.1136/gshc.2010.042085.

19. AHIMA. Fundamentals for Building a Master Patient Index/Enterprise Master Patient |ndex
(Updated). Journal of AHIMA (Updated September 2010). Available at: http://library.ahima.org/
xpedio/groups/public/documents/ahima/bok1_048389.hcsp?dDocName=bok1 _048389.

20. Adragna L. Implementing the enterprise master patient index. JAHIMA. Oct; 1998 69(9):46-8.
50, 52. [PubMed: 10187470]

21. McDonald CJ, Overhage JM, Tierney WM, Dexter PR, Martin DK, Suico JG, Zafar A, Schadow
G, BlevinsL, Glazener T, Meeks-Johnson J, Lemmon L, Warvel J, Porterfield B, Warvel J,
Cassidy P, Lindbergh D, Belsito A, Tucker M, Williams B, Wodniak C. The Regenstrief Medical
Record System: a quarter century experience. Int JMed Inform. Jun; 1999 54(3):225-53.
[PubMed: 10405881]

22. Friedman CP, Wong AK, Blumenthal D. Achieving a nationwide learning health system. Sci
Transl Med. Nov 10.2010 2(57):57cm?29.

23. [Accessed 9/13/11] Regulatory Changes in Advanced Notice of Proposed Rulemaking:
Comparison of Existing Rules with Some of the Changes Being Considered. at:
http://www.hhs.gov/ohrp/humansubjects/anprmchangetabl e.html

24. Health & Human Services Research Awards: Use of Recovery Act and Patient Protection and
Affordable Care Act Funds for Comparative Effectiveness Research. U.S. Government
Accountability Office; Washington, D.C.: Jun 14. 2011 Available at:
http://www.gao.gov/new.items/d11712r.pdf

25. Tatonetti NP, Denny JC, Murphy SN, Fernald GH, Krishnan G, Castro V, Yue P, Tsao PS, Kohane
I, Roden DM, Altman RB. Detecting drug interactions from adverse-event reports: interaction
between paroxetine and pravastatin increases blood glucose levels. Clin Pharmacol Ther. Jul; 2011
90(1):133-42. doi: 10.1038/clpt.2011.83. Epub 2011 May 25. [PubMed: 21613990]

26. Kurreeman F, Liao K, Chibnik L, Hickey B, Stahl E, Gainer V, Li G, Bry L, Mahan S, ArdlieK,
Thomson B, Szolovits P, Churchill S, Murphy SN, Cai T, Raychaudhuri S, Kohane |, Karlson E,
Plenge RM. Genetic basis of autoantibody positive and negative rheumatoid arthritisrisk in a
multi-ethnic cohort derived from electronic health records. Am J Hum Genet. Jan 7; 2011 88(1):
57-69. [PubMed: 21211616]

27. CHAPTER 4: VIRTUAL DATA WAREHOUSE (VDW) In Collaboration Toolkit: A guideto
multicenter research in the HMO Research Network. 2011. Available at:
www.hmoresearchnetwork.org/resources/toolkit/HMORN_CollaborationT ool kit.pdf#4

28. Friedman C, Shagina L, Lussier Y, Hripcsak G. Automated encoding of clinical documents based
on natural language processing. JAm Med Inform Assoc. Sep-Oct;2004 11(5):392-402. [PubMed:
15187068]

29. Baorto D, Li L, Cimino JJ. Practical experience with the maintenance and auditing of alarge
medical ontology. J Biomed Inform. Jun; 2009 42(3):494-503. [PubMed: 19285569]

30. Zeng QT, Goryachev S, Weiss S, Sordo M, Murphy SN, Lazarus R. Extracting principal diagnosis,
comorbidity and smoking status for asthma research: evaluation of a natural language processing
system. BMC Med Inform Decis Mak. Jul 26.2006 6:30. [PubMed: 16872495]

31. PerlisRH, losifescu DV, Castro VM, Murphy SN, Gainer VS, Minnier J, Cai T, Goryachev S,
Zeng Q, Gallagher PJ, FavaM, Weilburg JB, Churchill SE, Kohane IS, Smoller JW. Using
electronic medical records to enable large-scale studiesin psychiatry: treatment resistant

Med Care Author manuscript; availablein PMC 2013 July 01.


http://library.ahima.org/xpedio/groups/public/documents/ahima/bok1_048389.hcsp?dDocName=bok1_048389
http://library.ahima.org/xpedio/groups/public/documents/ahima/bok1_048389.hcsp?dDocName=bok1_048389
http://www.hhs.gov/ohrp/humansubjects/anprmchangetable.html
http://www.gao.gov/new.items/d11712r.pdf
http://www.hmoresearchnetwork.org/resources/toolkit/HMORN_CollaborationToolkit.pdf#4

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sittig et al. Page 11

depression as amodel. Psychol Med. Jan; 2012 42(1):41-50. Epub 2011 Jun 20. [PubMed:
21682950]

32. Friedlin J, McDonald CJ. Using a natural language processing system to extract and code family
history data from admission reports. AMIA Annu Symp Proc. 2006:925. [PubMed: 17238544]

33. HMO Research Network Collaboration Toolkit. Available at:
http://www.hmoresearchnetwork.org/resources/collab_toolkit.htm

34. CERHUB Mission and Membership Overview. Available at: http://www.cerhub.org/mission.html

Med Care Author manuscript; availablein PMC 2013 July 01.


http://www.hmoresearchnetwork.org/resources/collab_toolkit.htm
http://www.cerhub.org/mission.html

Page 12

Sittig et al.

SIeah + 17 10} SBYS wawdopnsp
+0G e asn ul Ansifal Jopun :Arepuodes
10/vO apIvekss (psa1Be g) pouve(d ‘asessIp Aove
VM 3Inpnuseu| suonmisul 0T | [eeydiied Arewid Bi0-deods’ mmm alels uolbulyse ¥/6'069'TT$ YoouJoH-Azore 1 wni4 INIRSE[eR=1"0l0
Wi | joJud Jud 1red
Buluuibeg 1090 1d
yoseasal
pue ased e ired eale sijodeueipu| (00g)
1o} Apunnos pasn uIswelsAs | asessips,owByz|Y eae ue)ljodosipw
3IH BNPNISE U] feydsoy Jofew g Jo Wwewiean Bnud | odulsdirewIoUIPSW/BI0" P LISUSBRI MMM NI ‘stjodeuelpu| 0TP'Zzy's$ | Uewuesoy/iuessnog pue eped | av-13W0OD OdNI
ARemuepun saipnis Te'08'9z'Gz PRI AW
JospaipunH :199fo.d U3 a/eY SaIpnIs
666T 92UIs Uoresado ul 1 ‘JeaAsaIpnis ek VN
WRISAS 21NN sk Jju | speudsoy ool 2 | 00t Inoge suoddng Bi0°zaz| ‘Jpdi/Bioseured ol ‘uoisog 0} paliwi] skeaA T 1sed oo INGTS~ Aydiniy JAydiniy Hady
yiompu eyd soy S
fuensAyd euoifel 2
ARemiapun abre| T 'sOHO4 Jo =
salpnis om] :198foid | wniosuoo T VAT (000'008) a
‘Juswido prsp 'SONH € —swais/s uo17essad Hu ows eibioe9 Q
Japun:@.nniseyu| Yeayabre|g | :(000'002) ewySY Biognyeo - lleveH pased-vsn 65.L'seL'es sInye|ZeH sInue [ZeH m anH-4¥30
(so1swened 009) P
jospel eaulp ‘©
€ ‘swyuobe 3
ansoufeip =
MaU “‘Jueweleuew 3
2189 (000'2T) o
sfanins Aunwiwiod m.
Busn ssApeue 2
1104yoo uoirendod m
sofiers ‘(000°002~) (AN ‘A0 Y10 A MON) =
Buiuue|d uj ;109 l01d asnoyaem A)unwiwiod poomu | 5
‘uswdopnep elep Yyoseasal /SWBRH uolbuiyse £
Jspun@inpnusesu| | suoireziuebio o)t ul uoe|ndod B10 LI 0} paWI] 109'G58'8% XOO|IAM\/XOD| I Aun 330 IM
SJUBLLSSASSE BIEP [R1HIUI %
'sj00010.d Yoeasal Q
Buidopreq 19001 S
wuoyed S
PNpaNdod 8y (uonjwyz~)
0] SiuswadUeyus Aenb Aisago
Buidoprep ‘sa|gelren ‘(Ssyusosajope
nmaU Buippe S| NVdS 000'0t7g~) Jopiosip MJA 8} Uo uoIfew.oul
‘s1A QT uononpoud ul swesfs AinnseledAy sey B0 I0MBU Y2JeasaJowH elbioe9
MAA @Inpnusenu| | yiesy pssed-SN TT }019p-UoHUBNY ‘(wiore(d 8.remyjos) Buo pupswidod - lleveH pased-vsn zlz'ele'ss umo.g /Aefeq NVdS
1%9/01d suonnsu|
puea.injpn.Jse.yul Buirediilred (panjonulsiuaired
ay) Jo abeis 0 BqunN |  #) Apnss Joseauy 215M 10l01d | Aissenipolydelboes | ZBulpund a1ads-1090.d aAITeIUESa IdoY/ 1d 1Weloid | sweN 18 foud ¥3D

NIH-PA Author Manuscript

duosnuew siyy ul pazAeue s109f0.d UYo.1easa. SSOUBA 110849 aAIRedwod paseq-wioie|d So1fewloul XIS ay) JO MBIABAQ

Tolqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript



http://popmednet.org
http://Hmoresearchnetwork.org
http://Wicer.org
http://cerhub.org
http://rc.partners.org/rpdr
http://I2b2.org
http://www.regenstrief.org/medinformatics/inpc
http://www.scoap.org

Page 13

Sittig et al.

Med Care Author manuscript; availablein PMC 2013 July 01.

(SOHOL) sonm) 85D UYiEaH paiiend-Areped |(10/v0) uswenoidw| Aendoueinssy Alend ((MAA) ssnousiep erd EnuiA (O WH) uoieziuebiO soueusiue N Yl esH SuoiRINSIqgY

(poa.Be
€) salis feuonippe
J Buninioay :109l0.d

19 0.ud
pue a.InjnJse Jjul
ay1 Jo abeis

suonNIsu|
Buiredininred
J0 BquinN

(panjonursiveired
#) Apnis Joses 1y

BUSeRM 109/01d

A1s )BAIP 21yde 160D

yzZdulpun- o1y109ds-109 [0 id

aAITeIUEsa IdRY/ Id 19 0.1d

aweN 18foid ¥3D

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript




1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Sittig et al.

Table 2

Comparison of data sources, types, models, and handling of duplicate patients.

Page 14

CER Project Name | Data sources Data types Standard data model(s) used | Duplicate patients
identified across
organizations?

SPAN Health plan enrollment, Local codes Expanded version of the No. Two organizations
pharmacy dispensing, Standard codes HMO unlikely to have
utilization data, billing data, No unstructured Research Network Virtual information for the same
vitals, lab results, tumor text Data patient during a defined
registry, death info Warehouse Version 3 (13 enrollment period.

tables linked by a unique
identifier)2”

WICER Patient surveys, vital statistics, Local codes Early version of the HL-7 Yes, many patients are
health literacy, socioeconomic Standard codes Reference Information Model participantsin New York
status, in-patient, ambulatory Processed Free text Care Connect HIE
clinics, long term care facilities,
home care agencies

CER-HUB Ambulatory EHR, In-patient Local codes Implementation of HL-7 No. Unlikely for sites
discharge summaries, hilling, Standard codes Clinical Document currently involved to have
pharmacy dispensing, lab Processed Freetext | Architecture that extendsthe overlap in patient
results; all are extracted based CCD (Continuity of Care populations. One site
on project need via standard Document) operates asingle instance
extraction mechanism. EHR for its multiple

consortium member
FQHC organizations.

RPDR Demographics and labs data Local codes Star schema data model codes | Yes, Enterprise Master

loaded nightly; EHR, billing Standard codes clinical eventsas“facts’ in Patient Index

and decision support systems
data (including vitals and
inpatient and ambulatory
clinics data), death info and
pharmacy data loaded monthly;
text clinical notes available on
project-need basis.

Processed Free text

relational database structure
with radiating tables that
further define facts, along
with metadata tables

INPC COMET-AD | Multiple hospital systems, Local codes Identifier, timestamp, Yes, patients are linked
healthcare payers, practice Standard codes “question” term, and across, ingtitutions in the
organizations (eg, primary care | Processed Freetext | “answer” term - where answer | Indiana Network for
group practice, radiology and unstructured term is numeric, coded, date, Patient Care viathe global
practice, sports medicine text person (e.g., patient or person ID service
practice), laboratory clinician), or free text value.
organizations Also some “compound”

results.

SCOAP-CERTN ADT/Registration, Laboratory, Local codes HL7-v3 in warehouse No
Medications, text Reports (e.g. Standard codes augmented by data elements
Doppler Ultrasound report), Processed Freetext | from the SCOAP data
text Notes (e.g. Operative Note) | Unstructured text collection forms
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Table 4

Key personnel involved in various stages of project.

Page 16

real-time and periodic data
extracts

queries using structured user
interface

automatically
generated by query
tool. Investigators at
study sites perform
more detailed
analysis.

CER Project Name | Data extraction, Data queries Data analysis Total personnel accessing
transfor mation, loading system
SPAN Local site programmerscreate | SASanalysts at the lead Statisticians, Planned 20-40
HMORN VDW (multi- study site create SAS investigators, analysts | investigators (2-4/site); 25
purpose research warehouse)/ programs to run against the at lead study site analytic/administrative
expand VDW on study-by- VDW. staff to respond to queries
study basis; distributed Non-technical researchers (~2 per site)
queries create study-specific use the SPAN user interface
analytic file extracts from the to query summary count
VDW. tables; user interface
enhancements will allow
menu-driven querying of
individual-level data
derived from the VDW.
WICER Local site programmers work Designed to be completed Statisticians and Platform still under
with central programmersto by researchers investigators at local development
create extracts —real-time & or central sites
monthly
CER-HUB Local site programmers create | Study staff create and Statisticians at central | Per study (two currently).
XML-based clinical research validate standardized data data coordinating Local site programmers:
document processors—a MediClass center with guidance 1-3 per study site
application—for each study. | from study (currently 12 total).
investigators Research staff: 5-10
investigators, RA's, and
PM's per (currently 15
total)
RPDR Local site programmers create | Clinical investigatorsrun Preliminary statistics >2,500 across the Partners

organization

INPC COMET-AD

Central staff extracts data
from the INPC; additional
NLPis planned; data are also
collected by project staff

SQL queries on central DB
are written by central staff
in collaboration with the
investigator team

Analysisis by
statisticians at the
central location using
extracted data

For the pilot study —one
project manager and staff,
one INPC data analyst,
one NLP expert
programmer, six
investigators. The more
genera platform is under
development.

SCOAP-CERTN

Central staff work with local
site programmers to create
site-specific data extracts that
are sent to centrally-devel oped
Amalga message processing
architecture

Users at participating sites,
centralized SCOAP-CERTN
staff (site associated data
coordinators, centralized
data coordinators and
scientists doing data
analysis)

By statisticians at
central location using
extracted data

System is still under
development. When ready,
expect users across the
state of Washington

Abbreviations: Natural Language Processing (NLP); Structure Query Language (SQL); Virtual Data Warehouse (VDW)
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