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ABSTRACT 

THE USE OF HEALTH INFORMATION EXCHANGE ORGANIZATIONS IN 

CLINICAL RESEARCH: CURRENT STATUS, CHALLENGES AND 

OPPORTUNITIES 
 

By 
 

Carol J. Parker 
 

Significant federal investment has led to the increased use of electronic health record (EHR) 

technology and electronic exchange of health information across health care providers. Health 

information exchange organizations (HIOs) are organizations that provide technology and 

infrastructure to enable electronic health information to be exchanged across disparate EHR 

technologies and between different health care provider organizations. While designed to 

support patient care delivery, this technology has the potential to support clinical research and 

improve efficiencies for data collection including patient identification and data monitoring.  

This study sought to determine whether HIOs have the necessary infrastructure, technological 

capacity and agreements among participating providers to support research using exchanged 

clinical data; if HIOs facilitate the development of multi-institutional datasets that can be used 

for research; and whether the application of HIO data (Indiana Network for Patient Care, INPC) 

resulted in an accurate, representative, and comprehensive foundation for a specific research 

question (transitions of care in intracerebral hemorrhage, ICH, patients). Our scoping review to 

identify published studies that used HIOs as data sources for clinical research found that, 

outside of the evaluation of HIOs themselves, HIO data were being used to a limited extent in 

clinical research studies, with only a limited number of specific HIOs involved in generating the 



 

 

majority of the published research. We then used data from a national survey of HIOs to 

determine the extent HIOs report supporting research by allowing exchanged patient data to be 

aggregated and used for clinical, health services or epidemiologic research. We found that most 

HIOs reported supporting, or planning to support research, and that support for research is 

closely aligned with advanced technological infrastructure and functionality.  

This study culminated in the use of data from one HIO, the INPC, to study transitions of care for 

ICH patients. We found that the HIO’s ability to provide sufficient data to study transitions of 

care was hindered by two problems: 1) missing clinical data among providers that share data 

with the INPC and the lack of participation in the INPC for several important post-acute care 

settings. Most notably, the INPC data did not include encounter information from hospice 

providers, free-standing acute rehabilitation facilities, skilled nursing facilities (nursing home), 

home health, or long term care hospitals. For some of these settings (e.g. skilled nursing 

facilities and home health), this is in part due to the slow implementation of electronic health 

record and exchange technologies. In addition, we found that encounters are collapsed into 

broad categories (inpatient, outpatient and emergency) that do not reflect the variety of clinical 

interactions in a way most useful to researchers and other analysts of healthcare delivery.  

As the rapid expansion in EHR use and health information exchange are relatively recent, HIO 

support for research is still developing. While we found limited utility of HIO data to study 

transitions of care for ICH patients, we only used data from one specific HIO. Additional 

research is required to determine whether HIOs are viable partners for research outside of the 

evaluation of HIOs themselves.
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CHAPTER 1: INTRODUCTION 

As clinical researchers face stagnating and even declining National Institutes of Health (NIH) 

funding budgets, the costs of conducting biomedical research continues to increase rapidly.1 

According to the Bureau of Economic Analysis in the US Department of Commerce, the 

Biomedical Research and Development Price Index (BRDPI) has increased over 15 times since 

1950 when it was first measured, while the Price Index for the Gross Domestic Product 

increased by just over 6 times since 1960. The BRDPI is used by the National Institutes for 

Health to evaluate the ability of their annual budget to maintain a consistent level of purchasing 

power.2  Reduced NIH funding and increased costs combined with the increased pressure to 

identify the underlying causes for major diseases and identify best health care practices 

encourage efforts to reduce costs of conducting clinical research.  Adoption of electronic health 

record (EHR) technology in health care provider organizations and their connection to health 

information exchange organizations (HIO) represent an important opportunity to incorporate 

clinical research as a secondary use of the health information gathered during patient 

encounters.  

History of health information exchange 

Efforts to develop mechanisms to share clinical information electronically began in the early 

1990s with grants by the Hartford Foundation to form community health management 

information systems (CHMISs) that centered on a shared data repository for community health 

assessment, billing and patient eligibility information.3 Community health information networks 

(CHINs) followed in the mid to late 1990s, and emphasized cost savings by improving the 

efficiency of moving information between providers and used a decentralized model in which 
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data was maintained by individual providers.3 Although the CHMIS and CHIN efforts had limited 

sustainability, they highlighted several important concepts including providing participating 

organizations with return on investment at a level similar to their investment in the HIO, 

resolving conflicts inherent to partnering competing organizations, and addressing patient 

privacy and security concerns.3 In 2004, President George Bush issued an Executive Order that 

established the position of the National Health Information Technology Coordinator responsible 

for developing a nationwide interoperable health information technology infrastructure to 

improve health care quality, reduce medical errors and reduce health care costs.4 The Executive 

Order required the National Coordinator to report within 90 days of operation on a strategic 

plan to guide implementation of a nationwide interoperable health information system across 

the public and private sectors. 5 Consequently, $2.3 million in funding was provided in 2004 by 

the US Health Resources and Services Administration and the Foundation for eHealth Initiative 

to support the Connecting Communities for Better Health Program to implement health 

information exchanges.6 In March 2010, the Office of the National Coordinator (ONC) awarded 

State Health Information Exchange  Cooperative Agreements grants to 56 states, territories and 

State Designated Entities  “to rapidly build capacity for exchanging health information across 

the health care system both within and across states.”7 

Definitions 

Health information exchange as the phrase is used today is defined as “the electronic 

movement of health-related information among organizations according to nationally 

recognized standards.”8 Health information exchange originated from a widespread interest in 

providing health care providers with access to clinical data across disparate electronic health 
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record (EHR) systems in order for health care providers to provide timely, safe, and effective 

care while reducing inefficiencies and redundancies.9 Exchange is facilitated and governed by 

multiple different types of organizations including independent, non-profit organizations; state 

governments; state Medicaid agencies; healthcare delivery organizations; EHR vendors; and, 

academic institutions.  

Health care providers such as hospitals, physician practices, and post-acute care providers, 

participate in health information exchange through a multitude of different strategies. Directed 

exchange is when information is sent and received securely between EHR systems through one 

of the following three most common strategies or mechanisms: an interfaced connection 

between two disparate electronic health record systems, ONC’s Direct protocol (similar to 

secure e-mail), or participation in an health exchange organization (HIO).9 Directed exchange 

works similarly to the US postal system in that an electronic message is delivered to an 

addressed party (i.e. lab results are delivered to the ordering physician). Directed exchange 

requires accurate identification and location of the health care provider that should receive the 

exchanged clinical information, labeled sufficiently to allow the receiving system to accurately 

identify the patient, transmitted according to recognized industry standards (regardless of the 

sending and receiving EHR technology), and secured with appropriate safeguards for the 

privacy and security of the protected health information throughout the process.  

Query-based exchange enables health care providers to query other providers to determine 

whether they have clinical information that is important to the care of a shared patient.9 This 

type of exchange is often only available using the services of an HIO and requires HIOs to 
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uniquely identify each patient and attribute clinical information to the appropriate patient, 

authenticate providers querying the system and monitor access of the system to protect the 

privacy and security of the patients, transmit and receive clinical information according to 

recognized industry standards (regardless of the sending and receiving EHR technology), and 

maintain a central data repository or mechanism to query multiple systems.  

Growth of health information exchange 

Health information exchange development and growth has been tightly tied to the expansion of 

EHR capabilities and implementation. The adoption of electronic health record (EHR) 

technology by physicians, hospitals, and other health care providers has exploded over the last 

few years largely as a result of federal investment and policies. In February 2009, the Health 

Information Technology for Economic and Clinical Health (HITECH) Act established the 

Medicare and Medicaid EHR Incentive Programs.10 Since 2011, eligible health professionals and 

hospitals have received incentive payments for implementing new, or upgrading existing, EHR 

technology in a meaningful manner to improve the care of patients with Medicare or Medicaid 

benefits or coverage. With the establishment of the EHR Incentive Program, adoption of EHR 

technology has spread so broadly that implementation is no longer limited to large institutions 

or technologically sophisticated providers. According to the Department of Health and Human 

Services, as of April 2015, 95% of all eligible hospitals and over half of office-based physicians 

have implemented the necessary EHR technology to receive incentive payments from the 

Medicare and Medicaid EHR Incentive Programs.11,12  
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The goal of the EHR Incentive Programs is to ensure that providers are using the capabilities of 

their EHR systems for more than just recording information, ultimately leading to improved 

patient care.10 This effort is commonly referred to as Meaningful Use, as providers are being 

incentivized to demonstrate that they are using their EHR systems in a meaningful manner. 

Providers submit reports of specific information from EHRs to the federal government to 

validate that they are using the EHR technology in a meaningful manner thus requiring EHR 

vendors to incorporate into their systems the ability to share information. Each stage of 

Meaningful Use has increasing requirements for the use of certified EHR technology, with Stage 

1 requirements emphasizing basic expectations for providers who have recently implemented 

an EHR system. Many providers are currently working towards meeting Stage 2 Meaningful Use 

which requires participation in Stage 1 for at least two years, and the electronic exchange of 

structured care summaries among providers using various EHR technologies.10 Beginning in 

2018, all eligible providers and hospitals will be expected to satisfy the requirements, 

objectives, and measures of Stage 3 regardless of whether they progressed through the prior 

stages of Meaningful Use to receive incentive payments. For Stage 3, the objectives and 

measures align with eight key policy areas of which only one is specifically related to health 

information exchange and the other seven involve interoperability of EHR systems.13 (See Table 

1.1) The emphasis of the EHR Incentive Programs on interoperability and sharing among EHR 

systems has promoted the use of standards such as HL7, LOINC, and SNOMED CT—which 

facilitate sharing information across institutions and EHR technologies—and has fostered 

creation of mechanisms to share clinical information electronically between providers including 

the development of (HIO).  
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After a speech by CMS Acting Administrator (the head of CMS) Andy Slavitt in January 2016, it 

was widely reported that Meaningful Use is ending.14-17 While Meaningful Use as a separate 

program is ending, program requirements and associated incentive/penalties are being 

incorporated into the new Merit-Based Incentive Payment System (MIPS) along with Physician 

Quality Reporting Initiative (PQRI) and the Value-based Modifier (VM) program. MIPS, which 

will begin in 2019, will incentivize health care providers (physicians, physician assistants, nurse 

practitioners and others) based on four categories performance measures: quality, resource 

use, clinical practice improvement activities, and meaningful use of certified EHR technology.18 

This development further reinforces the government’s intention related to the use of 

technology to support the effective delivery of health care. In fact, within the introduction to 

the Medicare Access and CHIP Reauthorization Act of 2015 which creates the new MIPS 

program, Congress “Declares it a national objective to achieve widespread exchange of health 

information through interoperable certified electronic health records (EHR) technology 

nationwide by December 31, 2018.”18 

While some HIOs predate the HITECH Act, this federal investment and enhanced provider 

interest in EHR systems provides the foundation for extensive HIO growth. Provider 

participation in health information exchange has steadily grown since passage of the HITECH 

Act with 10.7% of hospitals reporting participating in health information exchange with 

unaffiliated providers in 201119 to 30% in 2014.20 

EHR adoption and medical institutions' partnerships with HIOs are lagging for long-term and 

post-acute care institutions compared to those that qualify for Medicare and Medicaid EHR 
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incentive programs established by the HITECH Act.10 A 2013 report by the Office of the National 

Coordinator for Health Information Technology notes that while no national data were 

available about long-term and post-acute care institutions, they estimated that EHR adoption 

rates lag behind those of acute care hospitals, by as much as 50%.21 A survey of New York State 

long-term and post-acute care providers found that less than half had adopted an EHR, and less 

than a third participated in health information exchange with a HIO.22 Similarly, a report by the 

Minnesota Department of Health found that less than half of the acute care hospitals 

exchanged health information with nursing homes or other long-term post-acute care facilities, 

and even fewer did so with home health care providers.23 Although adoption of EHR and health 

information exchange technology by long-term care and post-acute care providers is slower 

than adoption by acute hospitals, the number of institutions that do participate is substantial: 

one-third to one-half of surveyed hospitals reported exchanging data with these providers.  

Motivations for providers and institutions not eligible for incentive payments to participate in 

health information exchange are similar to those of providers and institutions that do qualify: to 

improve access to relevant clinical information in a timely way to inform quality patient care 

and to increase efficiency in the care process. Without access to the incentive payments, these 

providers and institutions must bear the full implementation costs which can be substantial 

depending on their local HIO’s business model and the costs of building technical interfaces 

between their EHR and the HIO as well as annual maintenance of the interfaces and 

participation fees in the HIO. In addition, some of the EHR systems that target post-acute care 

providers do not readily enable electronic exchange of clinical information as they are not 

required to be certified electronic health record technology24 for purposes of the Meaningful 
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Use program and are therefore not required to provide the functionality necessary to meet 

Meaningful Use requirements including the ability to electronically exchange clinical 

information.  

Potential for research  

The explosion of EHR implementation and growth of HIOs creates opportunities for aggregating 

patient data to support research.  Much research has been published with EHR data as the 

primary data source and researchers continue their efforts to evaluate the use of EHR data for 

research and to develop tools and methodologies to address its limitations.25-28 HIOs have an 

opportunity to complement promising efforts in development to make EHR data available for 

research such as the Clinical and Translational Science Awards Accrual to Clinical Trials (CTSA 

ACT) program and PCORnet. CTSA ACT is a National Institutes of Health funded, medical 

research institution-based network of funded Clinical Translational Science Award Centers 

created to share EHR data as a mechanism to improve recruitment for clinical research 

studies.29 Similarly, Patient-Centered Outcomes Research Institute (PCORI) created the 

PCORnet to combine data available in EHRs with patient generated data to support clinical 

research.30  

Research is currently ongoing to determine whether the information collected and shared 

through HIOs results in an accurate, representative, and comprehensive foundation for clinical 

and epidemiological research activities.31-37 With appropriate measures in place to ensure 

patient privacy and informed consent, the use of data from HIOs for research purposes has the 

potential to greatly expand the number and types of health care organizations contributing to 
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health research including community-based hospitals, private physician practices, urgent care 

centers, home health agencies, and nursing homes thereby increasing the generalizability of the 

findings. 

Of further note, the mission of the HIO, as defined by the ONC oversight body, does not directly 

refer to research or any research-related activities.38 The ONC is a division within the U.S. 

Department of Health and Human Services tasked with supporting the meaningful use of EHRs 

and the development of a nationwide health information system. Given the ONC’s role as 

policymaker and distributor of federal grant funds, their description of HIO is widely 

referenced. As a result, HIOs have largely developed the ability to support research using 

exchange data with the intention that this service contributes financially to the HIO or meets 

the needs of participating organizations that include research in their organizational mission. 

The implications are that HIOs may decide to restrict access to their participating organizations; 

and, if the HIOs allow access to outside researchers, the researchers will likely have to pay for 

the use of the data exchanged through the HIO.   

 Specific aims/Objectives 

Extensive public and private investment in EHR implementation and health information 

exchange compels us to strategize how to maximize the utility of these resources. While the 

federal government and health care providers invested in this technology to support direct 

patient care delivery, I propose this technology has the potential to support conducting clinical 

research and improve efficiencies for data collection and patient identification/monitoring 

required for clinical research. To this end, I identified several outstanding research questions: 
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Do researchers currently have access to clinical information exchanged through an HIO? Do 

HIOs have the necessary infrastructure, technological capacity, and agreements among 

participating providers to support research using exchanged clinical data? Do HIOs facilitate the 

development of a multi-institution dataset? Does the information collected and shared through 

an HIO result in an accurate, representative, and comprehensive foundation to assess 

transitions of care? The following chapters inform these issues and point to additional work 

needed in the future. 

Chapters 2-4 represent three articles that have either recently been published in a peer 

reviewed journal or are in the process of submission for publication. Chapter 2 provides the 

results of a scoping review to determine the extent of HIO involvement in published clinical 

research. The objective of this study was to identify published studies that describe the use of 

HIOs as a data source for the conduct of clinical research specific to one or more of the 

following 3 areas: 1) clinical or epidemiological research including randomized clinical trials or 

observational epidemiological studies, 2) financial or cost evaluations of HIO use, including 

changes in administrative efficiencies, or 3) utilization of health services, including the 

evaluation of care-seeking patterns. This paper was published in the International Journal of 

Medical Informatics, March 2016. 

In follow-up to the scoping review, we investigated the extent to which HIOs report supporting 

research by allowing the patient data that they exchange to be aggregated and used for clinical, 

health services or epidemiologic research. We use data from the fifth and most recent version 

of an ongoing national survey of organizations engaged in health information exchange39-42 to 
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determine the proportion of HIOs that are or plan to support research, and to describe the 

characteristics that differentiate them from HIOs that do not support research. We also 

evaluate select characteristics of these research-engaged HIOs to describe how they differ in 

activities, functionality or organizational structure from HIOs not so engaged. These results are 

presented in Chapter 3.  This paper has been submitted for publication but is pending review. 

For the last of the three studies (Chapter 4), we sought to use HIO data in a clinical research 

study that would highlight the potential utility of HIO data for clinical research. We partnered 

with the Indiana University School of Medicine and the Indiana Network for Patient Care (INPC) 

to link patient level hemorrhagic stroke cases discharged from two major medical centers in 

Indianapolis with a regional HIO (INPC). We sought to determine whether HIO data can be used 

to study transitions of care in patients experiencing an intracerebral hemorrhage (ICH) over the 

year following hospital discharge. We operationalized our research questions as follows: 

• Are the HIO encounter data sufficient to describe accurately the health care utilization 

patterns among various health care settings following discharge for a first ICH (index 

admission)? The primary "exposure" of interest was the discharge disposition. 

Outcomes of interest were patients’ care patterns after discharge (number, timing, and 

care setting) and use of rehabilitative services. 

• What information of interest is not available from the HIO? 

• What changes in network size and diversity of participating health care providers, 

administrative and technological infrastructure, and data availability are required to 

support research in transitions of care? 



12 

These studies build upon each other. The scoping review (Chapter 2) informs us of the current 

published research with HIOs as partners and the results were used to inform the questions 

included in the national survey (Chapter 3) to determine the proportion of HIOs that are or plan 

to support research, and to describe the characteristics that differentiate them from HIOs that 

do not support research. The transitions of care study in Chapter 4 tested whether researchers 

could obtain and use HIO data to study a topic that should highlight the advantage of an HIO 

partner as a source of relevant, cross-institutional clinical information. 
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TABLE 1.1 – OBJECTIVES AND MEASURES FOR MEANINGFUL USE IN 2017 AND SUBSEQUENT 

YEARS 

Program Goal/Objective HIO Implication 

Protect Patient Health Information Requires a security analysis 

Electronic Prescribing (eRx) Supporting role - Several systems 

already in place and used by majority of 

physicians to provide electronic 

exchange of information related to 

prescriptions such as Surescripts. 

Clinical Decision Support (CDS) Supporting role - This is largely an EHR-

level function although additional 

information available through an HIO 

connection could support more accurate 

and timely receipt of clinically relevant 

information. 

Computerized Provider Order Entry (CPOE) Supporting role - Orders outside of 

organizational boundaries would require 

HIO functionality. 

Patient Electronic Access to Health Information Supporting role - Initially most providers 

will meet this requirement through an 

EHR-supported patient portal. HIOs offer 

an opportunity to patients to access 

their health information through a single 

portal rather than through each health 

care provider’s EHR provided portal. 

Coordination of Care through Patient 

Engagement 

Supporting role - HIOs could provide the 

secure messaging functionality or 

community-wide patient portal.   

Health Information Exchange (HIE) Integral role – HIOs facilitate the sharing 

of clinical information to support 

transitions of care and referrals and 

have systems to support reconciliation 

of the medical information provided by 

different health care providers. 

Public Health and Clinical Data Registry Reporting Supporting role – Dependent on the 

public health agency and registry 

requirements. HIOs are one option for 

transmitting this information. HIOs 

provide real-time data submission that 

would facilitate a public health agency’s 

efforts to monitor the health of the 

population. 

  



14 

CHAPTER 2: HEALTH INFORMATION EXCHANGES – UNFULFILLED 

PROMISE AS A DATA SOURCE FOR CLINICAL RESEARCH  

Carol Parker MPH1,3, Michael Weiner MD, MPH2, and Mathew Reeves PhD3 

Corresponding Author:  

Carol J. Parker, MPH 

Academic Affairs and Department of Epidemiology and Biostatistics 

Michigan State University, College of Human Medicine 

965 East Fee Hall, Room A118 

East Lansing, Michigan 48824 

Phone: +001+(517) 884-7911 

Cell: +001+(517) 927-9351 

carol.parker@hc.msu.edu 

 

 

Authors: 

 

1.  Academic Affairs Michigan State University College of Human Medicine 

965 East Fee Hall 

East Lansing, Michigan, 48824 USA 

 

2. Center for Health Services Research, Regenstrief Institute, Inc. 

Indiana University Center for Health Services and Outcomes Research 

Center for Health Information and Communication, Department of Veterans Affairs, Veterans 

Health Administration, Health Services Research and Development Service CIN 13-416 

Richard L. Roudebush Veterans Affairs Medical Center 

1050 Wishard Boulevard, 5th floor 

Indianapolis, Indiana, 46202 USA 

 

3. Department of Epidemiology and Biostatistics 

Michigan State University, College of Human Medicine 

965 East Fee Hall 

East Lansing, Michigan, 48824 USA 

 

  



15 

Introduction to the Chapter 

The following chapter uses a scoping review methodology. Arksey and O’Malley published a 

framework for conducting scoping studies in 2005 to suggest consistent terminology and 

methods.43 The authors proposed four common reasons for conducting a scoping review 

including the examination of current research activity, determination of whether there is 

additional value for undertaking a full systematic review, summarization and dissemination of 

findings, and identification of gaps in literature. While similar in process to a systematic review, 

scoping review methodology differs from conducting a systematic review in important ways. 

Scoping reviews do not have highly focused research questions but seek to identify all relevant 

literature without regards to study design. Once researchers have a better understanding of 

existing literature, they may wish to narrow the parameters but their initial searches are broad 

and comprehensive. In addition, scoping reviews do not aggregate findings from different 

studies and therefore do not assess quality of identified studies or the generalizability of their 

findings.43 
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Abstract  

Objective –To determine the use of health information exchange organizations (HIEs)1 to 

support and conduct clinical research. 

Materials and Methods – This scoping review included US-based studies published between 

January 2003 and March 2014 that used data from an HIE to address at least one of three 

categories of research: clinical or epidemiological research, financial evaluation, or utilization of 

health services. Eligibility was not restricted to research on HIEs. Studies with research 

questions outside of the evaluation of HIEs themselves were sought. 

Results – Eighteen articles met final study inclusion criteria from an initial list of 847 hits. Fifteen 

studies addressed a clinical or epidemiological research question, 6 addressed a financial 

consideration, and 8 addressed a utilization issue. Considerable overlap was found among the 

research categories: 13 articles addressed more than one category. Of the eighteen included 

studies, only two used HIE data to answer a research objective that was NOT specific to HIE use. 

Research designs were varied and ranged from observational studies, such as cohort and cross-

sectional studies, to randomized trials. The 18 articles represent the involvement of a small 

number of HIEs; 7 of the studies were from a single HIE.  

Discussion – This review demonstrates that HIE-provided information is available and used to 

answer clinical or epidemiological, financial, or utilization-based research questions; however, 

the majority of the studies using HIE data are done with the primary goal of evaluating the use 

and impact of HIEs on health care delivery and outcomes. As HIEs mature and become 

                                                           
1 Publisher required the use of HIE to represent Health Information Exchange Organizations. 
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integrated parts of the health care industry, the authors anticipate that fewer studies will be 

published that describe or validate the role of HIEs, and more will use HIEs as multi-institutional 

data sources for conducting clinical research and improving health services and clinical 

outcomes. 

Conclusion – Articles identified in this review indicate the limited extent that HIE data are being 

used for clinical research outside of the evaluation of HIEs themselves,  as well as the limited 

number of specific HIEs that are involved in generating published research. Significant barriers 

exist that prevent HIEs from developing into an invaluable resource for clinical research 

including technological infrastructure limitations, business processes limiting secondary use of 

data, and lack of participating provider support. Research to better understand challenges to 

developing the necessary infrastructure and policies to foster HIE engagement in research 

would be valuable as HIEs represent an opportunity to engage non-traditional health care 

provider research partners. 
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Objective 

The adoption of electronic health record (EHR) technology by physicians, hospitals, and other 

health care providers has exploded over the last few years largely as a result of federal 

investment and policies. In February 2009, the Health Information Technology for Economic 

and Clinical Health (HITECH) Act established the Medicare and Medicaid EHR Incentive 

Programs.10 Since 2011, eligible health professionals and hospitals have received incentive 

payments for implementing new, or upgrading existing, EHR technology in a meaningful 

manner to improve the care of patients with Medicare or Medicaid benefits or coverage. With 

the establishment of this program, adoption of EHR technology has spread so broadly that 

implementation is no longer limited to large institutions or technologically sophisticated 

providers. According to the Department of Health and Human Services, as of May 2013, 80% of 

all eligible hospitals and over half of physicians and other health professionals have 

implemented the necessary EHR technology to receive incentive payments for meeting the 

Stage 1 expectations of the EHR Incentive Programs.44  

The goal of the EHR Incentive Programs is to ensure that providers are using the capabilities of 

their EHR systems for more than just recording information, ultimately leading to improved 

patient care.10 This effort is commonly referred to as Meaningful Use, as providers are being 

incentivized to demonstrate that they are using their EHR systems in a meaningful manner. 

Providers submit reports of specific information from EHRs to the federal government to 

validate that they are using the EHR technology in a meaningful manner thus requiring EHR 

vendors to incorporate into their systems the ability to share information. Each stage of 

Meaningful Use has increasing requirements for the use of certified EHR technology, with Stage 
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1 requirements emphasizing basic expectations for providers who have recently implemented 

an EHR system. Many providers are currently working towards meeting Stage 2 which requires 

participation in Stage 1 for at least two years, and the electronic exchange of structured care 

summaries among providers using various EHR technologies. Stage 3 requirements are 

anticipated to emphasize the ability to exchange clinical information securely across institutions 

and providers.10 The emphasis on interoperability and sharing among EHR systems has 

promoted the use of standards such as HL7, LOINC, and SNOMED CT—which facilitate sharing 

information across institutions and EHR technologies—and has fostered creation of 

mechanisms to share clinical information electronically between providers including the 

development of health information exchange (HIE) organizations.  

While some HIEs predate the HITECH Act, this federal investment and enhanced provider 

interest in EHR systems provides the foundation for extensive HIE growth. The HITECH Act 

defines the HIE as “an organization that oversees and governs the exchange of health-related 

information among organizations according to nationally recognized standards.”38 HIEs manage 

data collection, mapping, patient matching, and other processes required for exchanging 

clinical information electronically across disparate EHR technologies. Stage 3 of the EHR 

Incentive Program is anticipated to increase providers' engagement with HIEs. Adler-Milstein 

found in a 2012 national survey that 30% of hospitals and 10% of ambulatory clinics participate 

in an HIE,40 and anecdotal evidence suggests continued growth in the number of participating 

hospitals and ambulatory clinics. 
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The widespread adoption of EHR technology, the requirements of Meaningful Use, and the 

establishment of HIEs create new potential for clinical research. Researchers are beginning to 

evaluate the evolving systems to determine whether the information collected and shared 

through HIEs results in an accurate, representative, and comprehensive foundation for clinical 

and epidemiological research activities. For this scoping review, the authors sought information 

on the use of HIEs to support and conduct clinical or epidemiological research.  The objective of 

this study was to identify published studies that describe the use of HIEs as a data source for 

the conduct of clinical research specific to one or more of the following 3 areas: 1) clinical or 

epidemiological research including randomized clinical trials or observational epidemiological 

studies, 2) financial or cost evaluations of HIE use, including changes in administrative 

efficiencies, or 3) utilization of health services, including the evaluation of care-seeking 

patterns.  

Materials and Methods 

The authors used a scoping study methodological framework as described by Arksey and 

O’Malley.43 While similar to a systematic review, there are important differences in that scoping 

reviews address broader questions with less defined parameters, and therefore do not typically 

address specific research questions or evaluate the quality of included studies. 

Literature Search Criteria 

The authors conducted a search of both Medline and ISI Web of Science, to identify US-based 

research studies that relied on HIE data. The initial Medline search strategy used a broad 

approach to identify relevant articles because the terminology related to HIEs and the 
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electronic exchange of health information has changed substantially over the last 10 years. The 

search terms used were “health information exchange,” HIE, HIO, RHIO, “data exchange,” 

“health information organization” and MeSH terms “health information systems” and “medical 

informatics applications.” The search also included the following HIEs: ”Indiana Network for 

Patient Care” which is part of the Indiana Health Information Exchange (IHIE), “Integrated Care 

Collaboration of Central Texas,” “MidSouth e-Health Alliance,” “New York Clinical Information 

Exchange,” and “Wisconsin Health Information Exchange.” These HIEs were mentioned in at 

least one article identified in the search process prior to abstract review. The authors accessed 

ISI Web of Science to identify "gray literature" such as meeting abstracts not appearing in 

Medline, and reviewed the content of 33 issues of the Journal of the American Medical 

Informatics Association (published between July 2011 and March 2014). This journal was 

chosen because it was the only journal that had published several of the articles identified in 

the initial search. Finally, the authors reviewed the citations in the identified articles for other 

potentially relevant articles. 

Study eligibility 

Eligible studies were limited to original research studies that used data from an HIE. HIE 

organizations were defined broadly to include organizations that facilitate exchange of health 

information within a closed network of care or health system, to organizations that facilitate 

exchange across multiple independent institutions. We chose to be most inclusive to capture as 

many of the organizations self-identifying as HIEs as possible. We did not restrict eligibility 

based on organizational structure, so included both for profit and non-profit, government-

based, or health care provider-based HIEs. We also did not restrict our definition of HIEs based 
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on their technology such as maintaining a centralized data repository or master patient index. It 

is possible for HIEs to participate in research without maintaining a centralized data repository 

as they could provide data to a clinical researcher real-time which the clinical researcher 

maintains for later analysis. For example, a researcher studying the impact of a clinical 

intervention on diabetics could partner with an HIE to send copies of A1C test results for 

patients enrolled in the study to the researcher as well as the ordering physician.  

We excluded networks of health care providers who partnered specifically to share EHR data 

for research rather than to support the delivery of healthcare. Two such examples of excluded 

organizations include the Primary (Care) Practices Research Network (PPRNET) managed out of 

the Medical University of South Carolina (creates multi-provider data sets that members can 

use to conduct clinical research)45 and the National Institutes of Health funded Clinical and 

Translational Science Awards Accrual to Clinical Trials (CTSA ACT) program (facilitates the 

identification and recruitment of clinical trial participants using EHR data).29 

We restricted specific studies that used HIE data for 1) clinical or epidemiological research 

including randomized clinical trials or observational epidemiological studies; 2) financial or cost 

evaluations of HIE use, including assessment or changes in the cost of health care or changed 

administrative efficiencies, or 3) utilization of health services, including the evaluation of 

patient care-seeking patterns. Eligibility was not restricted to research HIEs. Included studies 

could have addressed any broad research topic or question or they could have been done with 

the primary purpose of evaluating the use and impact of HIEs such as whether HIEs improved 

care, changed outcomes, improved costs, or changed the amount or type of care received. 
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Studies with research questions outside of the evaluation of HIEs themselves were sought. 

Research objectives explicitly focused on the evaluation of HIEs are categorized as HIE-specific 

research objectives and labeled as such in Table 2.1. The review included articles published 

during the 10 year period January 2003 to March 2014, thereby ensuring we identified 

publications that covered the initial development years of HIEs while recognizing that much of 

the HIE expansion has occurred in the recent past due to significant federal investment. 

Studies were excluded if their primary purpose was to describe how or why an HIE should be 

implemented. This resulted in a large number of studies being excluded for any of the following 

four reasons: 1) implementation related topics (e.g., how HIEs are developing, their current 

status, and justification for establishing HIEs); 2) the validity of HIEs for managing or sharing 

clinical information; 3) physicians' or providers' support and awareness of HIEs, or 4) 

consumers' support and engagement in HIEs. Articles published prior to 2003, in a language 

other than English, conducted outside of the United States, or lacking an abstract were also 

excluded. Initial inclusion criteria were tested by a second reviewer (MJR) and iterative changes 

made until the reviewers agreed upon a final set of criteria. Two abstractors (CP, MJR) then 

independently reviewed studies for relevance.  The final list meeting inclusion criteria was 

determined after a consensus meeting. 

Each article that met eligibility criteria was categorized according to the type of research 

(clinical or epidemiological research, financial/cost evaluation, or utilization of health services), 

and research design (quasi-experimental, retrospective or prospective cohort, cross-sectional, 
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case-cohort, or randomized control trial). HIE-specific research objectives and conclusions were 

reported by article.  

Results 

The search resulted in 847 initial matches (Figure 2.1). Removing duplicate entries reduced the 

number to 607. Next, removing articles without an abstract, or published prior to 2003, 

reduced the number to 494. Upon review of the 494 abstracts, the authors excluded 466 

articles because they were either conducted outside the United States (n= 70) or addressed a 

topic that was excluded from this review: these were implementation-related topics (n= 320), 

the validity of HIEs for managing or sharing clinical information (n=39), physicians' or providers' 

support and awareness (n= 26), and consumers' support and engagement (n= 11). The authors 

screened the full text of the remaining 28 articles and excluded an additional 10 articles 

because they did not include data from an HIE (n= 7), or they met at least one exclusion 

criterion, such as addressing an implementation topic. The remaining 18 articles were deemed 

the final eligible articles and are summarized in Table 2.1. As noted earlier in the Materials and 

Methods section, we did not evaluate the quality and methodology of the included studies. We 

also did not evaluate their findings or conclusions. As such, research objectives and conclusions 

presented in Table 2.1 are based on those published in the original manuscripts. 

Of particular interest to the authors was to assess whether HIE data was being used for 

research unrelated to the evaluation of the use and impact of HIEs. Of the eighteen included 

articles, only two met our inclusion criteria as clinical or epidemiological research, financial or 

cost evaluations, or utilization of health services using HIE data without a research objective 
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FIGURE 2.1: SUMMARY OF SEARCH PROCESS 
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specific to HIE use. 31,33 The remaining 16 articles met the criteria within the context of 

evaluating the use and impact of HIEs such as whether HIEs improved care, changed outcomes, 

improved costs, or changed the amount or type of care received. 

There was considerable overlap among the 18 articles in terms of the three research categories 

that they addressed: 15 studies addressed a clinical or epidemiological research question, 6 

addressed a financial consideration, and 8 addressed a utilization issue. In Table 2.1, articles are 

presented by category in the following order: 1) clinical or epidemiological research only (n=5); 

2) clinical or epidemiological, and utilization (n=7); 3) clinical or epidemiological, utilization, and 

financial considerations (n=5); and 4) financial and utilization (n=1). No articles were 

categorized in the three remaining possible categories: financial only, utilization only and 

clinical or epidemiological and financial. Within each grouping, articles are organized with the 

most recent publication first and then alphabetically for publications within the same 

publication year. As noted previously, study research objectives that addressed HIE use and its 

impact were categorized as HIE-specific objectives and labeled as such in Table 2.1. Similarly, 

study conclusions that were specifically related to HIE use are included in the last column of 

Table 2.1, titled HIE-Specific Conclusions.  

The included articles represent partnerships with a limited number of HIEs, primarily the IHIE 

through its Indiana Network for Patient Care, which serves as the HIE partner for 7 of the 18 

studies.31,33,35-37,46,47 New York Clinical Information Exchange32,48,49 and MidSouth e-Health 

Alliance50-52 were both the HIE partner for three articles. The remaining HIE partners were 

Louisiana Public Health Information Exchange,53 Carolina e-Health Alliance,54,55 Integrated Care 
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Collaboration of Central Texas56 and Wisconsin Health Information Exchange.47 Finally, one 

article used health information exchange (HIE) participation information from the Health 

Information Management Systems Society (HIMSS).57    

Among the 5 articles that used HIE data to study a clinical or epidemiological research question 

only,31,35-37,46  one study validated an automated search method that could be used to identify 

adverse events resulting from the implantation of a medical device.35  Two others focused on 

methicillin-resistant Staphylococcus aureus (MRSA) and evaluated whether infected patients 

seek care at multiple hospitals46 and whether a MRSA prevention strategy was effective (one of 

two studies without HIE-specific research objectives).31 The remaining two studies examined 

whether an HIE is a valid data source for health outcomes and clinical effectiveness research; 

one study specifically addressed whether HIE data was sufficient to determine medication 

adherence;36 the other looked at statin use and control of cholesterol using HIE data.36,37 

Although additional efforts are needed to ensure that HIE data are appropriately coded and 

structured for clinical research, these studies confirmed the validity of the data source and 

described the limitations of using HIE data for identifying target populations,37,46 tracking 

outcomes,35 and establishing interventions.36 

Thirteen of the studies addressed multiple research categories. Seven articles addressed clinical 

or epidemiological and utilization components32,33,48,49,53,54,56 by determining whether using HIE 

data changed how providers deliver health care or improved clinical outcomes or the impact on 

utilization of health services.  One article calculated utilization rates for implantable 

cardioverter-defibrillators using an HIE as one of its data sources.33 This study did not have an 
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HIE-specific research question although it did highlight limitations of using HIE data to calculate 

utilization rates.33 Three of these articles explored utilization in terms of patients’ care-seeking 

behavior;32,48,49 two other studies examined the impact of HIEs on quality measures or clinical 

outcomes such as hospital readmissions.33,53,54 The seventh article examined whether the 

availability of clinical information in an HIE was associated with fewer unnecessary emergency 

department visits and hospitalizations.56 These studies addressed a wide array of topics 

including the utility of HIEs for supporting patient engagement53 and the role of HIE data in 

improving reports of infectious diseases.48 They also confirmed the hypothesis that patients 

frequently seek care from multiple providers and institutions,49 and that HIEs can be useful 

resources for supporting efforts to reduce unnecessary utilization.32 Finally, although one 

article found no impact on clinical outcomes,54 another determined that providers are more 

likely to access HIEs when caring for more complex patients.56 This latter phenomenon could 

introduce the problem of confounding by indication when assessing the value of HIE data to 

reduce unnecessary care.  

Five articles addressed all three categories: clinical or epidemiological, financial, and utilization. 

Three studies52,55,57 evaluated whether the use of an HIE resulted in cost savings by reducing 

admissions, consultations, or diagnostic testing in an emergency department. The two other 

articles50,51 assessed whether the use of an HIE reduced unnecessary imaging and the 

associated costs in emergency departments and whether they also improved adherence to 

clinical guidelines. Specific findings include reduced diagnostic imaging,50,51 improved 

adherence to clinical guidelines,51 reduced consultations and diagnostic testing55 and fewer 

readmissions.52,55 
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The final article combined analysis of financial considerations and utilization of health care 

services to describe an analytic framework for estimating financial consequences of an HIE and 

demonstrating its use in developing pricing policies. The authors used HIE data to create their 

model which concluded that all HIE participating providers had achieved financial gains through 

reductions in unnecessary hospitalizations and repeat emergency department visits.47 

Discussion 

This scoping review found that clinical information electronically exchanged through HIEs is 

being used to a limited extent to support clinical research. Although the number of studies 

meeting the review’s inclusion criteria was small, these studies demonstrate the potential of 

HIEs as a data source for clinical and health services research. The findings of this review 

illustrate the diversity of studies that are possible with data generated from HIEs, including 

focus on various research questions (clinical or epidemiological research topics, financial or cost 

components, and utilization of health care services) and the use of a variety of research designs 

to meet their objectives.  

Our search strategy demonstrated that the majority of published studies about HIEs are limited 

to the discussion of implementation, such as describing how HIEs are developing, their current 

status, and justification for establishing HIEs. The review also demonstrated that much of the 

existing literature addresses the validity of HIEs for managing and sharing clinical information. 

This category of reports typically addresses whether the clinical information shared through an 

HIE is attributed to the correct patient, delivered to the appropriate provider, and displayed to 

the receiving provider accurately. Although articles focusing on validity issues were not 
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included in our review, these studies are important in demonstrating the important and 

necessary stages in the development of functional HIEs. As HIEs mature and become integrated 

parts of the health care industry, the authors anticipate that fewer studies will be published 

that describe or validate the role of HIEs, and more will be focused on how HIEs are used to 

conduct clinical research and improve health services and clinical outcomes. 

Of further note, the mission of the HIE, as discussed by the oversight body, the Office of the 

National Coordinator for Health Information Technology (ONC), does not refer to research or 

any research-related activities.38 The ONC is a division within the U.S. Department of Health and 

Human Services tasked with supporting the meaningful use of EHRs and the development of a 

nationwide health information system. Given the ONC’s role as policymaker and distributor of 

federal grant funds, their description of HIEs is widely referenced. It is important to recognize 

that those organizations that have developed research capabilities have done so under their 

own initiative without ONC direction, encouragement or funding. In addition, while our scoping 

review defined HIE organizations broadly to include organizations that facilitate exchange of 

health information within a closed network of care or health system to organizations that 

facilitate exchange across multiple independent institutions, we excluded networks of health 

care providers and/or interested parties who partnered specifically to share EHR data for 

research rather than to support the delivery of healthcare. While organizations such as the 

Primary (Care) Practices Research Network (PPRNET) managed out of the Medical University of 

South Carolina and the National Institutes of Health funded Clinical and Translational Science 

Awards Accrual to Clinical Trials (CTSA ACT) program are important contributors to the effort to 
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support clinical research using electronically available health care information, our scoping 

review focused on HIE organizations created to facilitate the delivery of health care. 

Partnerships between HIEs and clinical researchers should be beneficial to both researchers and 

HIEs. While this paper is focused on the value of HIEs to clinical researchers, the authors 

hypothesize that the preparation of data for use in clinical research should improve the 

operation and data integrity of the HIE. The authors propose that for HIEs to succeed they need 

to offer more services than point-to-point data exchange which many organizations can 

accomplish through their own electronic health record systems (using for example ONC’s Direct 

protocol or HL7 interfaces). Preparing shared data to support clinical research requires similar 

efforts as preparing data to evaluate outcomes and health care utilization within and across 

organization boundaries. This type of analysis is required in order for health care providers to 

succeed under reimbursement methods emphasizing outcomes and management of care 

episodes. In addition, data preparation for health care analytics could highlight data issues in 

need of further quality improvements by the HIE and its participating providers. For example, 

not all HIEs work with their participating provider organizations to augment data according to 

established standards or terminologies,58 such as mapping locally created codes to LOINC codes 

for diagnostic test results. Appropriate use of standards and terminologies allows for more 

timely and reliable information retrieval and allows data from different provider data sources 

to be combined so as to provide a unique resource for both clinical research and clinical care 

delivery.  Standards and terminologies can improve the speed and accuracy of using HIE data in 

both clinical care and research, and could thereby reduce costs of doing business.37 Preparing 
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data for clinical research drives improvements in data quality and comprehensiveness thus 

benefiting other HIE functions.  

A serious potential concern regarding the use of HIE data for research purposes is that HIE data 

may not have sufficient clinical detail for some research questions and so additional data 

retrieval from individual EHRs or paper-based records may be required.  Some of the studies 

included in this review have elaborated on this challenge. One study demonstrated important 

limitations to using clinical information queried from an established HIE, specifically with 

respect to determining contraindications to medical treatment without a more detailed review 

of the medical record.33 They also noted concerns regarding loss to follow-up, although similar 

challenges exist when using more traditional data collection strategies.33 Another study 

undertaken to evaluate the effectiveness of an intervention for prevention of MRSA found that 

data in the HIE required supplementation with medical-record data, since the HIE data was not 

coded or structured to allow the needed query to be performed.31 

Two recent systematic reviews evaluated the use of HIEs and the impact of HIE use on the 

delivery and quality of health care.34,59 Both reviews consequently only included research 

studies that directly addressed the use and impact of HIEs on clinical care. The scope of these 

two systematic reviews therefore differ from our review which included studies that used HIE 

data to address a specific research question (i.e., clinical or epidemiological research, financial 

or cost evaluations, or utilization of health services) unrelated to the evaluation of HIEs per se. 

However, despite our different focus, the majority of the studies included in our review also 

included an objective related to the evaluation of the HIEs in terms of their use and impact on 
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clinical care. Rudin and colleagues34 noted that few HIEs have been evaluated for their impact 

on health care outcomes which is consistent with our findings.  Their review concluded that HIE 

use probably reduced emergency department use, but limitations in the data precluded 

drawing conclusions about care delivered in other settings.34 Rahurkar and colleagues identified 

27 articles that assessed how HIEs affected cost, service use, and quality of health care but 

because only a few (n=6) studies had strong internal validity they concluded that “ little 

generalizable evidence currently exists regarding benefits attributable to HIEs.”59 

The strengths of this study include the use of a scoping review method. The authors chose to 

explore the research available on this topic in recognition of the relatively recent developments 

in HIE implementation. Articles were not evaluated regarding the quality or soundness of 

research design, methods, findings or conclusions. The results are categorized and presented as 

originally published. The scoping review approach allows for an open and flexible search 

process designed to identify as many eligible articles as possible, and so provides a broad 

understanding of the current state of HIE involvement in clinical research. 

We also note some limitations. Although we engaged in a broad and inclusive literature search, 

we acknowledge that our search might have missed some studies that involved a HIE. For 

research targeting certain kinds of HIEs, such as those built around an individual health system 

or a closed network of care, publications may reference the network as the data source without 

identifying that the providers share data through an HIE. In contrast, community-based HIEs are 

designed to allow exchange of clinical information among providers across networks and are 
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therefore more likely to be identified as the data source when research crosses multiple 

networks. 

With respect to future research directions and priorities, more research is required to 

determine the extent and roles of using information from an HIE for clinical research. 

Identifying barriers at both the HIE and health care provider level is required to more effectively 

resolve these challenges. Priority areas for future study are many and include validation of 

whether the clinical information in an HIE is representative of a definable underlying target 

population; how providers participating in an HIE are similar to, or different from, providers not 

participating (i.e., selection bias); whether providers participating in an HIE care for patients in a 

manner similar to providers not participating; how HIE structure, network, and business 

practices affect the quality and comprehensiveness of the data; how HIE structure, network, 

and business practices influence whether and how the data are available to researchers; and 

whether the HIE is identified as the data source in published research. Finally, this article 

focuses on challenges unique to HIEs and does not address broader challenges related to the 

secondary use of health information, where additional research is needed to resolve associated 

privacy, security, technical, ethical and social challenges.26,27  Supporting clinical research and 

providing data to researchers require HIEs to develop appropriate technological and 

administrative infrastructure, policies, and procedures, including privacy and security 

protections, business case, partners' support, and mechanisms to manage the research process 

among the multiple levels of the organization, research partners, and individual staff.  For 

example, HIEs are designed to support clinical care delivery, whereby clinical data are typically 

accessed one patient at a time. Researchers often want to query data about multiple patients 
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who meet their inclusion criteria, requiring the HIE to invest in technological enhancements to 

allow this type of query. In addition, most HIEs do not have the technology to support natural 

language processing, which is required to extract useful information from the textual data in 

medical records. Due to the required investments, the articles included in this review represent 

institutional partnerships with a small number of HIEs; the IHIE through its Indiana Network for 

Patient Care provided data for 7 of the 18 studies. As noted previously, HIEs that developed a 

clinical research infrastructure did so at their own initiative and without federal direction or 

financial support. The authors were unable to identify any published articles that detailed the 

technological and organizational development required to facilitate the use of HIE data for 

research purposes. While the authors recognize that a handful of more established HIEs have 

such an infrastructure, this may not be true for most. The majority appears to have no publicly 

stated policies or procedures in place related to data access and use of HIE data for clinical 

research. Our experience is that HIEs’ data exchange agreements do not typically address the 

use of data for clinical research and therefore would require additional accommodations for 

uses beyond treatment, payment, and clinical operations. The authors’ communications with 

HIEs have indicated that even organizations with some experience in clinical research often 

require researchers to seek individual provider consent for data use specific to each research 

project. In addition, the authors have found those HIEs who have the capability to support 

clinical research also request significant fees for this support. 

Providers participating in HIEs require proven technologies and procedures to ensure that 

clinical data are handled consistently with patients', providers', and government's expectations 

for privacy and security of protected health information.  HIEs prioritize compliance with state 
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and federal rules and regulations related to the use of patient-identifiable information such as 

the privacy and security requirements mandated by the Health Insurance Portability and 

Accountability Act. As a result, they have invested in the necessary expertise and systems to 

ensure security of health information and protections for patient privacy. Engagement in 

research will require HIEs to develop expertise and systems for monitoring compliance with 

rules and regulations specific to human subjects research. Finally, HIEs will need to develop new 

business partnerships to support their research participation, including honest broker 

organizations that could provide de-identified data to researchers on behalf of the HIE. Honest 

broker organizations may also incorporate and maintain linkage codes if patient re-

identification is required, and can manage these inquiries to protect patient privacy. Analysis of 

a national survey of HIEs, the fifth survey by the Adler-Milstein research team that was 

expanded to include questions related to research capacity and associated barriers, is 

underway.40 Although partnerships between HIEs and clinical researchers represent a major 

opportunity to advance clinical and health services research, much work remains.  We 

recommend that data exchange agreements include reference to the use of the HIE data for 

research, and facilitate research whenever possible and reasonable.  

Conclusion 

Given the increasing participation by providers across the health care continuum in HIEs, these 

entities represent a tremendous opportunity to broaden the involvement of clinical HIE data for 

research purposes. Although some health care providers participating in HIEs are those that 

would traditionally participate in clinical research, such as academic medical centers, many are 

organizations that joined HIEs solely to support their health care delivery roles including 
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community-based hospitals, private physician practices, urgent care centers, home health 

agencies, and nursing homes. HIEs therefore represent an opportunity to engage health care 

providers who traditionally would not have participated in clinical research. While additional 

efforts to overcome challenges associated with HIE data are required, great potential exists to 

improve the timeliness and scope of research and to reduce the cost of conducting clinical 

research through the effective development of infrastructure and policies to facilitate and 

support research using HIE data. 
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TABLE 2.1 - SUMMARY OF ELIGIBLE STUDIES AND CONCLUSIONS 

First 

Author, 

Year  

Research 

Design 

Research 

Category 

Research 

Objective(s) 

Specific to 

HIE Use 

HIE-Specific Research 

Objective(s) 

HIE-Specific Conclusion(s) 

as reported by the cited 

Study Author(s) 

C/E
* 

U^ F+ Y/N   

Doebbeling 

201327 

Quasi-

experimental 

X   N Study objective was to 

evaluate a MRSA** 

prevention strategy. 

HIE data required 

supplementation from 

participating hospitals as 

some data was not 

appropriately coded or 

structured. 

Ballard 

201231 

Retrospective 

cohort 

X   Y Determine accuracy of an 

automated search of HIE 

data identified surgeries 

meeting study criteria 

including those that 

involved complications. 

Automated search method 

was valid and its use may 

facilitate tracking device-

related adverse events.  

Zhu 201132  Retrospective 

cohort 

X   Y To determine if 

medication adherence 

can be assessed using HIE 

data. 

Findings support 

establishment of 

interventions to assess 

medication adherence 

using HIE data. 

Zhu 201033  Retrospective 

cohort 

X   Y To determine whether 

HIE data could be used to 

study the association 

between patient low-

density lipoprotein (LDL) 

control and statin 

adherence. 

Proportion of medication 

adherent patients and 

patients with optimal LDL 

control were lower in the 

HIE-identified population, 

perhaps reflecting "real-

world" settings. 

Kho 200843 Retrospective 

cohort 

X   Y To determine whether 

patients with MRSA** 

who travel between 

hospitals are identified as 

MRSA**-positive. 

HIE data could hasten 

identification of known 

MRSA** patients in 

communities with multiple 

hospitals. 

Hoang 

201429 

Cross-

sectional 

X X  N Study objective was to 

determine utilization 

rates for implantable 

cardioverter-defribillators 

for primary prevention of 

sudden cardiac death.  

Identified limitations 

calculating utilization rates 

from HIE data alone. 

Magnus 

201250 

Case-cohort X X  Y Describe the human 

immunodeficiency virus 

(HIV) patients identified 

by HIE as out of care and 

assess intervention 

outcomes. 

An HIE informed 

intervention can facilitate 

care utilization for HIV-

infected persons not in 

specialty HIV care. 
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TABLE 2.1 (con’t) 

Onyile 

201146 

Retrospective 

cohort 

X X  Y Determine the relationship 

between certain disease 

conditions and the 

likelihood of seeking care at 

more than one provider 

location using HIE data. 

Patients with certain 

disease conditions 

(primarily psychiatric or 

drug/alcohol related) 

were disproportionately 

more likely to visit 

multiple health care 

delivery sites.  

Shapiro 

201128 

Cross-sectional X X  Y Validate the use of HIE data 

to measure returns to 

emergency departments 

within 72 hours across 

multiple institutions. 

With additional data 

cleanup, using HIE data 

allowed more accurate 

evaluation of emergency 

department returns 

within 72 hours across 

multiple institutions. 

Proeschold-

Bell 201051  

Randomized 

Control Trial 

X X  Y Examine the effect of HIE 

participation between 

multi-disciplinary HIV care 

providers on patient health 

outcomes.  

Exchange of relevant 

clinical information 

between HIV medical 

providers and ancillary 

care providers did not 

affect clinical outcomes. 

Shapiro 

201045 

Cross-sectional X X  Y Demonstrate the utility of 

an HIE in documenting care-

seeking behavior in New 

York City during the H1N1 

outbreak. 

HIE participation 

improved outbreak 

reporting with all HIE 

participating hospitals 

reporting data for each 

day of the study. 

Vest 200853 Cross-sectional X X  Y Assess whether HIE 

information access reduces 

emergency-department 

visits and hospitalizations 

for ambulatory care-

sensitive conditions among 

indigent adults. 

HIE was significantly 

more likely to be 

accessed for higher-risk 

patients; HIE access was 

associated with 

increases in health care 

utilization. 

Carr 201452 Observational, 

prospective 

X X X Y Estimate savings from 

avoidance of unnecessary 

services or diagnostic 

testing; assess length of 

stay and quality of care 

associated with HIE data 

availability to treating 

clinicians. 

Using the HIE resulted in 

cost savings from 

avoided unnecessary 

services. Providers 

perceived improvements 

in quality of care, and 

time savings. Data were 

insufficient to evaluate 

timing of access on 

length of stay. 
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TABLE 2.1 (con’t) 

Lammers 

201454 

Retrospective 

cohort 

X X X Y Assess whether use of HIE 

reduces duplicate imaging 

in HIE participating 

emergency departments. 

HIE use was associated 

with reductions in 

repeat imaging tests in 

the emergency 

department. 

Bailey 201347  Retrospective 

cohort 

X X X Y Determine whether 

accessing HIE data reduces 

duplicate diagnostic 

imaging and associated 

costs in repeated back pain 

evaluation in emergency 

departments. 

While use of HIE was 

low, use was associated 

with reduced duplicate 

diagnostic imaging. 

Authors were unable to 

demonstrate cost 

savings from reduction 

in duplicative imaging. 

Bailey 201248  Retrospective 

cohort 

X X X Y Determine whether 

accessing HIE data reduces 

potentially unnecessary 

neuroimaging, decreases 

costs, and increases 

evidence-based guidelines 

adherence in headache 

evaluation in emergency 

departments. 

Although use of HIE was 

low, use was associated 

with reduced diagnostic 

neuroimaging and 

increased evidence-

based guidelines 

adherence. Staff use 

accounted for majority 

of HIE access and larger 

cost savings. 

Frisse 201249 Retrospective 

cohort 

X X X Y Examine financial impact 

of HIE use in emergency 

departments. 

HIE access was 

associated with a 

decrease in hospital 

admissions and the 

associated costs.  

Sridhar 

201244 

Retrospective 

cohort 

 X X Y Describe an analytic 

framework for estimating 

financial consequences of 

an HIE and demonstrating 

its use in developing 

pricing policies. The 

authors used HIE data to 

create the model. 

According to the model, 

all providers and payers 

saw financial gains for 

participating in an HIE 

especially for providers 

with more patients 

insured by health 

maintenance 

organizations, largely 

due to reduced 

unnecessary 

hospitalizations and 

avoided repeat 

emergency department 

visits. 
 

*C/E indicates a study that addresses a clinical or epidemiological question. 
^U indicates a study that addresses utilization of health services including care seeking patterns. 
+F indicates a study that includes financial considerations such as reduction in costs or improved administrative efficiencies. 
**MRSA is methicillin-resistant Staphylococcus aureus, a bacterium resistant to many antibiotics and that can cause life-threatening 

bloodstream infections, pneumonia, and surgical-site infections in institutionalized patients. http://www.cdc.gov/mrsa/. Accessed May 29, 

2014. 
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Introduction to the Chapter 

The results of the scoping review presented in Chapter 2 quantified the status of HIO 

involvement in published research and confirmed the usefulness of determining current and 

planned development of this capacity. As part of the literature review for the scoping review, I 

contacted researchers with known involvement in the HIO industry including Julia Adler-

Milstein (University of Michigan) who offered to include questions in a national survey of HIOs 

to further explore the characteristics of HIOs supporting research versus those that do not to 

identify barriers and best practices. The national survey described in this chapter builds upon 

the results of the scoping review and my experience as the Executive Director for Great Lakes 

Health Information Exchange (GLHIE). Michigan State University and the University of Michigan, 

both key member organizations of GLHIE, encouraged the development of the capacity 

necessary to support research. As the Executive Director, I spent a significant amount of time 

researching what would be required and started the process to create the necessary 

infrastructure. My investigation involved discussions with researchers, software vendors and 

other HIOs. The research-specific questions in the survey are based on my experience and 

expertise as Executive Director of GLHIE with advice and counsel from the other authors and 

were designed to add context to the results of the scoping review. We sought to determine the 

proportion of HIOs that are or plan to support research and describe the characteristics that 

differentiate them from HIOs that do not support research. The following chapter describes the 

implementation and results of the national survey.   
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Abstract 

Objective - To identify and describe Health Information Organizations (HIO) that reported 

current or planned support for research by allowing investigators to use exchanged data. 

Background and Significance - Federal investment spurred HIO development, maturation, and 

third-party approaches to electronic health information exchange across disparate EHR 

technologies, creating opportunities for aggregating health information from multiple medical 

institutions to spur research.  However, whether HIOs have pursued these opportunities or 

invested in specific research capabilities is not known.  

Methods - Using a 2014 national survey of organizations engaged in health information 

exchange, we selected the subset self-identified as “health information organization” (N=64) to 

focus on organizations whose primary mission is data exchange.  The survey asked respondents 

whether they supported research. We compared characteristics of research-supporting HIOs to 

non-research supporting HIOs and described adopted research-specific infrastructure and 

policies. 

Results - Fifteen (23%) of the 64 HIOs reported supporting research, 30 (47%) planning to 

support research, and 19 (30%) did not support research. The 45 research-supporting HIOs 

were more likely than non-research supporting HIOs to offer functionality allowing users to 

query and retrieve data from multiple sources (93% vs. 72%, p=0.03), provide master patient 

indices (84% vs. 58%, p=0.08), provide clinical data repositories (82% vs. 47%, p<0.001), or 

provide data to participating networks and providers for their own analysis (49% vs. 26%, 



45 

p=0.09). The infrastructure elements most widely adopted by research-supporting HIOs were 

the ability to create multi-institution datasets (89%) and de-identified datasets (84%). 

Discussion - The majority of HIOs reported investing in support for research, with advanced 

technological infrastructure and functionalities that can foster healthcare delivery reform.  

Given current challenges creating comprehensive longitudinal patient data sources for 

research, HIOs could fill an important niche. 

Conclusion - With further study to validate these results, HIOs support for research could 

potentially promote additional value for third-party approaches to health information 

exchange.  



46 

Background and Significance 

In addition to encouraging increased use of electronic health record (EHR) technology, the 2009 

Health Information Technology for Economic and Clinical Health (HITECH) Act10 emphasized the 

ability to exchange health information across health care providers. In March 2010, the Office 

of the National Coordinator for Health Information Technology (ONC) awarded State Health 

Information Exchange Cooperative Agreements grants to 56 states, territories and State 

Designated Entities, “to rapidly build capacity for exchanging health information across the 

health care system both within and across states.”7 This federal investment spurred the 

development and maturation of health information exchange organizations (HIOs), which offer 

third-party approaches to enable electronic health information exchange across disparate EHR 

technologies. The number of operational HIOs has grown steadily, from 32 in 2007 to 119 in 

2012.40,60 In parallel, medical institutions’ participation in exchange has grown, with 11% of 

hospitals reporting engaging in exchange with unaffiliated providers in 201119, increasing to 

30% in 2014.20 

The explosion of EHR implementation and growth of HIOs create opportunities for aggregating 

clinical data to support research.  Much research has been published with EHR data as the 

primary data source, and researchers continue their efforts to evaluate the use of EHR data for 

research, develop tools and methods to address their limitations, and create guidance for EHR 

developers to incorporate necessary functionality for research in EHR systems.25-28,61 A key 

challenge with using EHR data for research, however, is that the data needed to track care 

episodes are often distributed among multiple EHR systems, such that multiple systems need to 

be accessed to track episodes accurately.  In contrast, HIOs can provide a mechanism to 
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aggregate electronic health information across multiple medical institutions with diverse EHR 

platforms. Additionally, as institutional providers join HIOs to support direct patient care, HIOs 

have an opportunity to foster research by supporting functions needed for research and 

engaging institutions that traditionally would not have provided data to support research, 

including many community-based hospitals, physicians’ private practices, urgent care centers, 

home health agencies, rehabilitation facilities, and nursing homes. 

However, leveraging HIOs for research comes with challenges common to sharing data across 

distinct institutions, as well as unique issues specific to the use of exchanged data for research. 

To exchange health information electronically, HIOs must accurately identify the patient and 

health care provider receiving the information, transmit the information according to 

recognized industry standards regardless of the sending and receiving EHR technology, and 

ensure appropriate safeguards for the privacy and security of the protected health information 

throughout the process. Leveraging HIOs for research requires additional functionality, 

including the ability to create datasets of multiple patients across multiple institutions with 

differing data structures; to incorporate data standardization strategies that provide consistent 

representation of data among institutions; to de-identify health information when requested by 

data providers; to implement policies assuring appropriate use of data for research; and to 

create a governance model to review, approve, and monitor research requests.  A recent 

systematic review of HIO research support found that only seven HIOs were involved in 

published research that used HIO data to address a specific research question.62 Two other 

recent systematic reviews that assessed use and impact of HIOs on the delivery and quality of 

health care found similar results: only a limited number of HIOs supported research beyond the 



48 

direct evaluation of the impact of exchanging data on clinical outcomes (e.g., reductions in 

redundant testing).34,59 These studies suggest that the research potential of HIOs has yet to be 

fully realized and points to the importance of ongoing assessment of the research capabilities of 

HIOs. 

An assessment of the degree to which HIOs are willing and able to support research can serve 

to inform policymakers concerned with the development and sustainability of health 

information exchange.  Promoting research using digital health data is an important policy 

priority.  In addition, HIOs’ involvement in research could serve as a pathway to their own 

sustainability, via the inclusion of important, multi-purpose functionalities that increase the 

HIOs’ value to a diverse array of customers.  Insights into how HIOs are supporting research also 

serve to inform development efforts of other HIOs that are planning to or considering 

supporting research. 

Objectives 

The objectives of this study are to assess the extent to which HIOs report supporting research 

using data from the most recent national survey of HIOs, identify characteristics that 

differentiate HIOs that report supporting research from those that do not, and describe the 

specific infrastructure and policies used by HIOs that report supporting research.39 We defined 

an HIO as supporting research if it allows exchanged clinical data to be aggregated and used for 

clinical, health services, or epidemiologic research.  Using this definition, we determined the 

proportion of HIOs that reported that they support, or plan to support, research, and then 

identify the characteristics that differentiate them from HIOs that reported that they did not 
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support research and had no plan to do so.  We examined three types of characteristics: 

organizational factors (e.g., duration of operation), functional capabilities (e.g., types of 

information exchange that they support), and whether and how they support health care 

system reform (e.g., providing technical infrastructure). Finally, we described among research-

supporting HIOs the extent to which they have in place any of 15 types of infrastructure and 

policies that specifically facilitate research (e.g., data use agreements allowing use of HIO data 

for research). Although the cross-sectional nature of the survey data does not inform 

assessment of causality, we hypothesized that HIOs reporting support for research would have 

advanced technological infrastructure and functionalities as well as more developed 

organizational infrastructure compared to non-research supporting HIOs. 

Methods 

We used data from a 2015 national survey of organizations that support clinical data exchange 

between independent entities. This ongoing national survey has been conducted five times 

between 2007 and 2015, with a high response rate (80% in the 2015 survey).40-42 Full 

methodological details of the most recent (2015) survey, conducted between December 2014 

and April 2015, have been described elsewhere.39  The survey was sent to the Executive 

Directors of organizations identified as supporting health information exchange, including all 

organizations from the four previous surveys, through online survey software.  New 

organizations supporting health information exchange that emerged after 2012 were identified 

using Web searches as well as personal references and contacts. Consistent with previous 

iterations of the survey, health information exchange networks created by EHR vendors, such 

as Epic’s CareEverywhere63 and CommonWell Health Alliance64, were excluded. 
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The survey instrument included screening questions to ensure that the respondents met the 

definition of an HIO; inclusion criteria included facilitating or planning to facilitate, the 

exchange of clinical data among entities with no shared financial or governance structure.39 The 

2015 survey included questions designed to determine how many organizations support health 

information exchange in the US, how many hospitals and physicians’ practices participate in 

health information exchange, the type of exchange occurring, and challenges to sustainability 

and development. It also included a new set of questions designed to characterize involvement 

in research. These questions included introductory text that defined research as “any 

investigation or analysis to address a specific question regarding patient or population health 

that is not part of the data exchange mission of the health information exchange effort, and is 

not used to support treatment/payment/operations/quality improvements.” We also provided 

the following examples of research: “determining the use and effectiveness of a clinical 

treatment or intervention, or describing disparities and trends in the utilization of health 

services.”  For organizations responding that they support or plan to support research, 

additional questions determined the level of participation in research, existing restrictions 

related to their participation in research, and capacity to support researchers. Organizations 

indicating that they do not plan to support research were not asked the questions related to 

research. Respondents were not required to answer questions related to their support for 

research in order to proceed with the remainder of the survey. 

We pilot tested the instrument with five potential respondents to ensure that the questions 

were clear, and modified the survey instrument based on their feedback. The survey instrument 

is available upon request.  Non-respondents were contacted and provided with alternate 
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methods to participate, including a telephone interview or paper-based questionnaire. 

Respondents received a $50 gift card as an incentive to complete the survey. The survey team 

attempted follow-up with individual organizations, to correct or clarify any apparent errors or 

inconsistencies in responses. 

Of the 127 organizations that participated in the survey, 64 (50%) classified their organization 

as a HIO. Respondents were able to select multiple organizational types, including HIO, state 

government, state Medicaid agency, healthcare delivery organization, and academic institution. 

We limited our analyses to organizations that self-identified as HIOs, because we were 

interested in organizations whose primary mission is exchange of health information.  We 

included any respondent that selected HIO regardless of whether it was the sole selection or 

one of many. 

We created a dichotomous outcome variable that combined the HIOs that reported supporting 

or planning to support research using the exchanged clinical data compared to those HIOs that 

reported that they did not support research. We then compared 20 characteristics between 

those HIOs that did (or plan to) support research to those that did not.  We selected these 20 

characteristics based on the authors’ knowledge (CP, JAM, MW) of the resources and 

functionalities required for an HIO to support research.  This knowledge was enhanced by 

discussions with researchers, software vendors and HIO directors. We grouped measures into 

three categories: organizational characteristics, functional capabilities, and support for health 

care delivery system reform (Table 3.1).  There were four organizational characteristics: 

business structure (independent, operating within another organization, or other), duration of 
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operation (fewer than five years, or five or more years), whether they allow competing entities 

to participate (yes/no), and whether participating organizations cover organizational expenses 

(yes/no).  We hypothesized that five years was a reasonable estimate for organizational 

maturity and stability that would allow HIOs to pursue more advanced uses of data, including 

research. 

The seven functional capabilities variables were designed to describe the different types of 

exchange that the HIOs supported such as whether the HIO provides a clinical data repository 

or supports data level interoperability. The characteristics of support for reforming healthcare 

delivery were derived from questions that asked about whether efforts to reform health care 

delivery (e.g., Medicare or commercial accountable care organizations [ACO], Patient Centered 

Medical Homes [PCMH], or other) were supported and, if so, what types of support were 

provided (e.g., providing technical infrastructure). Based on these questions, we created eight 

dichotomous measures. The final measure in this category was whether the HIO can use 

exchanged data to profile providers on metrics of cost or quality. 

For the subset of HIOs supporting or planning to support research using exchanged clinical data, 

we created a dichotomous variable indicating current vs. planned. We then compared the 

characteristics of these two groups using 15 measures that describe the infrastructure and 

policies in place to support research (see Table 3.2). We considered responses of “unsure” to 

be “no.” 

We first compared the frequencies of the three types of characteristics (organizational 

demographics, functional capabilities, and support for delivery system reform), between HIOs 
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currently supporting, or planning to support, research, and HIOs that do not support research 

or plan to do so, using chi-square tests (given the small sample size of the survey we considered 

p≤0.1 to be statistically significant). Similarly, among the subset of research-supporting 

organizations, we compared the frequencies of the 15 types of research-specific infrastructures 

and processes using X2 analysis. 

Results 

Fifteen (23%) of the HIOs reported currently supporting research, 30 (47%) reported that they 

do not currently support research but plan to do so in the future, and the remaining 19 HIOs 

(30%) do not currently support research and have no plans to do so, or are unsure of their 

future plans regarding research. 

Organizational, Functional, and Delivery System Reform Support Characteristics 

Table 3.1 displays organizational characteristics, differences in functionality, and support for 

delivery system reform efforts, for the 64 HIOs based on their involvement in research.  
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TABLE 3.1 - ORGANIZATIONAL, FUNCTIONAL, AND DELIVERY-SYSTEM REFORM SUPPORT 

CHARACTERISTICS OF HEALTH INFORMATION ORGANIZATIONS (HIOS) 

Characteristic n 

Number 

(percentage) 

responding, 

“Yes” 

Supporting 

research, 

or planning 

to do so 

Not 

supporting 

research p 

Total number of organizations 64 64 (100) 45 (70) 19 (30)  

       

Organizational Demographics       

Independent Organization 64 53 (83) 38 (84) 15 (79) 0.5943 

Multiple competing entities can 

participate 64 36 (56) 27 (60) 9 (47) 0.3520 

Duration of operation ≥5 years 59 35 (59) 23 (56) 12 (67) 0.4500 

Participants cover 100% of operating 

expenses 64 39 (61) 25 (56) 14 (74) 0.1744 

        

Functionalities       

Currently provides master patient index* 64 49 (77) 38 (84) 11 (58) 0.0220 

Currently provides clinical data 

repository* 64 46 (72) 37 (82) 9 (47) 0.0046 

Query retrieves data from multiple other 

sources* 60 52 (87) 39 (93) 13 (72) 0.0312 

Unidirectional messaging into electronic 

health record 60 53 (88) 36 (88) 17 (90) 0.8514 

Unidirectional messaging into an inbox 

outside an electronic health record system 56 56 (100) 39 (91) 17 (90) 0.8805 

Supports data level interoperability 63 52 (83) 37 (84) 15 (79) 0.6216 

Currently provides provider directory 64 38 (59) 29 (64) 9 (47) 0.2038 

        

Delivery System Reform Support Capacity        

Provides technical infrastructure to 

support delivery-system reform* 64 31 (48) 25 (56) 6 (32) 0.0795 

Provides data to networks or providers for 

their analysis* 64 27 (42) 22 (49) 5 (26) 0.0948 

Supports Accountable Care Organizations 57 40 (70) 29 (74) 11 (61) 0.3095 

Supports Patient-Centered Medical Home 55 39 (71) 29 (76) 10 (59) 0.1869 

Integrates data from multiple sources 64 36 (56) 26 (58) 10 (53) 0.7046 

Performs analytics 64 23 (36) 18 (40) 5 (26) 0.2972 

Provides consulting on design or 

operations 64 20 (31) 15 (33) 5 (26) 0.5800 

Incorporates technology and workflow 

redesign 64 30 (47) 22 (49) 8 (42) 0.6193 

Can profile providers about cost or quality 

metrics 64 24 (38) 15 (33) 9 (47) 0.2893 

* p<0.1.          
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The 64 HIOs have similar organizational characteristics. Most (83%) are independent 

organizations, more than half (56%) allow multiple competing entities to participate in the HIO, 

more than half (59%) have been in operation for at least five years, and almost two-thirds (61%) 

indicated that their participants collectively cover 100% of their operating expenses. 

The two groups demonstrated statistically significant differences in three functional 

capabilities, with research-supporting organizations more likely to provide a master patient 

index (84% vs. 58%, p=0.02), a clinical data repository (82% vs. 47%, p≤0.001), and the ability to 

query data from multiple other sources (93% vs. 72%, p=0.03). The remaining four functional 

capability measures did not differ between the two groups. 

HIOs supporting research were also more likely to support delivery system reform efforts such 

as PCMH and ACO, by providing technical infrastructure (56% vs. 32%, p=0.08) and by providing 

data to networks/providers for their analysis (49% vs. 26%, p=0.09).  The remaining seven 

delivery system reform measures did not differ statistically between the two groups. 

Research Infrastructure 

When we examined the research-specific infrastructure and policies in place within research-

supporting HIOs, we found that some were widely adopted and others were not. Table 3.2 

shows specific policies and technical infrastructure capabilities between the 15 HIOs currently 

supporting research, compared to 30 HIOs planning to support research but not currently doing 

so.  Between the two groups, the most widely adopted infrastructure element was the ability to 

create multi-institution datasets (89% total; currently supporting, 80%; and planning to support, 

93%, p=0.0702) with HIOs still in the planning phase significantly more likely to report this 
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functionality. Creating de-identified datasets (84% total; currently supporting, 87%; and 

planning to support, 83%, p=0.7985) was second most common and was reported similarly 

between the two groups. The third most common element was incorporating the use of 

exchanged data for research in data use agreements (62% total; currently supporting 93%; and 

TABLE 3.2 - RESEARCH INFRASTRUCTURE FOR HEALTH INFORMATION ORGANIZATIONS 

(HIOS) SUPPORTING, OR PLANNING TO SUPPORT, RESEARCH 

 Characteristic 

Number 

(percentage) 

Responding, 

“Yes” 

Involved 

in 

research  

Planning 

to 

support 

research 

 

 

p 

Number of HIOs by category (denominator for 

percentages)  45 (100) 15 (33) 30 (67)  

 

Creates multi-institution datasets* 40 (89) 12 (80) 28 (93) 0.0702 

Creates de-identified datasets 38 (84) 13 (87) 25 (83) 0.7985 

Data use agreements allow use for research* 28 (62) 14 (93) 14 (47) 0.0023 

Research part of business model, strategic 

priorities or mission* 28 (62) 12 (80) 16 (53) 0.082 

Restricts direct interaction with system to 

employees of HIO or participating providers 28 (62) 9 (60) 19 (63) 0.4739 

Evaluates requests from researchers on case by 

case basis 28 (62) 9 (60) 19 (63) 0.2835 

Policies and procedures in place* 26 (58) 13 (87) 13 (43) 0.0055 

Requires written data use agreement 25 (56) 10 (67) 15 (50) 0.2888 

Permits data to leave the firewall 24 (53) 10 (67) 14 (47) 0.1156 

Creates limited datasets that can be relinked to 

patients with their consent 23 (51) 9 (60) 14 (47) 0.6112 

Requires approval by an Institutional Review 

Board* 21 (47) 10 (67) 11 (37) 0.0572 

Requires approval of research proposal from 

oversight body* 19 (42) 10 (67) 9 (30) 0.0189 

Requires written approval from stakeholders 18 (40) 4 (27) 14 (47) 0.1967 

Restricts access to data for research to 

participating stakeholders 6 (13) 2 (13) 4 (13) 0.2835 

Requires approval from a specific, designated 

Institutional Review Board 4 (8.9) 2 (13) 2 (6.7) 0.4588 

* p<0.1.     
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planning to support 47%; p≤0.001) with HIOs currently supporting research significantly more 

likely to report incorporation into data use agreements.  

The least commonly adopted infrastructure and policies were those related to requiring 

Institutional Review Board (IRB) approval from a specific, previously approved IRB (8.9%), 

restricting access to exchanged data to participating stakeholders (13%), written approval from 

stakeholders to use their data for research (40%), and approval from an oversight body to 

ensure the research protocol is valid and appropriate (42%), although HIOs currently supporting 

research were much more likely to require approval from an oversight body (67% vs 30%; 

p=0.02). 

Discussion 

HIOs can be important partners in research because they are a potential source of clinically 

relevant, cross-institutional clinical information; yet, there is little systematic data about their 

research capabilities. In this study, we found that over 70% of HIOs reported that they currently 

support, or plan to support, research. While less than a quarter (23%) of the 64 HIOs currently 

support research, a significant number of HIOs plan to support research (47%). While we found 

that HIOs that support research did not differ from those that do not in terms of general 

organizational characteristics such as duration of operation and whether the HIO allows 

competing entities to participate, research-supporting HIOs were more likely to have advanced 

functional capabilities, as well as efforts to support reform of healthcare delivery such as the 

development of Accountable Care Organizations and Patient-Centered Medical Homes. Almost 

all of the HIOs supporting or planning to support research reported the ability to create multi-
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institutional and de-identified datasets, both important for research.  Other complementary 

policies and infrastructure were also widely adopted; almost half of HIOs involved in research 

reported having data use agreements that allow the use of clinical information for research, 

and have the necessary policies and procedures in place.  Taken together, our results indicate 

that HIOs report being more involved in research than previously thought,62 and offer advanced 

capabilities that can create value beyond supporting direct data exchange. Since our cross-

sectional data cannot inform conclusions about causality, it is unclear whether an interest in 

supporting research is prompting HIOs to develop these enhanced capabilities, or whether HIOs 

that provided these capabilities for other reasons now recognize the opportunity to maximize 

the use of the capabilities by including support for research. 

Supporting research might provide HIOs with a mechanism to create additional value for 

participating providers and partnering organizations. Health care providers can accomplish 

point-to-point data exchange through their own EHR systems--using, for example, ONC’s Direct 

protocol, or HL7 interfaces directly connecting to data providers such as hospitals and labs--so 

HIOs that can differentiate their role from these other options may be best positioned for 

sustainability. A 2014 systematic review found that measuring value of health information 

exchange was the fifth most cited barrier to implementation of health information exchange in 

the published literature.65 Similarly, prior work based on this national survey found that 64% of 

respondents identified the “lack of agreement on what HIE [health information exchange] 

includes” as the most substantial barrier to progress.39  
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Supporting delivery-system reform models such as PCMH and ACO are examples of added value 

for HIOs. Our survey found that HIOs supporting research also support these reform efforts by 

providing technical infrastructure, integrating data from multiple sources, providing analytical 

support, preparing data for networks to analyze themselves, and providing consultation about 

design or operational approach. PCMHs are certified by The Joint Commission, the accrediting 

organization for hospitals and health care systems, to signify that ambulatory practices meet 

“each patient’s physical and mental health care needs, including prevention and wellness, acute 

care and chronic care” and is “coordinated across the broader health care system.”66 ACOs are 

networks of providers who work together to provide Medicare beneficiaries with coordinated 

care of high quality.67 Supporting delivery-system reform models such as PCMH and ACO 

requires an HIO to have a diverse network of participating institutions that send and receive a 

significant amount of electronic health information, and maintain a robust technical 

infrastructure. Consistent with this, we found that HIOs supporting research, and a significant 

proportion of those planning to support it, can integrate health care data across multiple 

providers, perform health care analytics such as modeling and predictive analytics, and provide 

data to participating providers for their own analysis. 

Supporting research requires high comfort level among participating providers for sharing their 

data with researchers. Medical institutions are stewards of their patients’ health information, 

so HIOs must develop trust with and among their customers, to create appropriate exchange. 

HIOs must demonstrate to their customers that their technologies and procedures ensure that 

clinical data are handled consistently with respect to federally and state-mandated privacy and 

security protections for health information. Developing such trust takes time and, once 
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established, could extend to additional sharing of health care data such as required to support 

research.  Our survey results help to illustrate how this trust can be transformed into policies 

and infrastructure.  Specifically, we found that most HIOs supporting research have invested in 

the implementation of policies and procedures governing research-related activities, have 

created data use agreements that allow the use of exchanged data for research, and have 

established or work with oversight bodies to evaluate research proposals prior to receiving HIO 

support.  This suggests that they are putting in place what is needed to ensure that they can 

enable research in a way that in turn, helps to ensure customers’ trust. 

Some results surprised us.  For example, we anticipated that 100% of the HIOs currently 

supporting research would require IRB approval, but only 46% responded that they did, and 

only 9% indicated that they required documentation from a list of pre-approved IRBs.  It is 

possible that a portion of the HIOs not requiring IRB documentation are at the initial stages of 

supporting research or limit their support to the provision of IRB-exempt, de-identified datasets 

of which almost all the HIOs report the capacity to create. Similarly, the supporting and 

planning-only HIOs differed in terms of whether they required approval from an oversight body, 

with 67% of supporting, HIOs, and 30% of planning HIOs, having such a requirement in place. 

Oversight bodies are useful for reassuring provider organizations contributing health 

information to the HIO that research using their data has a valid foundation and that the 

researchers have provided plans to protect the safety, confidentiality, and privacy of the 

research participants. We suspect that this result reflects a learning curve in which planning-

only HIOs may not yet realize the value of the use of this institutional mechanism to review 

requests for data from researchers. 
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HIOs have an opportunity to complement existing efforts to make EHR data available for 

research. Research is currently ongoing to determine whether the information collected and 

shared through HIOs results in an accurate, representative, and comprehensive foundation for 

clinical and epidemiological research activities.31-37 Even if HIOs are found to be valuable 

research partners but not sufficient as a primary data source for research, the opportunity to 

facilitate aggregation of data across providers could address some of the limitations of current 

partnerships to share EHR data for research. For example, the Clinical and Translational Science 

Awards (CTSA) program that is funded by the National Institutes of Health and based at medical 

research institutions created a network of sites called CTSA Accrual to Clinical Trials, to share 

data and thereby improve recruitment for clinical research studies.29 Similarly, the Patient-

Centered Outcomes Research Institute created the PCORnet, a network that combines data 

available in EHRs with patient-generated data, to support clinical research.30 With appropriate 

measures in place to ensure research participants’ confidentiality, privacy, and informed 

consent, HIOs’ participation in these efforts can greatly expand the number and types of health 

care organizations contributing health care data, and the pool of potential research 

participants, promoting greater generalizability of their findings. 

Our survey has limitations. First, we relied on self-reported data and were not able to verify the 

accuracy of the responses independently. In addition, this was the first time that the survey 

included questions about research.  Further work is required to understand the reliability and 

validity to these survey questions. While the same definitions were provided to all respondents, 

respondents were directors of HIO organizations and may not have had research training or 

experience. As a result, respondents’ interpretations of the questions might have differed. As 
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example of this might be the question related to the IRB; respondents might have been 

uncertain about the nature of an IRB, its purpose, or its requirements, which could have 

contributed to the unexpectedly low number of HIO that reported needing IRB approval.  

Second, given the cross-sectional design it is not possible to know the direction of the 

associations identified – thus we do not know whether these attributes lead to an interest in 

research or vice versa. Third, we used a more liberal definition of statistical significance (p<0.1) 

which in combination with the multiple independent statistical tests could have resulted in an 

increase in type 1 errors. Fourth, consistent with previous iterations of the survey, health 

information exchange networks created by EHR vendors, such as Epic’s CareEverywhere63 and 

CommonWell Health Alliance64, were excluded. Finally, although the survey team incorporated 

multiple sources to identify all HIOs in the country, some might have been missed or might not 

have received the survey. While the survey achieved response of 80%, we do not know whether 

responders and non-responders differed significantly.  

The results of the survey presented in this paper are intended to describe the level of HIO 

support for research, and identify characteristics and barriers associated with this support. 

Future iterations of the survey should assess the reliability of the questions (for example test-

retest evaluations), conduct further investigation into perceived barriers, and determine the 

reasons behind the decision of HIOs who do not support research. Engaging HIO Executive 

Directors in one-on-one interviews or focus-groups could serve as complementary approaches 

to address these issues. Future research is also needed to confirm that the reported 

administrative and technological infrastructure in place is functioning. In particular, it would be 

valuable to validate that a researcher can access HIO data, as well as assess the costs, 
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restrictions, and limitations. It would also be useful to collect data that speaks to whether an 

HIO facilitates the development of a multi-institution dataset or if the effort to use an HIO is 

comparable to securing data from each participating organization separately. Finally, further 

investigation into whether the information collected and shared through HIOs results in an 

accurate, representative, and comprehensive foundation for clinical and epidemiological 

research is needed. 

Conclusion 

In the first systematic effort to collect data on HIOs’ support for research, we found that most 

HIOs reported supporting or planning to support, research.  Such support results in additional 

value created by third-party approaches to health information exchange. Within the group of 

HIOs that reported support for research, the types of research support that they offer likely 

vary.  This was reflected in their infrastructure preparation and data-use requirements. 

Policymakers pursuing the development and growth of health information exchange can use 

the results of this survey to promote HIOs’ involvement in research as a mechanism to 

maximize the federal investment in EHR systems and health information exchange strategies.  

For those running HIOs, these results may inform the development efforts required to support 

research and enhance the value provided by the HIO to its customers. 

Clinical Relevance Statement 

Medical research has transformed, and continues to advance, clinical practice. HIOs can be 

important partners in research, because they are a potential source of clinically relevant, cross-

institutional clinical information. Since HIOs were developed to support the delivery of health 
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care, information is shared synchronously, potentially decreasing the time and cost of providing 

clinical information to researchers. In addition, health systems are in the midst of reform by 

means of models such as Patient-Centered Medical Homes and Accountable Care 

Organizations, which emphasize coordination of care among health care providers to achieve 

improved clinical outcomes. HIOs that support, or plan to support, research were found to 

support delivery-system reform such as Patient-Centered Medical Homes and Accountable Care 

Organizations. 
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Introduction to the Chapter 

Building upon the results of the scoping review (presented in Chapter 2) and national survey 

(presented in Chapter 3), the following chapter describes the application of my hypothesis that 

Health Information Exchange Organizations (HIO) could be a source of relevant, cross-

institutional clinical information for clinical research. Specifically, we sought to determine 

whether encounter data exchanged through a health information exchange organization (HIO) 

could be used to identify and characterize care received in post-acute care institutions 

following hospitalization for intracerebral hemorrhage (ICH) patients, in the 12 months 

following hospital discharge. The research question focused on whether HIO data could be used 

to study transitions of care; hence, we did not request data from institutions not participating 

in the Indiana Network for Patient Care (INPC). The INPC, founded in 1994 and managed by the 

Indiana Health Information Exchange, averages half a million clinical transactions every day.68 

With over 130 participating entities, INPC receives clinical information from providers across 

the state of Indiana and surrounding communities with significant concentration around 

Indianapolis.69 

For readers unfamiliar with the technology used in electronic health records and HIOs, I’ve 

summarized the technology behind and challenges with identifying patients and linking clinical 

information received from multiple EHRs in an HIO. Linking patient data in an HIO is the work of 

the master patient index (MPI). Each patient is uniquely identified in the HIO using a set of 

demographics (first name, last name, birthdate, sex, address, etc.). The MPI maintains a record 

of user IDs used by the data provider organizations. Individual patients often have multiple user 

IDs within the same institution. The MPI connects the user IDs from the data provider 
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organizations with the unique ID maintained by the HIO so that all patients have only one 

unique ID in the HIO that links with many different IDs across the data providers.  

Some MPIs use a deterministic matching model while others use a probabilistic matching 

model. There are pros and cons to both. Deterministic matching is sometimes referred to as 

exact matching in which the data received by the HIO must have the exact same information in 

the selected fields to match with an existing ID in the MPI. This model prevents false matches 

but also requires extensive and continuous management to limit the number of unique ids 

assigned to each patient. Every misspelled name (Diane vs. Dianne), nickname (Bill vs. William), 

hyphenated name (Parker-Lee vs. Parker Lee), Jr/Sr, switched number (3/24/64 vs 24/3/64), 

etc. results in an additional record for a patient. Probabilistic matching loosens up the 

restrictions and accepts a predetermined level of difference for certain variables (such as a 

phone number is recognized to change but a gender is unlikely to change). The probabilistic 

matching process slightly increases the risk of false matches but is much less resource intensive 

and timely. 
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Abstract 

Objective: Evaluation of post discharge transitions of care is becoming increasingly important, 

especially for readmission reduction efforts. We sought to determine whether encounter data 

exchanged through a health information exchange organization (HIO) could be used to identify 

and characterize care received during the 12 months following hospitalization for intracerebral 

hemorrhage (ICH).  

Methods: We used a retrospective cohort of patients with spontaneous ICH (ICD-9 codes 431 

and 432.9) admitted to two Indianapolis area hospitals between January 1, 2009 and December 

31, 2011. Patient information was abstracted from medical charts and linked to the local HIO 

(Indiana Network for Patient Care, INPC) to identify medical encounters that occcurred up to 

one year post discharge.  Data from the INPC was limited to participating acute care hospitals 

and included ER visits, hospital admissions,  acute (in-patient) rehabilitation,  and hospital-

based hospice, as well as hospital-based outpatient visits. No information was available for 

free-standing acute rehabilitation facilities, sub-acute rehabilitation facilities, skilled nursing 

facilities or other outpatient visits. Primary outcomes were the patients’ care patterns after 

discharge as determined by the INPC described in terms of the number, type of care setting, 

and timing of encounters over the one year follow-up period.  

Results: Based on medical chart information, of the 468 ICH patients discharged alive, 41% 

were discharged to acute rehabilitation, 30% to home, 19% to skilled nursing facility, 7% to 

hospice and 3% to another acute setting. We found that although 235 patients were discharged 

to an inpatient setting for which the INPC had encounter data (acute rehabilitation, hospital-
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based hospice, or other acute hospital acute setting), 131 (44%) did not have an encounter 

recorded in the INPC for their discharge destination. We also found that 57% of patients 

discharged home had no encounters within 30 days of discharge, highlighting the inability of 

current HIO data to track transitions across all outpatient settings or document the lack of 

encounters. Finally, because encounters in the INPC were collapsed into three categories by 

their type of care setting (inpatient, outpatient or emergency) we were unable to distinguish 

which inpatient encounters were readmissions. 

Conclusion: While HIOs could be an important source of relevant, cross-institutional encounter 

information useful to study transitions, the utility of data from this HIO was limited to data 

provided by participating acute care hospitals. Expanding the network of participating 

providers, increasing the types of data exchanged through the HIO, and prioritizing data quality 

improvements is necessary for HIOs to support research on transitions of care.  
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Background and Significance 

Intracerebral hemorrhage (ICH), which represents about 15% of all strokes, requires intense 

resource utilization in post-acute care settings– most notably rehabilitative care following the 

index hospital admission.70 ICHs carry a high risk of mortality—approximately 40% at 30 

days71,72—and serious long-term disability, with only 20% of affected patients expected to be 

functionally independent at six months.73,74 Efforts to reduce unnecessary use of health care 

services often include stroke as a targeted condition in part due to the intense resource 

utilization.75-77 In addition, certification as a Comprehensive Stroke Center by The Joint 

Commission includes several standardized performance measures that specifically address the 

quality of care provided as well as coordination of post-discharge care for stroke patients.78 

Understanding transitions of care for stroke patients, including transitions to a higher level of 

care (i.e., complex transitions),79 would support efforts to reduce readmissions and improve 

patient functional recovery.80-82 All transitions from the acute inpatient setting begin with the 

hospital discharge disposition, which indicates the next site of care. Common post-acute and 

long-term care settings include acute (inpatient) rehabilitation, hospice (either hospital-based 

or community-based), skilled nursing facilities which include nursing homes and sub-acute 

rehabilitation units, and long-term care hospitals. Stroke patients discharged home often seek 

care from out-patient rehabilitation providers, home health agencies, primary care and 

specialty physicians. Finally, emergency departments care for stroke patients with emergent 

and serious conditions post-discharge and can be useful indicators of failed transitions of care.  
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Research has found that most patients with stroke–up to 70% of Medicare beneficiaries—

receive some type of post-acute care.83 In a review of Medicare data, the top four locations of 

care following discharge for patients with stroke were: home with no services (31%), skilled 

nursing facilities (30%), inpatient rehabilitation facilities (22%), and home with home health 

services (14%).84  Several studies have identified variations in the use of post-acute care for 

patients with stroke – for example selection of acute rehabilitation versus sub-acute 

rehabilitation, ) – and that these variations are influenced by factors such as age, gender, 

income, insurance, race/ethnicity, region of the country, type and severity of stroke, and 

reimbursement policies.80,85-92 In addition, transitions of care following hospitalization are both 

targeted by interventions to improve patient outcomes93-99 and addressed by guidelines and 

recommendations for stroke care.100-102  

While researchers continue to investigate factors impacting selection of post-acute facilities 

and long-term care providers, it is well recognized that reimbursement policies – particularly 

those from the Centers for Medicare & Medicaid Services are an important driver of post-acute 

care utilization patterns. For example, reimbursement rules dictate that acute (inpatient) 

rehabilitation facilities target patients who are likely to return to a community setting but 

require intensive rehabilitative services (3 hours/day, 5 days/week).101 Whereas stroke patients 

unable to handle intensive rehabilitative services but who require daily skilled nursing or 

rehabilitative care are then typically discharged to skilled nursing facilities for sub-acute 

rehabilitative services.103  
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Obtaining data from post-acute care facilities and long-term care providers for patients with 

stroke is particularly important, since care is often fragmented across the transitional 

period.81,102,104 Given the fragmentation of the care continuum for stroke patients, transition of 

care research requires information from a multitude of provider types. However, there are few 

such data sources and those that do exist were often created for reimbursement purposes 

resulting in significant delays between the time of data collection and availability to researchers 

and limitations in the type and amount of clinical information available. This makes stroke a 

particularly informative condition upon which to test the study of transitions of care using 

alternative data sources. 

The 2009 Health Information Technology for Economic and Clinical Health (HITECH) Act10 

invested millions of dollars to encourage increased use of electronic health record (EHR) 

technology and electronic exchange of health information among health care providers and 

institutions. With this federal investment came the development and expansion of health 

information exchange organizations (HIOs), from 32 in 2007 to 119 in 2012.40,60 HIOs are 

organizations that provide technology and infrastructure to enable electronic health 

information exchange across disparate EHR technologies and health care institutions. EHRs and 

the HIOs that connect them provide unique opportunities for aggregating clinical data to 

support research among multiple health care institutions and settings; thus, HIOs would seem 

particularly well suited to document transitions of care across multiple different care settings.  

The ability to study transitions of care from an acute hospital to a post-acute provider is 

particularly important as Medicare implements reforms of post-acute care provider payment 
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policies. These recent reforms were initiated to ensure utilization of post-acute providers are 

based on patient care needs and clinical characteristics;103 the capacity to readily monitor 

transition patterns and patient outcomes would benefit this effort. Large-scale clinical registries 

such as Get With The Guidelines-Stroke105,106 lack information to describe transition patterns 

post-discharge. If such information were available from HIOs, researchers could identify and 

evaluate factors affecting clinical outcomes that occur beyond the inpatient setting and 

organizational boundaries of the discharging hospital. Because of the complexity of the post-

discharge care needs of ICH patients, stroke is an excellent condition to assess the capacity of 

HIOs to elaborate these post-care strategies. 

Objectives 

The objective of this study was to use data from one HIO to identify and characterize care 

received in the 12 months following discharge from the index acute hospitalization for patients 

with ICH.  

Methods 

Patient Cohort 

We used a retrospective cohort of patients with spontaneous ICH (ICD-9 codes 431 and 432.9) 

admitted to two Indianapolis metropolitan-area hospitals between January 1, 2009 and 

December 31, 2011. Previous research demonstrated that ICD-9 codes 431 and 432.9 have high 

sensitivity for identifying patients with ICH (79% for 431 and 72% for 432.9).107  

The list of potentially eligible patients was created using data from the Indiana Network for 

Patient Care (INPC), a clinical data repository managed by the Indiana Health Information 
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Exchange. Potential cases were reviewed by a board certified neurologist (JM) using clinical 

information abstracted from the hospitals’ electronic health record systems (EHR). Patients 

with any of the following conditions were excluded from the cohort: evidence of traumatic ICH, 

aneurysm, encephalitis, brain tumor, hemorrhagic transformation of an ischemic infarct; 

hemorrhage due to venous sinus thrombosis, carotid endarterectomy, or thrombolytic 

administration for ischemic stroke.   

EHR Dataset  

Clinical data for all cohort members were abstracted from the hospital EHRs by trained study 

staff using a standardized chart review process with a defined database instrument. The EHR 

dataset contained administrative, demographic, and clinical information, including the 

discharge disposition, which was recoded into: home, rehabilitation, skilled nursing facility, 

hospital/acute setting, hospice, or unknown. Dispositions of prison, homeless shelter, assisted 

living, and friends or relatives were recoded as home, to distinguish them from medical 

institutions with formal care services. Extended care facility or nursing home was recoded as 

skilled nursing facility. 

HIO Data Source – the INPC 

We queried the INPC for encounters by the patients in the ICH cohort for a one year period 

following discharge from the index admission (post-ICH). The INPC, founded in 1994, has 

encounter information for more than 90% of care delivered in Indianapolis-area hospitals 

including inpatient admissions and services in hospital-based outpatient departments. Patients 

were assigned unique identification numbers by the INPC, allowing linkage between INPC 

institutions as well as between the INPC and hospital-based EHR datasets. New incident ICH 
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events in confirmed ICH cases were excluded. A Regenstrief Institute data manager with 

authorized access to INPC data prepared and de-identified the INPC data and completed the 

linkage between the EHR and INPC datasets. 

The INPC dataset included demographic (age, race, ethnicity) and post-discharge encounter 

information (i.e., the record of services provided to a patient during an appointment, admission 

or other interaction with a health care provider). Encounter information included the number 

of days between the date of discharge for the index event and subsequent encounters, length 

of stay, encounter care setting (inpatient, outpatient and emergency), encounter location (such 

as the unit or floor for an inpatient visit or a specific hospital emergency room), insurance 

provider(s), medical provider name, provider specialty, and provider type (such as medical 

doctor or nurse), and primary and secondary diagnoses including ICD-9 code and description. 

The INPC also provided date of death which we used to calculate in-hospital, 30-day and one 

year mortality rates.  

The INPC dataset did not include encounter information from independent physician practices, 

free-standing hospice providers (outside the acute hospital setting), free-standing acute 

rehabilitation facilities, skilled nursing facilities (that provide sub-acute rehabilitation and long 

term nursing home care), or long-term acute care hospitals (LTCHs). These provider types either 

do not participate in the INPC, or do participate but do not allow their data to be used for 

research.  No information on the use of home health services was available.  

Encounters in the INPC were classified into three categories by their type of care setting -- 

inpatient, outpatient or emergency108 which means that a variety of different patient clinical 
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interactions were collapsed into each category. Inpatient care settings included admissions to 

any inpatient facility which, in this dataset, was limited to acute care hospitals and their acute 

rehabilitation and hospice units. Outpatient care settings were limited to services from 

hospital-employed physicians and hospital outpatient departments, and could include, for 

example, occupational therapy, orthopedic services, and primary care outpatient services. 

Emergency care setting was limited to encounters in a hospital emergency department.   

Data Analysis 

The primary outcome of interest was the specific care pattern of individual patients after 

hospital discharge for the index ICH event defined as the timing and type of care setting for first 

and second encounters.   

Analyses were limited to the generation of descriptive statistics. We calculated rates of missing 

data and provided a summary of the demographic and clinical characteristics of the starting 

cohort. Discharge disposition frequencies were reported for patients discharged alive from the 

index admission. We calculated the in-hospital mortality rate for the index admission, 30-day 

post-discharge mortality rate, and one-year post-discharge mortality rate using death-

certificate data. To aid comparability with prior studies, we also calculated the 30-day and one-

year mortality rates from the date of admission. 

Because the INPC data was limited to inpatient, outpatient or emergency encounters, we could 

only validate the discharge destination for those ICH patients who were discharged to another 

inpatient setting (defined as acute rehabilitation, another acute care hospital, or hospital-based 

hospice).  Thus, for patients with a discharge destination of acute rehabilitation, hospice or 
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hospital/acute setting (i.e., hospital transfer), we defined the first inpatient encounter that 

occurred within two days of discharge as a ‘confirmation encounter’, as these encounters 

confirmed that the patient received care at the type of care setting indicated by their discharge 

destination. We were not able to confirm discharge destinations for free-standing facilities such 

as hospice or skilled nursing facilities. We were also not able to validate discharges to home as 

the INPC had limited encounter information for providers that typically care for stroke patients 

discharged home including free-standing out-patient rehabilitation providers, home health 

agencies, and independent primary care and specialty physicians. Available data for the three 

care settings by discharge destination is summarized in Table 4.1, highlighting the limitations of 

the HIO as a data source.  
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TABLE 4.1: AVAILABLE INPC DATA BY CARE SETTING THAT CAN BE USED TO VALIDATE 

DISCHARGE DESTINATION RECORDED IN EHR 

 

Encounter Care Settings 

Discharge Destination Emergency Inpatient* Outpatient 

Acute Rehabilitation   

        for hospital-based**& 

 X  for free-standing 
 

  

Skilled Nursing Facility    X  
 

  

Hospital/Acute Setting 

Transfer   
 

  

Hospice   

       for hospital-based**  

 X  for free-standing   

Home    

for hospital-based**  

X for independent  

*        indicates data is available; X for missing data. 

**     Located within a hospital. 

***   Not located within a hospital. 

 

We assessed the type and amount of missing encounter data by examining each of the first two 

encounters that were identified in the INPC data (i.e., inpatient, outpatient and emergency 

encounters), following the index admission, and compared them to anticipated care patterns. 

We describe the type of care setting, timing and duration of the first encounter after stratifying 

according to the discharge disposition that followed the index admission (i.e., acute 

rehabilitation, home, skilled nursing facility, hospice, other hospital/acute setting). We 

stratified first encounters by time period (first 30 days versus remainder of the year) and by the 

discharge disposition following the index hospitalization. For the two time periods (within 30 

days and between 31 days and one year from discharge), we provided mean encounter length 

of stay and mean days between discharge and the first encounter for each care setting within 

each discharge disposition category. We also reported number of patients alive after 30 days, 
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by discharge disposition, and number of patients with a first encounter between 31 days and 

one year and a cumulative proportion of patients who had at least one encounter within the 1 

year follow-up period. 

Finally, we looked at the pattern of care settings for second encounters using the same 

stratification structure - by time period and discharge disposition. For the two time periods 

(within 30 days and between 31 days and one year), we provided mean length of stay and 

mean days between discharge from the index admission and the second encounters for each 

care setting within each discharge disposition category. 

Results 

Patient Cohort 

Our cohort consisted of 595 patients with confirmed ICH admitted to two Indianapolis 

metropolitan-area hospitals between January 1, 2009 and December 31, 2011. (Figure 4.1) Of 

these patients, 127 (21%) died before discharge. Additional deaths reduced our cohort at 30 

days after ICH discharge to 420 patients, and at one year after ICH to 364. Thirty-day mortality 

rate from admission was 30.1% and at one-year was 39.0%. The cohort was 70% white and 27% 

African American. Sex distribution was balanced (53% male), and mean age was 70 years. At 

ICH admission, one quarter (24%) of the patients were employed, 10% disabled and 66% retired 

or otherwise unemployed. Almost half (46%) of the patients were married, 20% single, 17% 

widowed, 11% divorced and 6% living with a partner. Half (48%) of the patients had Medicare 

coverage, another 9% were dually covered by Medicare and Medicaid, 8% Medicaid alone, 22% 
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127 (21%) died before discharge 

had commercial coverage, and 13% were uninsured. An additional ICH was experienced by 2.3% 

of the cohort during the one-year follow-up period. 

FIGURE 4.1 – COHORT FLOW DIAGRAM  

 

  
Patients with ICH 

admitted to 

hospitals (n=595 

patients) 

Patients alive at 

30-day follow-up 

(n=420) 

 

Patients 

discharged from 

hospitals (n=468) 

Patients alive at 

1-year follow-up 

(n=364) 

Another 56/595 (9.4%) died between 30 

days and one year from discharge 

Another 48/595 (8.1%) died within 30 

days of discharge 
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EHR Data 

Clinical information was abstracted from the hospitals EHRs to determine whether patients met 

study inclusion criteria and to provide information on patients’ index admission including their 

discharge disposition. Most data elements had few missing entries (≤2%); however, two 

variables had substantial levels of missing data: patient site of origin before admission (e.g., 

home, nursing home, extended care facility) was missing in 39%, and number of days between 

index admission and prior stroke was missing for 45% of the 184 patients with documentation 

of a prior stroke (Table 4.2).  

TABLE 4.2: FREQUENCY OF MISSING DATA ELEMENTS BY DATA SOURCE   

Data Variable 

Frequency 

Missing 

Electronic health record data   

Employment status 0.0% 

Insurance categories 2.0% 

Length of stay for index admission 0.0% 

Discharge disposition 0.4% 

Admission through emergency department 2.0% 

Transfer between hospitals 0.0% 

Admitted to intensive care unit 0.0% 

Source of admission 39% 

Days between index admission and prior stroke [for patients with evidence of prior stroke 

(n=184)] 55% 

Health information organization data   

Encounter care setting 0.3% 

Length of stay for encounters 0.5% 

Insurance 9.7% 

Site of encounter  43% 

Provider profile elements (name, specialty, provider type) 85% 
 

The frequency distribution of discharge disposition is provided in Table 4.3. Ninety percent of 

the 468 patients discharged alive went to one of the following three destinations: acute 

rehabilitation (41%), home (30%), and skilled nursing facility (19%). 
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TABLE 4.3: DISCHARGE DISPOSITION FOLLOWING INDEX ADMISSION 

FOR INTRACEREBRAL HEMORRHAGE (N=468 PATIENTS DISCHARGED 

ALIVE); SOURCE: HOSPITAL EHRS 

    Frequency   Percentage 

Acute rehabilitation 191 41 

Home 141 30 

Skilled nursing facility 90 19 

Hospice 31 6.6 

Hospital/Acute setting 13 2.8 

Missing 2 0.4 
 

 

HIO Data (INPC) 

For 468 patients discharged alive from index admission, the INPC provided data on 4,845 

different encounters during the year following the index admission. Some variables within each 

encounter record had substantial amounts of missing data: encounter locations (i.e., unit or 

floor for inpatient visits or specific hospital emergency departments) were missing in 43% of the 

encounters, and provider profile elements (including provider name, specialty and provider 

type) were usually missing (85%) (Table 4.2). 

Reported care settings for encounters were categorized by the INPC as outpatient (65% of all 

encounters), inpatient (23%), and emergency (12%). The proportion of confirmed encounters 

(encounters confirming patients received care as indicated by their discharge destination) 

demonstrated the problem of missing encounter data in the HIO dataset. Slightly more than 

half (56%) of the 235 patients discharged to an inpatient facility for which the INPC had 

encounter data (acute rehabilitation, hospice, or hospital/acute setting) had a confirming 

inpatient encounter. Only half of the 191 patients discharged to acute rehabilitation could be 

confirmed, i.e., had an inpatient encounter in the INPC within two days of discharge from their 
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index admission. Eight of the 13 patients (62%) transferred to another hospital or acute setting 

had confirming inpatient encounters within two days of discharge. The most complete set of 

encounter information was for hospital-based hospice with 90% of the 31 patients with this 

discharge destination having a confirmed encounter. Lastly, there were four inpatient 

encounters within two days of discharge for patients discharged to skilled nursing facilities. 

While these encounters met the criteria for a confirmed encounter, the INPC encounter data 

did not include encounters from a skilled nursing facility. Therefore, these encounters are likely 

readmissions and were not included in the proportion of patients discharged to inpatient 

facilities with confirmed encounters. 

First Encounters  

Given that patients with ICH have high continuing medical needs after discharge, patients 

discharged alive from the index admission would be expected to have a first encounter within 

30 days. Of the 48 patients who died within 30 days of discharge from the index admission, all 

but two patients (96%) had at least one post-discharge encounter in the INPC data. Figure 4.2 

illustrates the relationship between discharge disposition, numbers and timing of first 

encounters, and the numbers of patients without a record of any first encounter.  
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Discharged alive 

from hospital 

N=468 

Discharged 

to hospice 

N=31 

Discharged to 

skilled nursing 

facility 

N=90 

Discharged 

to home 

N=141 

Discharged to 

acute 

rehabilitation 

N=191 

Discharged 

to hospital/ 

acute 

setting 

N=13 

No 

discharge 

disposition 

recorded 

N=2 

Died before discharge  

N=127 

Admitted to hospital for intracerebral hemorrhage 

N=595 

76 FIRST ENCOUNTERS 

(40% of patients)* 
• Emergency = 6 

• Inpatient = 28 

• Outpatient = 42 

78 FIRST ENCOUNTERS 
(41% of patients)* 
• Emergency = 4 

• Inpatient = 6 

• Outpatient = 68 

44 FIRST ENCOUNTERS  

(49% of patients)* 
• Emergency = 8 

• Inpatient = 17 

• Outpatient = 19 

58 FIRST ENCOUNTERS 
(41% of patients)* 
• Emergency = 4 

• Inpatient = 8 

• Outpatient = 46 

60 FIRST ENCOUNTERS  
(43% of patients)* 

• Emergency = 5 

• Inpatient = 9 

• Outpatient = 46 

0 FIRST 

ENCOUNTERS 

 

8 FIRST ENCOUNTERS  
(62% of patients)* 
• Emergency = 0 

• Inpatient = 2 

• Outpatient = 6 

26 FIRST ENCOUNTERS  

(29% of patients)* 
• Emergency = 1 

• Inpatient = 5 

• Outpatient = 20 

Within 30-Days after intracerebral hemorrhage – 43% of patients discharged alive had a first encounter  

(188 total first encounters/468) patients alive at discharge)* 

1 Year after 

intracerebral 

hemorrhage -
164 Additional 

First Encounters 

186 patients alive after 30 days   

352 Total First Encounters/468 patients discharged live=81%* 

140 patients alive after 30 days   81 patients alive after 30 

154 Total First Encounters (81%)* 

for patients discharged to acute 

rehabilitation 

 

118 Total First Encounters 

(84%)* for patients discharged 

to home 

 

70 Total First Encounters (78%)* 

for patients discharged to skilled 

nursing facility 

 
Cumulative 

Totals 

Between 30 days and 1 year 

*Percent calculated by total number of patients discharged alive by discharge disposition 

FIGURE 4.2 – NUMBERS OF FIRST ENCOUNTERS (EXCLUDING CONFIRMING ENCOUNTERS) 

AT 30 DAYS AND 1 YEAR, BY DISCHARGE DISPOSITION 
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Table 4.4 provides total numbers of first and second post-ICH encounters for the first 30 days 

and for 31 days to one year by discharge disposition, mean length of stay, and mean number of 

days between ICH discharge and first and second encounters. Rates were calculated relative to 

the total number of patients discharged alive by discharge disposition. 

More than half (57%) of patients discharged home did not have record of a first encounter 

within 30-days. Almost two-thirds (60%) of patients discharged to acute rehabilitation and 51% 

of patients discharged to a skilled nursing facility did not have a first encounter within 30 days.  

After accounting for the encounters confirming admission to an inpatient acute rehabilitation 

unit, almost one-fourth (22%) of the 191 patients discharged to acute rehabilitation had an 

outpatient encounter as their first encounter within 30 days, 15% had an inpatient encounter 

which in this case is likely to indicate a hospital readmission, and 3% had an emergency 

encounter.  

Of patients discharged to a skilled nursing facility, 21% had an outpatient encounter, 19% an 

inpatient encounter (likely indicating a hospital readmission), and 9% an emergency encounter 

within 30 days following discharge. Recall that INPC did not have encounter information from 

skilled nursing facilities so we were unable to confirm care received according to their discharge 

disposition. Almost half (46%) of the 13 patients transferred to another hospital/acute setting 

had an outpatient encounter and 15% an inpatient encounter during the 30 day period (outside 

of the eight confirming encounters) (Table 4.4). Of the patients with a discharge disposition to 

home who had a first encounter within 30 days, 77% of those encounters were in an outpatient 

setting, 15% inpatient encounter (suggesting hospital readmission), and 8% emergency.  All 31 
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hospice patients died before the 30-day follow-up and had no other encounters beyond the 

confirming inpatient encounter.  

First encounters more than 30-days following discharge from the index admission likely indicate 

patients who had a long stay in an acute or sub-acute setting, delayed seeking care if they were 

discharged home, or sought care from a non-INPC participating provider such as a skilled 

nursing facility or free-standing rehabilitation facility.  Most (87%) of the patients discharged to 

‘acute rehabilitation’ who had a first encounter recorded in the INPC dataset more than 30 days 

after discharge from the index admission had their first encounter in an outpatient setting 

(Table 4.4). 

We found that 81% of patients eventually had a first encounter other than a confirming 

encounter within the year after ICH, suggesting that 19% of the patients seek all of their post-

acute care with institutions outside the INPC, or with institutions in the INPC that do not allow 

their data to be shared for research. 
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TABLE 4.4: TOTAL NUMBER OF FIRST AND SECOND ENCOUNTERS AFTER INTRACEREBRAL HEMORRHAGE (ICH) OVER 1-YEAR 

FOLLOW-UP BY DISCHARGE DISPOSITION AND CARE SETTING 

Encounter Care Setting 

Number of 

First 

Encounters 

% of Patients 

by Discharge 

Disposition* 

First 

Encounter 

Mean 

Length of 

Stay 

Mean Number 

of Days 

between ICH 

Discharge and 

First Encounter 

Number of 

Second 

Encounters 

% of 

Patients by 

Discharge 

Disposition* 

Second 

Encounter 

Mean 

Length of 

Stay 

Mean Number 

of Days between 

ICH Discharge 

and Second 

Encounter 

Encounters within 30 Days from Discharge from ICH Index Admission   

Acute Rehabilitation (n=191)                 

No encounters recorded within 30 days 115 60.2%       

Emergency 6 3.1%  2.5    9.8  2 1.0%   1.5    7.0  

Inpatient** 28 14.7%  9.1    11.5  19 9.9%  23.1   11.5  

Outpatient 42 22.0%  6.0    15.0  17 8.9%    12.8      21.7  

Total within 30 days 76 39.8% 38 19.9%   

Home (n=141)                 

No encounters recorded within 30 days 81 57.4%       

Emergency 5 3.5%    1.0      4.0  5 3.5%   1.4      13.8  

Inpatient 9 6.4%    10.8      7.2  5 3.5%    16.4      8.2  

Outpatient 46 32.6%    3.2    13.8  25 17.7%   5.0      16.9  

Total within 30 days 60 42.6% 35 24.8%   

Skilled Nursing Facility (n=90)                 

No encounters recorded within 30 days 46 51.1%       

Emergency 8 8.9%    3.3    12.3  1 50.0%   1.0      14.0  

Inpatient** 17 18.9%    6.4    13.1  1 50.0%   1.0      12.0  

Outpatient 19 21.1%    1.0    14.9  0 0.0%  N/A   N/A  

Total within 30 days 44 48.9% 2 2.2%   

Hospital/Acute Setting (n=13)                 

No encounters recorded within 30 days 5 38.5%       

Emergency 0 0.0%  N/A   N/A  0 0.0%  N/A   N/A  

Inpatient** 2 15.4%    14.5    17.0  1 7.7%   5.0      16.0  

Outpatient 6 46.2%    24.3    17.5  2 15.4%   1.0      9.0  

Total within 30 days 8 61.5% 3 23.1%   

Total of First and Second Encounters for all 

Discharge Dispositions within 30 days 188 43.2%     78 17.9%     
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TABLE 4.4 (cont’d) 

Encounter Care Setting 

Number of 

First 

Encounters 

% of Patients 

by Discharge 

Disposition* 

First 

Encounter 

Mean 

Length of 

Stay 

Mean Number 

of Days 

between ICH 

Discharge and 

First Encounter 

Number of 

Second 

Encounters 

% of 

Patients by 

Discharge 

Disposition* 

Second 

Encounter 

Mean 

Length of 

Stay 

Mean Number 

of Days between 

ICH Discharge 

and Second 

Encounter 

Encounters 31 Days from Discharge for ICH Index Admission to One Year and Cumulative Totals   

Acute Rehabilitation (n=191)                 

No encounters recorded 31 days - 1 year 113 59.2%       

Emergency 4 2.1%    1.3        108.5  4 2.1%       2.8          79.5  

Inpatient 6 3.1%      6.8        180.2  19 9.9%       9.1          114.8  

Outpatient 68 35.6%      5.6        71.0  68 35.6%       9.0          84.1  

Total between 31 days and one year 78 40.8% 91   

Total from discharge to 1 year 154  80.6%       

Home (n=141)                 

No encounters recorded 31 days - 1 year 83 58.9%       

Emergency 4 2.8%      1.5        102.3  5 3.5%       1.2          174.0  

Inpatient 8 5.7%      2.4        131.1  12 8.5%       4.0          189.0  

Outpatient 46 32.6%      1.0        56.7  45 31.9%       2.9          88.3  

Total between 31 days and one year 58 41.1% 62   

Total from discharge to 1 year 118 83.7%       

Skilled Nursing Facility (n=90)                 

No encounters recorded 31 days - 1 year 64 71.1%       

Emergency 1 1.1%      1.0        199.0  0 0.0%  N/A   N/A  

Inpatient 5 5.6%      6.3        92.2  0 0.0%  N/A   N/A  

Outpatient 20 22.2%      1.0        44.1  1 1.1%       1.0          34.0  

Total between 31 days and one year 26 28.9% 1   

Total from discharge to 1 year 70  77.8%       

Hospital/Acute Setting (n=13)                 

No encounters recorded 31 days - 1 year 11 84.6%       

Emergency 1 7.7%      1.0        50.0  1 7.7%       1.0          34.0  

Inpatient 0 0.0%  N/A   N/A  0 0.0%  N/A   N/A  

Outpatient 1 7.7%      1.0        33.0  1 7.7%       1.0          72.0  

Total between 31 days and one year 2 15.4% 2   

Total from discharge to 1 year 10 76.9%       

Total of First and Second Encounters 

between 31 days and one year 164 37.7%     156 35.9%     

Cumulative Total Number of Encounters 352 80.9%     234 53.8%     

* Percentage calculated by dividing the numbers of encounters by care setting by the total number of patients with the specific discharge disposition. 

** First encounters exclude inpatient admissions within 2 days of discharge from index admission. 

    
 



91 

Second Encounters 

Second encounters provide further insight into the care trajectory of ICH patients. Just over half 

(54%) of the patients had a second encounter in the INPC dataset. For patients discharged to 

acute rehabilitation, half of the second encounters that occurred within 30 days were in 

inpatient settings (which suggest readmissions), and 45% were outpatient encounters, while 

acute rehabilitation patients with second encounters between 31 days and one year were 

largely outpatient (75%). Second encounters for patients discharged home were, as expected, 

predominately outpatient during both time periods – within 30 days (71% of 35 second 

encounters) and between 31 days and one year (73% of 62 second encounters). Within 30 days, 

14 (9.9%) patients discharged home had an inpatient encounter as their first or second 

encounter, likely representing readmissions, and within a year it was 34 (24.1%) patients. 

Patients discharged to skilled nursing facilities and hospital/acute settings had too few second 

encounters to identify any meaningful trends. 

Discussion 

We sought to use data from one HIO to identify and characterize care received in the 12 

months following discharge from the hospital for patients with ICH. In the following discussion, 

we compare our findings with existing research, discuss the importance of network size and 

diversity of participating health care providers on data for research, describe the completeness 

of the HIO data, outline data challenges, share limitations of our study, and suggest future 

research directions. 



92 

Comparison of Findings with Previously Published Research 

Findings from previously published studies with similar outcomes were limited to the 

examination of mortality rates, discharge disposition, and the number of post-acute 

encounters. Mortality at 30 days and one year following discharge from the index admission 

differs from other published studies have found. Our 30 day mortality rate was 30.1% 

compared to a previous finding of 44.0%.71 Previous research found  a 54% mortality rate for 

patients with ICH109 and our cohort had a 39.0% one-year mortality rate. In a review of 

Medicare data, the top four locations of care following discharge for patients with stroke were: 

home with no services (31%), skilled nursing facilities (30%), inpatient rehabilitation facilities 

(22%), and home with home health services (14%).84 We found that 41% of our cohort was 

discharged to acute rehabilitation, 31% to home (we did not differentiate between home with 

or without services), and 19% skilled nursing facilities. We were unable to identify any articles 

that confirmed discharge disposition with care received or that characterized care settings of 

first and second encounters post-discharge specific to ICH patients such as our study did.  

Finally, a previously published review of Medicare data evaluated the number of sites of post-

acute care for a set of conditions with the largest patient groups that use post-acute services 

(all stroke, hip fractures and lower extremity join replacements). These authors found that 72% 

of the patients with these conditions used only one site of care during the 30 days following 

discharge.84 We found that of the 294 ICH patients discharged to acute rehabilitation, skilled 

nursing facility or another hospital/acute setting, 128 (43.5%) had at least two encounters 

within 30 days. Our findings suggest that ICH patients experience more post-acute care 
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encounters and transitions of care than all stroke, hip fractures and lower extremity join 

replacements combined. 

Network of Providers 

Using a HIO to accurately characterize transitions of care requires that they include a network 

of providers which is sufficiently broad to capture information from across the care continuum. 

For stroke this would include acute-care hospitals, and their acute rehabilitation and hospice 

units, free-standing acute (inpatient) rehabilitation facilities, hospice providers, skilled nursing 

facilities, home health agencies, long-term care hospitals, and non-hospital-based primary care 

and specialty care physician practices.  We selected INPC as our research partner as they are 

one of the longest running HIOs with the most developed research infrastructure. We found 

that even a mature HIO with a well-developed research enterprise is hindered by limited 

partnerships with post-acute providers. The INPC dataset included encounter information from 

only acute care hospitals and their acute rehabilitation settings, hospice, and outpatient 

departments, but not the other types of sites providing care to patients discharged after ICH. 

Given that three of the top five discharge dispositions following ICH admission were acute 

rehabilitation, skilled nursing facility, and hospice (Table 4.3), this incompleteness in 

representation of the stroke care continuum creates a large gap in information when studying 

transitions of care, since not all patients seek post-acute services within the hospital setting. 

Most importantly, we could not follow patterns of post-acute care that may have included 

multiple visits among post-acute care and primary care settings. 
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Post-acute provider participation in the INPC is more limited than national trends would 

suggest. EHR adoption and medical institution partnerships with HIOs are lagging for long-term 

and post-acute care providers such as skilled nursing facilities, long-term acute hospitals and 

rehabilitation hospitals compared to acute care hospitals and physicians. This is in part because 

the latter two groups qualify for Medicare and Medicaid EHR incentive programs established by 

the HITECH Act.10 A 2013 report by the Office of the National Coordinator for Health 

Information Technology notes that while no national data were available across all long-term 

and post-acute care institutions, they estimated that EHR adoption rates lag behind those of 

acute care hospitals based on data available for long-term acute care hospitals and 

rehabilitation hospitals, by as much as 50%.21  

HIOs interested in supporting transitions of care research must also encourage bi-directional 

exchange between acute care hospitals and the long-term care and post-acute care providers, 

to provide a comprehensive picture of patients’ interactions with health care providers across 

the stroke care continuum. This means that long-term and post-acute providers would share 

encounter information and associated clinical information with the HIOs, rather than just 

accepting data from referring institutions through the HIO.  National-level data about 

engagement of long-term care and post-acute care providers in bi-directional exchange are 

limited. A recent national survey of HIOs found that less than half reported participation by 

long-term care providers, with 40% receiving data from long-term care providers, and 51% 

providing data to long-term care providers.39 Long-term and post-acute providers create and 

maintain extensive amounts of clinical information on their patients, creating value to 

informing health care delivery as well as research.  Efforts to include long-term and post-acute 
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care providers in health information exchange must also address the need for bi-directional 

exchange, to ensure a robust set of clinical information. 

Completeness of HIO Data 

When captured, information for each encounter in the INPC dataset was fairly complete, with 

most data elements provided at least 90% of the time. However, our assessment found that the 

capture of encounters was insufficient. Slightly more than half (56%) of the 235 patients 

discharged to a type of inpatient facility for which the INPC had encounter data (acute 

rehabilitation, hospice, or hospital/acute setting) had a confirming encounter (i.e., an inpatient 

encounter within two days of discharge from the index admission). After excluding confirming 

encounters, of the 468 patients discharged alive from the index admission, we determined that 

the INPC data showed that less than half (43%) had an encounter in any care setting within 30 

days of discharge. This low rate cannot be explained by patients who did not survive long after 

discharge; we determined that 96% of the patients who died within 30 days had at least one 

post-discharge encounter. With an average length of stay for acute rehabilitation at 8.9 to 22.2 

days depending on the patient’s impairment following stroke,110 we would expect only a 

minority of the patients discharged to acute rehabilitation to still be in an inpatient facility at 30 

days post-discharge. The high rate of patients discharged to acute rehabilitation who did not 

have an encounter during the first 30 days (60%) therefore suggests that a significant number 

of encounters are not captured by the INPC data. Similarly, we found that 57% of patients 

discharged home did not have an encounter within 30 days.  
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Although these findings are specific to our review of INPC data and ICH-related transitions of 

care, they indicate challenges that researchers would face when using data from any HIO to 

study transitions. Expanding the network of providers sharing clinical information and 

increasing the amount of clinical information that each provider shares would advance the 

HIO’s ability to meet their primary mission to provide timely, clinically relevant data to inform 

health care delivery. 

Data Challenges 

As with all datasets created for clinical purposes, HIO data requires adjustments and 

accommodations to facilitate use by researchers. HL7 standards have resulted in a limited 

number of care setting categories for encounters (patient class variable).111 HL7 is the most 

commonly used set of standards in the world that defines the language, structure and data 

types for exchanging health information to support clinical management and practice.112 As a 

result of the limited number of care setting categories, encounters involving very different 

types of health care providers are collapsed into a few categories (inpatient, outpatient, and 

emergency) that do not reflect the variety of clinical interactions in a way most useful to health 

researchers. For example, records of inpatient encounters in our HIO data included inpatient 

stays at acute care hospitals, hospital-based hospice units, and hospital-based rehabilitation 

units. If the INPC were able to make available to researchers encounter information for skilled 

nursing facilities, free-standing hospice facilities and free-standing rehabilitation facilities, these 

encounters too would be categorized as inpatient encounters in the INPC dataset. As a result, 

inpatient encounters in the INPC dataset do not necessarily signify hospital readmissions. 

Similarly, the outpatient encounter category included encounters with all hospital outpatient 
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departments, including primary care and specialty physician visits as well as outpatient services 

such as occupational therapy, speech therapy, outpatient procedures. We were unable to 

differentiate between encounters within these broad categories, since the data elements that 

would allow us to determine conclusively the type of service provided during each encounter 

were largely missing: encounter location was missing for 43% of recorded encounters, while 

data fields for the provider's name, specialty, and type were all missing 85% of the time.  

Limitations  

Our study has several limitations. First, this is an analysis of data from one HIO. It is possible 

that other HIOs have participating provider networks that include more of the post-acute care 

settings, engaged in bi-directional exchange, that were not available in our data set (such as 

free-standing acute rehabilitation, free-standing hospice facilities, and skilled nursing facilities).  

Second, we were unable to obtain geographic distribution of patients at a level more specific 

than home state to meet the INPC’s requirements for protecting the privacy and security of 

patient information. Third, we have no way to determine whether encounter or other clinical 

information is missing due to technical issues related to the data feeds between the HIO and its 

institutional network, as sometimes feeds go down during software upgrades or facilities work. 

Fourth, de-identification and data formatting were done by a third party on behalf of the INPC, 

so we did not see the original raw data and were uninvolved in the process to restructure the 

INPC data for our use. Fifth, the manual abstraction of EHR data could be subject to human data 

entry error, as was providers' entry of clinical information into EHRs—which is ultimately the 

source of the HIO data. Sixth, we used an existing dataset and, therefore, did not influence 

which data elements were selected for abstraction from the EHR.  Finally, our analysis of 
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missing encounter information in the HIO dataset relied on the assumption that patients with 

ICH will require care within 30 days of discharge. While it is true that ICH patients are at 

increased risk for death and disability, there are many factors that influence whether a patient 

seeks and receives health care. Therefore, it is possible that some of the patients without a first 

encounter within 30 days chose not to seek or were unable to access such post-discharge care. 

Future Research Directions 

Research to determine whether the clinical information in an HIO is representative of a 

definable underlying target population (accurate, representative, and sufficiently complete) 

should continue. Evaluating whether results from studies using HIO data are consistent with 

published findings from studies that use different data sources such as administrative or EHR 

data, comparing the populations represented in the HIO with the general population, and 

assessment of the health care providers sharing data with HIOs across the country are all 

possible future research questions. Research is also needed to determine strategies to assess, 

and address the impact of, incomplete encounter information as a result of patients' seeking 

care at medical institutions that do not partner with a HIO.  

Conclusion 

Our efforts to use HIO data to study transitions of care for patients experiencing ICH 

demonstrated the potential and limitations of this data source. Our HIO partner, the Indiana 

Health Information Exchange, uses one of the longest-running networks—the INPC—with the 

most developed research infrastructure, and yet its ability to provide data sufficient for 

research on transitions of care is hindered by an incomplete set of partnerships between post-
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acute providers and the HIO, and the ways in which data are represented using nationally 

recognized standards, specifically the limited categorization of care settings to inpatient, 

outpatient and emergency. Expanding the network of participating providers, increasing the 

types of data exchanged through the HIO, and prioritizing data quality improvements such as 

expanded levels of care setting categorization not only would support HIOs in their efforts to 

support researchers, but would also support HIOs in ensuring that participating health care 

institutions are given the timeliest, most complete and accurate picture of healthcare services 

provided to their patients. While HIOs could be an important source of relevant, cross-

institutional encounter information useful to study transitions, the utility of data from this HIO 

was limited to data provided by participating acute care hospitals.  
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Clinical Relevance Statement 

Intracerebral hemorrhage (ICH), which represents about 15% of all strokes, requires intense 

resource utilization in post-acute care settings, most notably rehabilitative settings. With a 

fragmented stroke care continuum, and patients' high risk of death or serious long-term 

disability, HIOs with robust, complete data could be used to support and study transitions of 

care in patients with ICH following hospital discharge.  However, due to limitations in the 

current structure and organization of HIOs their capacity to document transition care patterns 

is very limited. 
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CHAPTER 5: CONCLUSION 

The desire to improve the quality and efficiency of patient care was the compelling need that 

led to extensive public and private investment in EHR implementation and the development of 

health information exchange capabilities. These technologies also have the potential to support 

the conduct of clinical research by improving efficiencies for data collection and facilitating 

patient identification and data monitoring across different health care settings. The previous 

three chapters focused on the following four research questions:  

1. Do researchers currently have access to clinical information exchanged through a Health 

Information Exchange Organization (HIO)? [Chapter 2 – Scoping Review, Chapter 3 – 

National Survey] 

2. Do HIOs have the necessary infrastructure, technological capacity, and agreements 

among participating providers to support research using exchanged clinical data? 

[Chapter 3 – National Survey] 

3. Do HIOs facilitate the development of a multi-institution dataset? [Chapter 3 – National 

Survey, Chapter 4 – Transitions of Care] 

4. With respect to a given HIO (INPC) used to assess a specific research question 

(transitions of care in ICH patients), does the information collected and shared through 

the HIO result in an accurate, representative, and comprehensive foundation to assess 

transitions of care? [Chapter 4 – Transitions of Care] 
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Findings from these studies are summarized in the following paragraphs. They are presented in 

chronological order which reflects the development process culminating in the actual use of 

HIO data to answer research questions. The scoping review (Chapter 2) informed us of the 

current published research with HIOs as partners. The results of the scoping review were used 

to inform the questions included in the national survey (Chapter 3). The transitions of care 

study in Chapter 4 was to test the ability to obtain and use HIO data to study a topic that would 

highlight the advantages of an HIO partner as a source of relevant, cross-institutional clinical 

information. 

Chapter 2 provided the results of a scoping review to determine the extent of current HIO 

involvement in published clinical research. The study objective was to identify published studies 

that described the use of HIOs as a data source for clinical research specific to one or more of 

the following three areas: 1) clinical or epidemiological research including randomized clinical 

trials or observational epidemiological studies, 2) financial or cost evaluations of HIO use, 

including changes in administrative efficiencies, or 3) utilization of health services, including the 

evaluation of care-seeking patterns. We found that, outside of the evaluation of HIOs 

themselves, HIO data were being used to a limited extent for published clinical research with 

only a limited number of specific HIOs involved in generating the majority of the published 

research.62 Of the eighteen articles that met our inclusion criteria, 16 articles met the criteria 

within the context of evaluating the use and impact of HIOs such as whether HIOs improved 

care, changed outcomes, improved costs, or changed the amount or type of care received.32,35-

37,46-57 Only two of the articles had research objectives not specific to evaluating the use and 

impact of HIOs.31,33  
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In follow-up to the scoping review and presented in Chapter 3, we investigated the extent to 

which HIOs reported supporting research by allowing the patient data that they exchange to be 

aggregated and used for clinical, health services or epidemiologic research. We used data from 

the fifth and most recent version of an ongoing national survey of organizations engaged in 

health information exchange39-42 to determine the proportion of HIOs that were or were 

planning to support research, and to describe the characteristics that differentiated them from 

HIOs that do not support research. We found that the majority of HIOs (70%) reported 

currently supporting or planning to support research. Fifteen (23%) of the 64 HIOs reported 

supporting research, 30 (47%) were planning to support research, and 19 (30%) did not support 

research or indicate plans to do so. Unsurprisingly, we found that the 45 HIOs that were 

supporting or planning to support research were more likely than non-research supporting HIOs 

to offer more advanced technology with enhanced functionality including allowing users to 

query and retrieve data from multiple sources, providing a master patient index, providing a 

clinical data repository, and providing data to participating networks and providers for their 

own analysis. We also examined the research-specific infrastructure and policies in place within 

the 45 research-supporting HIOs and found that some were widely adopted while others were 

not. The most widely adopted infrastructure elements associated with HIOs that reported 

supporting research were the ability to create multi-institution datasets (combination of data 

from multiple health care providers using different EHR systems), capacity to produce de-

identified datasets, and the development of data use agreements that allow the use of 

exchanged data for research. Some infrastructure and policies useful to HIOs that chose to 

provide research support had minimal adoption by the HIOs. One example was the use of an 
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oversight body to ensure the research protocol behind a request for data is valid and 

appropriate, HIOs currently supporting research were much more likely to require approval 

from an oversight body than HIOs than HIOs who did not support research. Based on survey 

results, we concluded that the HIOs that reported support for research are at different 

developmental stages and their higher level of research support was reflected in their 

infrastructure preparation and data use requirements. 

While the majority of HIOs (45 out of 64) reported in response to our national survey that they 

currently support or were developing the capacity to support research,113 the scoping review of 

HIO research support found that only seven HIOs were involved in published research that used 

HIO data to address a specific research question.62 Two other recent systematic reviews that 

assessed use and impact of HIOs on the delivery and quality of health care found similar results: 

only a limited number of HIOs supported research beyond the direct evaluation of the impact 

of exchanging data on clinical outcomes (e.g., reductions in redundant testing).34,59 We propose 

three possibilities for the apparent discrepancy between self-reported capacity from the 

national survey of HIO directors and the number of peer-reviewed publications involving HIO 

data identified in the scoping review. First, a significant portion of HIOs (41%) have been in 

operation less than five years.113 Even if an HIO was founded with research as one of its 

priorities, it takes time to implement the technology, secure a network of health care providers, 

develop the required interfaces to exchange data and create the necessary administrative 

infrastructure. The research process - conducting a research project, analyzing data, and writing 

the article – also takes time so it is possible that studies using HIO data were in process and 

therefore were not yet published. Thus, the limited number of HIOs mentioned in peer-
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reviewed publications may be due to time alone. A second possibility is that researchers that 

have used HIO data have determined the data is not sufficiently valid to submit the results for 

publication. Third and final, while the same definitions were provided to all respondents to the 

national survey, respondents were directors of HIO organizations and may not have had 

research training or experience. As a result, respondents’ interpretations of the survey 

questions might have differed from those intended by the survey authors. We defined research 

for respondents as “any investigation or analysis to address a specific question regarding 

patient or population health that is not part of the data exchange mission of the health 

information exchange effort, and is not used to support treatment/payment/operations/quality 

improvements.” HIO Directors unfamiliar with conducting research could potentially interpret 

the concept of support for research to include projects that would not result in publishable 

findings while they responded to our survey positively. 

For Chapter 4, we used HIO data to assess its utility to study transitions of care. We partnered 

with the Indiana University School of Medicine and the Indiana Network for Patient Care (INPC) 

to link patient level data manually abstracted from EHRs for intracerebral hemorrhage (ICH) 

cases discharged from two major medical centers in Indianapolis with INPC encounter and 

demographic information. We sought to determine whether encounter data exchanged 

through a HIO could be used to identify and characterize care received during the 12 months 

following hospitalization for ICH. INPC, our HIO partner, is one of the longest running HIO 

entities with the most developed research infrastructure. However, we found that its ability to 

provide sufficient data to study transitions of care was hindered by slow implementation of EHR 

and health information exchange technology in several post-acute care settings. Most notably, 
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data from the INPC was limited to participating acute care hospitals and included ER visits, 

hospital admissions, acute (in-patient) rehabilitation, and hospital-based hospice, as well as 

hospital-based outpatient visits. No information was available for free-standing acute 

rehabilitation facilities, sub-acute rehabilitation facilities, skilled nursing facilities (nursing 

homes) or outpatient visits that occur outside of hospital-owned practices. Given that three of 

the top five discharge dispositions following ICH admission were acute rehabilitation, skilled 

nursing facility, and hospice, this incompleteness in representation of the stroke care 

continuum creates a large gap in information when studying transitions of care, since most 

patients seek post-acute services outside of the hospital setting. Most importantly, we could 

not follow patterns of post-acute care that may have included multiple visits among post-acute 

care and primary care settings. Ensuring a comprehensive network of data sharing health care 

providers is one of the primary challenges of using HIO data for transitions of care research.  

We also identified significant challenges with encounter classifications. HL7 version 2 standards 

have limited care setting categories for encounters (patient class variable).111 As a result, 

encounters with very different types of health care providers are collapsed into categories 

(inpatient, outpatient, and emergency) that do not reflect the variety of clinical interactions in a 

way most useful to health services researchers and other analysts of healthcare delivery. We 

were unable to differentiate between encounters within these broad categories, since the data 

elements that would allow us to determine conclusively the type of service provided during 

each encounter were largely missing. Specifically, the encounter's physical location was missing 

in 43% of encounters, while details of the provider (name, specialty, and type) were missing in 

85% of encounters. 
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Our analysis highlighted the importance of determining the impact of missing encounter 

information due to either patients seeking care from non-participating INPC health care 

providers. For example, given that ICH patients are at a high risk of mortality (approximately 

40% at 30 days)71 or serious long term disability (only 20% expected to be functionally 

independent at 6 months),73 the majority of patients would be expected to have some type of 

encounter within 30 days discharge from the index admission. After excluding confirming 

encounters, of the 468 patients discharged alive from the index admission, we determined that 

the INPC data showed that less than half (43%) had an encounter in any care setting within 30 

days of discharge. This low rate cannot be explained by patients who did not survive long after 

discharge; we determined that 96% of the patients who died within 30 days had at least one 

post-discharge encounter. We propose that before using HIO data for research, it is critical to 

both evaluate the list of providers contributing to the HIO as well as the level of participation 

within a specific geographic area by provider type. For example, while the INPC dataset 

included hospital-based acute rehabilitation and hospice encounters, it lacked encounter 

information from free-standing acute rehabilitation and hospice providers. The analysis we 

conducted, while descriptive, provided insight into the amount of encounter information that 

we were potentially missing and the limitations of the HIO data. 

Finally, the process to identify an appropriate HIO partner and make the formal request for HIO 

data was very informative. While we were encouraged by the findings of our national survey 

(Chapter 3), we found that accessing HIO data for research is challenging and requires 

persistence, time and resources. Over the course of several months, we had conversations with 

multiple HIOs and encountered significant barriers to securing data including, HIOs not having 
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the necessary technology to compile a multi-institutional dataset or de-identify data to protect 

patient privacy, outright prohibition of the use of exchanged data for research, and excessive 

administrative burdens such as having to request IRB approval from over 40 institutions. Our 

ultimate partner for the HIO transitions of care study, the INPC, is the most cited HIO and 

arguably the most experienced working with researchers. As anticipated, the INPC had an 

established process for researchers to request and receive data. Nevertheless, the process did 

require persistence, time and resources. INPC has a formal data request process to ensure 

balance between protecting the interests of their participating providers and their patients, the 

needs of researchers, and the INPC’s need for sustainability. Researchers requesting data are 

required to provide a proposal with proof of IRB approval as well as financial assistance to 

support the cost of employing INPC data managers, who are essential for data preparation and 

maintenance. 

Where do we go from here? 

Significant challenges exist that are either delaying or preventing HIOs from reaching their full 

potential as resources for research. To be effective partners in research, HIOs should have an 

expansive network of participating health care providers that share a comprehensive set of 

clinical information through the HIO. Providing data to researchers requires HIOs to develop 

appropriate technological and administrative infrastructure; policies and procedures, including 

privacy and security protections when sharing data with researchers; and, a business case for 

providing research support services. Such a business case would include a detailed outline of 

the targeted research support services, an analysis of the gaps between current and necessary 

technological and organizational capacity, analysis of the market for research support services, 
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justification for developing the capacity to support researchers (how do these services align 

with the mission and strategic direction), cost-benefit analysis, and an implementation plan 

that addresses personnel, technology and marketing. Costs beyond existing HIO operations that 

are associated with developing the capacity to support research are dependent on the 

technological and organizational capability of the HIO. For example, not all HIO software 

systems are capable of creating multi-institutional databases. Many of them are structured to 

access information for one patient at a time as they were created to support clinical care. To 

support research, the HIO would need to invest in additional software and potentially staff. 

Another example would be the expertise of personnel. HIOs with staff knowledgeable of 

research methodology and protocols are better prepared to evaluate the legitimacy of requests 

for data, interact with researchers to ensure data requests are appropriately filled, and monitor 

issues that could impact ongoing research projects. Since most HIOs do not employ staff with 

this type of expertise and experience, the cost for a new employee or consultant to meet these 

needs should be included in their cost analysis. HIOs must also gain partners' support for 

secondary use of their data for research and implement mechanisms to manage the research 

process among the multiple levels of the organization, research partners, and individual staff. 

Engagement in research additionally requires HIOs to develop expertise and systems for 

monitoring compliance with rules and regulations specific to human subjects research, an area 

of expertise not required by their primary mission to deliver clinical information that informs 

the delivery of health care.  

To overcome these challenges requires partnerships between HIOs and interested researchers. 

Their objectives, while different are complementary. For researchers, HIOs could be important 
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research partners as they are a potential source of relevant, cross-institutional clinical 

information. Data from HIOs could greatly expand the number and types of health care 

organizations contributing health care data and the pool of potential research participants, 

promoting greater generalizability of research findings. For HIOs, supporting research provides 

HIOs with a mechanism to create additional value for participating providers and partnering 

organizations. HIOs that can differentiate their role from other options for point-to-point data 

exchange such as, ONC’s Direct protocol, or HL7 interfaces directly connecting data providers to 

receiving providers, may be best positioned for sustainability. In addition, preparing shared 

data to support research requires similar efforts as preparing data to evaluate outcomes and 

health care utilization within and across organization boundaries and would likely highlight data 

issues in need of further quality improvements by the HIO and its participating providers. By 

committing to support researchers, HIOs and their data contributing organizations commit to 

ongoing efforts to increase the amount of clinical information shared as well as improving the 

use and adherence to standards such as HL7, LOINC, and SNOMED CT—which facilitate sharing 

information across institutions and EHR technologies. These commitments also further the 

mission of HIOs to deliver clinical information that informs the delivery of health care as they 

promote more clinical information delivered in a more consistent manner. 

Future Policy Recommendations 

The ONC, as the primary governmental agency responsible for the interoperability of health 

information systems, has the opportunity to influence federal policy to enable and encourage 

the development of research capacity by HIOs. First, allowing future HIO funding opportunities 

to address network and infrastructure development necessary for research would provide an 
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important avenue for funding, addressing a barrier for HIOs many of which do not have 

significant cash reserves. It would also incorporate research support into the federal definition 

of a HIO which is widely referenced and consulted. Second, the ONC could work with their sister 

agency, Centers for Medicare & Medicaid Services (CMS), to incorporate incentives into 

payment systems for post-acute care providers to encourage development of health 

information exchange capacity and participation in HIOs. Third, the ONC could work with CMS 

to tie existing incentive programs for health care providers to continuous efforts to improve the 

accuracy and comprehensiveness of the clinical information exchanged through HIOs. This work 

with CMS would support both the development of research capacity as well as HIOs’ primary 

mission of providing relevant clinical information to providers across organizational boundaries. 

Fourth, the ONC could work with the primary HIO technology vendors to encourage 

incorporation of functionality necessary to support research into their products. HIO 

technology vendors are in a very competitive market and supporting HIO clients in their efforts 

to secure additional ONC funding or to recruit additional providers, such as post-acute 

providers, could give the vendors an edge maintaining their existing HIO clientele and attracting 

new clients. Finally, the ONC could work to modify HL7 standards by ensuring consistent 

definitions for data variables critical for supporting transitions of care such as ‘patient class’ 

which is used to classify location of encounters but has limited categorization of care settings 

(inpatient, outpatient and emergency).  

Future Research Framework 

The following framework for future research identifies key areas requiring resolution to 

maximize the utility of HIOs for research. While the framework is new, research is ongoing in 
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some areas, particularly looking at the impact of HIO use on clinical care. Examples are provided 

below each category but are not intended to be exhaustive. 

Impact on clinical care 

• whether timely access to clinical information from patients’ other health care providers 

informs delivery of care and improves timeliness, effectiveness and efficiency; 

• whether the use of HIO data by health care providers facilitates improved patient 

outcomes;  

• how the use of HIO data influences the ordering of tests and imaging; 

• whether and how HIOs facilitate transitions of care between health care institutions 

through improved and timely transfer of clinical information; 

Data validation – Is HIO data a sound choice for research projects? 

• whether the clinical information in an HIO is representative of a definable underlying 

target population (accurate, representative, and sufficiently complete);  

• how providers participating in an HIO are similar to, or different from, providers not 

participating whether providers participating in an HIO care for patients in a manner 

similar to providers not participating (i.e., does the use of HIO data in a research project 

introduce selection bias?);  

• how HIO structure, network, and business practices affect the quality and 

comprehensiveness of the data;  



116 

• how HIO structure, network, and business practices influence whether and how the data 

are available to researchers;  

Functionality of HIOs for research purposes 

• understand challenges to developing the necessary infrastructure and policies to foster 

HIO engagement in research; 

• confirm the reported administrative and technological infrastructure in place is 

functioning; 

• determine whether a researcher can access HIO data, the cost-effectiveness of this 

resource, and associated restrictions and limitations;  

• evaluate whether an HIO facilitates the development of a multi-institution dataset or if 

the amount of effort to use an HIO is equal or more than the effort of securing data 

from each provider organization separately;  

HIO as a data source for clinical research 

• determine utility of HIO support for participant identification and recruitment; 

• assess whether HIOs can support timely reporting of safety data for participants of 

clinical studies; 

• evaluate the use of HIOs as mechanism for reporting of safety and other data to federal 

agencies including the Food and Drug Administration (FDA), Agency for Healthcare 

Research and Quality (AHRQ), and the National Institutes of Health;5 and, 
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• determine the impact of and strategies to address incomplete encounter information as 

a result of patients seeking care at non-HIO participating health care providers. 

Conclusion 

As the rapid expansion in the use of EHRs and the growth of health information exchange are 

relatively recent, HIOs support for research is still developing. While we found limited utility of 

HIO provided data to study transitions of care for ICH patients, we used data from one specific 

HIO and other HIOs may have broader participation by providers other than hospitals. 

Additional research is required to determine whether HIOs are viable partners for research 

outside of ICH transitions of care and the evaluation of HIOs themselves. 
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