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Summary
Background: Health information exchange (HIE) has the potential to improve the quality of health-
care by enabling providers with better access to patient information from multiple sources at the 
point of care. However, HIE efforts have historically been difficult to establish in the US and the fail-
ure rates of organizations created to foster HIE have been high. 
Objectives: We sought to better understand how RHIO-based HIE systems were used in practice 
and the challenges care practitioners face using them. The objective of our study were to so investi-
gate how HIE can better meet the needs of care practitioners. 
Methods: We performed a multiple-case study using qualitative methods in three communities in 
New York State. We conducted interviews onsite and by telephone with HIE users and non-users 
and observed the workflows of healthcare professionals at multiple healthcare organizations par-
ticipating in a local HIE effort in New York State.
Results: The empirical data analysis suggests that challenges still remain in increasing provider 
usage, optimizing HIE implementations and connecting HIE systems across geographic regions. Im-
portant determinants of system usage and perceived value includes users experienced level of 
available information and the fit of use for physician workflows. 
Conclusions: Challenges still remain in increasing provider adoption, optimizing HIE implemen-
tations, and demonstrating value. The inability to find information reduced usage of HIE. Healthcare 
organizations, HIE facilitating organizations, and states can help support HIE adoption by ensuring 
patient information is accessible to providers through increasing patient consents, fostering 
broader participation, and by ensuring systems are usable.
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1. Introduction
The US faces the challenge of improving the quality of healthcare in the midst of a fragmented sys-
tem while at the same time controlling the rising costs of healthcare. A major component of the fed-
eral Health information technology (HIT) policy, as well for many of the states, is the widespread 
adoption of health information exchange (HIE). HIE systems enable providers electronic access to 
patient information from several different healthcare organizations [1]. Better access to patient in-
formation from multiple sources at the point of care has the potential to improve healthcare: com-
prehensive patient information can support optimal decision making [2]; the availability or recent 
diagnostic tests can decrease duplicative testing [3]; better medication information can improve pa-
tient safety [4]; complete pictures of patients’ patterns of care can improve care coordination; and 
HIE systems can potentially save money and support public health [5-7].

In hope of realizing these benefits, the federal government has awarded grants totaling $548 mil-
lion to help states develop and advance state-wide HIE. This funding for state-level HIE is part of a 
broader federal government investment of $19.2 billion towards the modernization of healthcare 
services through the implementation of interoperable HIT [8]. State HIE funding was awarded to a 
state government agency, or a non-profit entity designated by the state, to lead the exchange of infor-
mation between providers within their state and also to work on exchange between states [9, 10]. 
These state designated entities set state-wide polices, recruit provider participation, and implement 
exchange technologies. Some states separated the policy-making and actual technical implemen-
tation roles between state agencies and their state designated entities [11]. While this funding intro-
duced state-level HIE efforts for the first time in some locations, many states were already home to 
regional or local HIE efforts operating on a sub-state level. Local HIE efforts included Regional 
Health Information Organizations (RHIOs), which are non-profit collaborative organizations 
tasked with the responsibility of establishing information exchange between health care stakeholders 
in the local community in order to improve cost and quality [12, 13], and other exchange models 
like enterprise HIE efforts [14] or vendor-mediated exchange [15]. The approaches to HIE vary 
across states, but often it is the network of networks approach: providers and organizations join a 
local HIE effort for exchange purposes and the state designated entities serves to connect local HIE 
efforts to achieve state-wide exchange. 

While HIE systems have the potential to improve care and save costs, historically HIE efforts have 
been difficult to establish in the US [13] and the failure rates of organizations created to foster HIE 
have been high [16]. The development of interorganizational relationships necessary to create HIE 
can face organizational, financial and attitudinal barriers [17]. Additionally, when HIE systems are 
in place for providers to use in practice, technical, usability, and workflow barriers can discourage 
usage [18-20]. Generally, HIE system usage tends to be infrequent [21-24], suggesting challenges in 
integrating HIE into the organization’s workflow and practice. 

Given the historic difficulty with HIE in the US, we sought to better understand how RHIO-
based HIE systems were used in practice and the challenges care practitioners face using them. Spe-
cifically, the objective of our study was to so investigate how HIE can better meet the needs of care 
practitioners by:
1. assessing if the HIE system supports its users information needs;
2. investigating workflow-fit;
3. evaluating the systems usability; and
4. using our findings to offer recommendations to those organizations facilitating HIE and to 

healthcare organizations seeking to use HIE to ensure that HIE is better integrated into patient 
care services.

With the significant government and local investment in HIE infrastructure, the effective appli-
cation of those investments within healthcare organizations becomes a critical area of inquiry.
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2. Research Methods

2.1 Study Design
In order to understand the myriad of challenges, issues, and applications of HIE in various settings, 
we undertook a multiple-case study using qualitative methods. We conducted interviews onsite and 
by telephone with HIE users and non-users and observed the workflows of healthcare professionals 
at multiple healthcare organizations participating in a local HIE effort in New York State. The state 
provides a suitable setting for the evaluation of HIE efforts in healthcare organizations and has al-
ready invested nearly over $440 million into the modernization of their healthcare through the 
HEAL NY program [25-27]. At the time this study took place (May 2013), 11 RHIOs existed in 
within the state [28] in addition to the state designated entities charged with state-wide HIE.

2.2 Setting & Sites
With the assistance of the New York eHealth Collaborative, the private-public non-profit organiz-
ation charged with facilitating state-wide HIE, we identified and secured the cooperation of three 
RHIOs. Our selection criteria the RHIOs inclusion in the study was that they serve three distinctly 
diverse communities in order to allow maximize variation and comparison [29]. All three of the 
RHIOs had received public start up and implementation funding through the HEAL NY program 
and have been in existence for 7 or more years. As indicated in ▶ Table 1, the three communities 
provided varying perspectives in relation to the geographic area served, population size, population 
distributions, provider participation, number of users, year the RHIO HIE system was implemented, 
and technology offerings. For example, Community A consists of large city in the western portion of 
the state surrounded by adjacent rural counties, Community B consists of a mostly rural area with 
small cities area, and Community C includes large portions of the New York City metropolitan area. 
In all three communities, healthcare organizations are able to engage in HIE activities through the 
RHIOs HIE service. At the time of the study, all three RHIOs used different commercial HIE plat-
forms to facilitate data exchange. Additionally, the HIE exchange architectures varied between com-
munities, where Community A and C used a federated model and Community B used a centralized 
model. In a federated model, participating organization locally store and retain control over the pa-
tient information and responds to queries when information is requested from other organizations 
subscribing to the local RHIO effort. In a centralized model, patient data is collected from partici-
pating organizations but is stored in a central repository maintained by RHIO. Participating organ-
izations are able to retrieve data through external delivery methods [30]. Also, each RHIO operated 
a stand-alone query-based HIE web portal where authorized users could search for patients and ac-
cess their information. In addition to this, the RHIOs also facilitated the automatic delivery of Con-
tinuity of Care Documents (CCDs) or other defined sets of electronic message standards designed to 
facilitate the data exchange of a clinical document between EHRs from different vendors. The three 
communities also used other services and methods to engage in information exchange activities. 

General policies around patient consent for HIE inclusion are set at the state level; in all three 
communities the rules for how patients are included in, and their data area accessible from, each 
RHIO were uniform. New York is an opt-in state meaning patients must provide written consent to 
have their patient information accessible to authorized users. Providers and organizations agree to 
participate in a RHIO, but those organizations may only view their patients’ data after those patients 
have provided written consent allowing access. Each participating healthcare organization is able to 
electronically document in their respective HIE system patient consent status, thereby enabling data 
to be accessed. For this study, the single consent policy provides a specific advantage. Because all 
three sites operated under the same rules, differences between consent rates likely reflect at least in 
part the implementation of consent processes within organizations participating in the RHIOs.

2.3 Data collection
Data were collected during two-day site visits to each of the communities served by the three 
RHIOs. Prior to the site visits, a staff member from each RHIO provided us with an overview of the 
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HIE effort and an interactive demonstration of their HIE system’s interface, data sources, and func-
tionalities. In this way, we were familiarized with the capabilities and objectives of each effort prior 
to data collection. We also reviewed instruction manuals, recruitment materials, and technical docu-
ments from each RHIO. 

In each community, we specifically sought informants in primary care and emergency care set-
tings as these settings can face significant challenges in obtaining information about care delivered 
by other providers. We asked RHIO staff to help identify and secure the cooperation of current, for-
mer and non-users of their system users in each of these settings. Informants were eligible to partici-
pate in the study if they had knowledge of the RHIO and the HIE system. To ensure that the differ-
ent point-of-views would be considered, we used a snowball sampling procedure in which we asked 
each informant to recommend other potential interviewees at that site who could provide additional 
insight about their experiences with the HIE system. Snowball sampling is beneficial when represen-
tation from diverse communities is needed and when identifying participants where there are 
multiple eligibility requirements [31].

Interviews were conducted at the informant’s place of work, using a semi-structured protocol 
with questions aimed at investigating users experiences of interaction with the different attributes of 
the HIE system (see appendix 1). Pilot interviews with healthcare service researchers guided the re-
finement of the original interview guide. The interviews lasted an average of 30 minutes and were 
audio recorded. Additionally, we observed in-person the processes of obtaining patient consent and 
how users accessed the HIE system [32]. All observations were documented through the use of field 
notes.

The data collection process at each site ended when the point of data saturation was reached, that 
is when the interviews and observations did not produce any new information [33]. From the inter-
views and field observations, it was possible to create a narrative of how the HIE system was inte-
grated into the daily workflow and user-experience at each site. All data collection began in May 
2013 and ended in June 2013.

2.4 Data Analysis
All interviews were transcribed and coded using QSR NVivo 10. The coding process was iterative, 
using both an initial coding scheme and open codes [34, 35]. We first used categories and codes 
based on the study objectives and interview protocol. A second cycle of coding took place in which 
the authors remained open to new codes and categories when appropriate. Using an axial coding 
strategy, we related the group codes with the same content and meaning into categories. Selective 
coding was used to analyze patterns and identify emerging themes [36]. The analysis was carried out 
until theoretical saturation had been achieved, that is when the data analysis ceased to generate any 
new or distinctive categories, high level concepts, or substantive codes. Two of the authors (PK and 
JV) coded transcripts independently and frequently reflected on their coding decisions to support 
‘researcher reflexivity’ in order to increase the trustworthiness and credibility of the results [37]. The 
authors resolved differences through team meetings and discussions to reach consensus. The most 
revealing quotes were selected to illustrate the results of our analysis. 

3. Results
We interviewed a total of 38 healthcare professionals (▶ Table 2). Overall, we visited 3 EDs and 7 pri-
mary care practices. The primary care practices included a federally qualified health center, a com-
munity health center, solo practices, and large group practices. Three distinct groups of participants 
were identified as the users of the RHIOs HIE system: physicians, other clinical users and adminis-
trative staff. To preserve individual confidentiality, we only identify the respondents quoted in this 
study as clinical or administrative users located in either the emergency department (ED) or in any 
other outpatient setting (i.e. office practice). During our site visits, we observed that all care organiz-
ations were equipped with Electronic Health Records (EHRs). The majority of private practices also 
had access to external systems, such as the local hospitals Picture archiving and communication sys-
tem (PACS) and EHRs, via physician portals. All care organizations have access to their RHIO’s HIE 
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system through a web portal. However, some primary care providers did not use this feature fre-
quently, but instead relied on the RHIO to automatically “push” clinical data to their EHR through 
Continuity of Care Documents (CCDs) or other standards of electronic data interchange such as 
HL7 formatted messages [38]. ▶ Table 4 summarizes the 8 major themes identified during our 
analysis that directly addressed the research objectives of this study. 

The themes Availability of information and Search confidence describes user’s perceptions and 
level of confidence in relation to finding relevant information in the system. Purpose of usage and 
Frequency of usage are descriptions of users’ activities and goals for using the HIE system. Inform-
ants’ experiences with and perceptions of the HIE systems Usability are captured by system per-
formance and information management. Lastly, the themes of Patient consent, Healthcare organiz-
ation participation and non-RHIO related exchange mechanisms can be loosely considered as con-
textual factors impacting information exchange. 

Although other categories and themes were discovered during the analysis phase, we have chosen 
not to include them in the manuscript as they were not directly related the research objectives of this 
study. Additionally, during the interviews we learned of instances where HIE supported users work 
or helped improve care. Although these “success stories” are not part of the objectives of this study, 
we felt it was important to document good outcomes from the efforts of these communities. These 
are not all the examples of efficiency or improvements to care, but these quotes demonstrate the ac-
tive good work occurring in the communities included in our study. We have provided examples in 
▶ Table 3.

3.1 Supporting the information needs of users
In the case of query-based exchange like the RHIOs’ web portals, it is not sufficient to simply have 
the technology available. Users must be able to actually employ the system and find the data that 
they need. The Availability of information was critical for continued use and adoption. In all three 
cases we noted that the perceived availability of information influenced whether practitioners would 
choose to utilize the HIE system or non-RHIO related exchange mechanisms. Among Community 
A and Community B users, practitioners are able to retrieve the objective clinical data the majority of 
the time. However, users Search confidence in being able to find information varied as the majority 
of data they were looking for was nearly always unavailable – even with their respectively high pro-
vider participation rates. Users in Community C reportedly experienced less available information in 
the system.

There’s still a lot of patients that have nothing on there, though …..I’d say at least 30% of the time, there’s no-
thing in the system... (Clinical, outpatient, Community B)
I would say I get the information I’m looking for like, maybe 70% of the time…. (Clinical, ED, Community A)
The hit rate for the data I need is very small. It’s less than 5%, which is the biggest reason I think why people 
aren’t using it and I think why I don’t use it more often. (Clinical, ED, Community C)

Physicians at all three communities reported a low tolerance for failures to find information: if infor-
mation searching was not success in the first three or four attempts, physicians would abandon 
usage all together. 

The amount of data available in the HIE system was dependent on two key factors: patient con-
sent and healthcare organization participation.

Patient consent is necessary for information to be available to HIE users and one avenue to im-
prove the usefulness of HIE to users would be to increase the number of consented patients. Consent 
is obviously an individual choice, but healthcare organizations can establish processes to obtain con-
sent and encourage patient consent by being a source of information about the positives of the local 
RHIO. The sites that we visited indicated that success in obtaining patient consent varied dramati-
cally between Community C and the two other communities. Neither the primary care practice nor 
the ED participating in Community C had established and implemented regular workflows for se-
curing patient consents. The ED was in a busy, urban hospital, and observation and interviews re-
vealed the registration staff did not prioritize obtaining RHIO consents. The clerks did not possess 
the skills or knowledge to effectively educate patients, so after experiencing several refusals to con-
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sent, the clerks quit trying. In the primary care clinic, after the initial push to obtain consents by 
RHIO staff stationed in the clinic ended, widespread attempts to get consents dropped off. Event-
ually, it was primarily case managers who were collecting consents, but that accounted for only a 
fraction of the clinics total patient population.

So most of the clerks don’t push the effort, because they’re like, the patients hate the form, they hate the idea of 
sharing their medical information…..so there’s no real training for the clerks to say what it is…. (Adminis-
trative, ED, Community C)

As with Community C, after a facility joined the RHIO, both Community A and Community B 
would station staff members at the location to consent patients and train staff. Unlike, Community 
C however, Community A and Community B experienced more success due to front staff members 
explaining the purpose of the HIE to the patients even though many front line staff had not been di-
rectly trained by RHIO staff or had only learned about HIE on the job. All cases showed that pa-
tients are generally receptive if the care organizations willingly guide and educate the patients on the 
benefits of having their data made available for sharing on the HIE system. 

Once you know you explain to them or even give them that question answer sheet, if they have it, they’re 
usually opt to change their mind, so it is very little percentage of the patients that say no.(Administrative, out-
patient, Community B)
I’ve had a couple that I’ve had to talk to about it, and once they understand that it’s not that everybody can go 
out there and get their info, and if they want to know who’s looking at it, they can get that information. (Clinical, 
outpatient, Community A)

While these two RHIOs appeared more successful in obtaining consent and responding to patient 
concerns, they still reported some patients did not understand why consent forms had to be signed 
at multiple locations and why the extra paper work was needed.

All sites wanted more Health organization participation from providers, different types of or-
ganizations, and even other RHIOs in order to increase the volume of information available in each 
RHIO’s HIE system. 

The other thing that would be ideal would be if [other providers] would link up with [the HIE]. We have a lot of 
patients that go to [other provider]…they’re reluctant to share with any RHIO. (Clinical, outpatient, Community 
B)
[the HIE] incorporates most of the nursing homes, which is a large amount of our population, especially the 
population who cannot provide history and the population.. I do believe having more primary physicians would 
also be helpful…Obviously the more facilities, the better, the higher the hit rate will be. (Clinical, outpatient, 
Community C)
We have a couple sites [other providers] that are very close to Buffalo. (Administrative, outpatient, Community 
A)

Additionally, respondents from all three RHIOs noted the inherent challenge with geographically-
based exchange: patients saw providers served by other exchanges. 

We see a ton of students from downstate. It would be great to have their information. They say, “I saw my car-
diologist on LI, but I can’t remember what he said.” That information would be great. (Clinical, outpatient, Com-
munity B)
We have a lot of patients who use Manhattan facilities, as I’m sure every outer borough has and Long Island 
probably has. So I think that that would be the biggest help. They may not live there, but their data is there. 
(Clinical, ED, Community C)
We do need to hook up with Buffalo’s RHIO. (Clinical, outpatient, Community A)

Even among users that were supportive of the RHIOs’ efforts to foster exchange saw this as a limi-
tation that needed to be addressed. One private practice physician noted the need for nationwide ex-
change given their large “snow bird population” that traveled annually to Florida. 

Research Article

P. Kierkegaard et al.: Health information exchange

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



867

© Schattauer 2014

3.2 Workflow Fit

Interviewees reported that the Purpose of usage for their interaction with the HIE system was to 
overcome information sharing and gathering challenges. These included all types of clinical infor-
mation: medications, radiology reports & imaging, and prior laboratory test results. In Community 
A and Community B, the HIE systems enables the access of actual radiology imaging in addition to 
reports and that feature was very popular with users. 

It’s a wonderful resource because we can’t always access the information through the computers for other prac-
tices. So if they’re signed up with [the RHIOs] through the other practices, then we can utilize the information 
from one resource, which is very nice. (Clinical, outpatient, Community B)

An emergency physician using the system in Community C reported that the HIE is accessed to help 
identify potential drug seekers and another physician participating in Community A described how 
historical laboratory data can help make more informed decisions around care. 

I’ve used it occasionally when I question a patient’s use of medications. And try to promote it in house, which it’s 
a big topic and I don’t think it’s been adopted fully yet. (Clinical, ED, Community C)
Just looking for a historical data, patient’s creatinine values. Typically, is this a new anemia? Is this a chronic 
anemia? [Does] the patient have a creatinine of 2.5? Is it always 2.5? Is it up from normal? And that kind of 
stuff. (Clinical, ED, Community A)

Each of the EDs and primary care sites observed had “active” users. However, the Frequency of 
usage varied between the RHIOs, the settings of care, and professional types. In general, physicians 
rarely accessed the HIE web portals due to workflow disruptions and their own EHR systems pro-
viding the necessary information. However, most facilities had at least one physician “champion” 
who was an active user of the HIE web portal, but usage was most common among other profes-
sional types.

I don’t use it that often. I’ve probably used it once a month, once every other month in the last year. (Clinical, ED, 
Community C)
I don’t actively go on the portal itself, because for my electronic medical record it’s one other step that I’d need 
to do that I haven’t found that helpful yet, mainly because I use it so infrequently I forget the password since it’s 
[HIE portal] not connected with our EMR. (Clinical, outpatient, Community A)

Often, we noticed that some physicians delegated the task of interacting with the HIE systems to ob-
tain information to proxy users. While physicians were the ultimate consumers of the information, it 
was the responsibility of medical scribes, clerks, case managers, and assistants to actually use the 
HIE system. For example, in the ED, use-by-proxy was exclusively for the web-based portal HIE sys-
tem. After retrieving the data, the proxy users would relay the information to the physician during 
the point of care. In the ED, proxy use varied from the ad-hoc to the codified. As an example of the 
latter, the ED participating in Community B provided dedicated medical scribes to physicians 
whose role was to retrieve clinical information and relay it to the physician. This setting had a high 
frequency of usage as a result.

“We’re using this all the time.” (Clinical, ED, Community B)

In primary care settings, physicians would not only rely on proxy users to access the web portal, but 
left the task of reviewing and parsing the data delivered via CCD for inclusion in the EHR to other 
staff members. Again, proxy usage could be fairly informal (asking an available staff member to re-
trieve information), or it could be much more structured. One large practice gave the job of parsing 
CCDs to assistants who were trained on the respective physician’s preferences for existing informa-
tion and historical labs. Because of the availability of both “pull” (the web portals) and “push” (CCD 
delivery), overall usage or reliance on HIE for data tended to be much higher in primary care set-
tings than in the emergency departments.
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3.3 Usability

In addition to having data in the system and being able to locate it, the design, functionality, and 
performance of the system must not create barriers to usage. In the case of each RHIO’s portal, Us-
ability was a concern for physicians who saw the login process as disruptive care processes and a sig-
nificant barrier given the limited time available to treat patients. Other concerns raised involved the 
systems slow response time. 

It’s been a struggle to get people to use [the HIE] because of that extra login and the learning curve, which I 
think is not much of a learning curve, but others do. I think it’s that extra login and having to go to yet another 
site.… (Clinical, ED, Community B)
Changing screens, definitely goes past the point where you want to shut it off. I mean, for most people in out-
side a second. So it’s not slow - it’s barely even moving, but it’s slow enough that’s noticeable, that using it is 
slow. (Clinical, ED, Community C)
A clunky system, and by no means are [physicians] going to accept it with open arms.… [physicians] don’t want 
anything to do with it, let alone remembering a second log in or tenth log in, and then having to deal with fum-
bling around a system when we already have a bad EMR to begin with... (Clinical, ED, Community A)

Because proxy users were often delegated the task of interacting with the HIE system and not engag-
ing in the dual task of providing care to patients, they did not perceive the portals as particularly 
slow or the step of logging into another system as that onerous in comparison to physicians. 

Informants in primary care settings raised additional concerns about the automatic delivery of 
CCDs and HL7 messages. In their case it was not that HIE was too slow, it was that HIE was too effi-
cient in delivering large quantities of information. The volume of information was too much for the 
practice to handle.

[Automatic delivery of information] is a little inundating, because we get that every single time. It’s not since 
their last visit or since the beginning of the year, it’s all their information that [the HIE] has (Administrative, out-
patient, Community B)
We’ve turned [automatic information delivery] off because of course I don’t want to see the labs every single 
day that a person is in the hospital (Clinical, outpatient, Community A)
So that’s been the biggest problem for us as physicians in trying to handle the volume and the flow in such a 
rapid succession. The problem with having structured data without human or physician or practitioner evalu-
ation is that when I get labs back, three quarters of them are considered or flagged abnormal, but it might be 
because of a small thing … not clinically relevant to what we need. So often, you can’t sift the wheat from the 
chaff. (Clinical, outpatient, Community A)

4. Discussion
Our investigation of three communities served by three operational RHIOs revealed differing ap-
proaches to system utilization, different user experiences, and contextual factors that were integral to 
workflow fit and user perceptions. Our findings indicate that HIE can be successfully used to meet 
the needs of healthcare practitioners and support their workflow. However, HIE still faces several 
hindrances that are preventing it from reaching its full potential and demonstrating value to phys-
icians (e.g. usage of HIE supports patient care). The important determinants of system usage and 
perceived value include users experienced level of available information and the fit of use for phys-
ician workflows. Fortunately, these issues of workflow-fit and information availability are amenable 
to both policy-based and technological solutions. There are opportunities for all concerned (health-
care organizations, RHIOs, and the state policy makers) to implement improvements around patient 
consent, provider participation, and interconnectivity to help HIE better meet the needs of care 
practitioners.

In line with the first objective of this study, our results reveal that HIE systems can better support 
the information needs of care practitioners if there is an increase in the number of patients con-
sented into the system and more access to comprehensive patient data is made available through the 
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expansion of patient data sources through an increase in provider participation and interconnectiv-
ity between HIE systems. Addressing these problem first would help minimize the challenges associ-
ated with the poor availability of information in the system and users low levels of search confi-
dence. Such problems often leads to reduced usage of HIE [20]. We propose the following recom-
mendations as to how these challenges can be addressed. 

First, the low number of patients consented into the system is an issue that originates with the pa-
tients first point of contact – the front desk staff. Universally, the front desk staff, such as registration 
clerks, were responsible for obtaining patient consents and therefore could either enable or limit the 
extent of availability of information inside the shared through the HIE services. Other investigations 
have noted issues around obtaining patient consent [39], but our findings highlight the important 
role of these non-clinical members of the healthcare organization. More than often, our study re-
vealed that the lack of formal training of front desk staff in interpersonal skills and presentation 
methods presented a stumbling block in obtaining consent due to their inexperience on how to edu-
cate patients concerning the value of HIE and how it would benefit the quality of their care. Organ-
izations seeking to increase the usefulness of HIE for their users and providers should consider pro-
viding additional training and support for front desk staff in terms of their interacting with patients 
in order to obtain their consent. The implications of our study reveals that building the internal ca-
pacity to provide persuasive justifications for consent and a culture of being pro-active in obtaining 
patient consent are critical. While the front desk staff work consists of established verbal routines 
with patients [40], they are unlikely trained in handling relationships with patients [41], as their role 
primarily responsibilities involves administrative and clerical tasks such as “checking-in, booking 
appointments, filing, coding and directing” [42]. More skills in interpersonal relationships with pa-
tients and persuasion may be very productive in obtaining patient consent. At a minimum, better 
integration of consent processes into work routines should help consent rates [43]. Without addi-
tional support or formal training of new staff, staff turnover could erode even successful organiz-
ation’s ability to obtain patient consents. An emphasis on front desk staff ’s acceptance of informa-
tion exchange would be a relatively new area of focus for organizations as usually most attention re-
garding HIE and information technology acceptance is focused on physicians and clinical staff. 

Second, care practitioners access to the range and comprehensiveness of patient data was often 
due to low provider participation in HIE and non-RHIO related exchange mechanisms. For health 
information exchange to better support the information needs of care practitioners, providers must 
have access to a wide, and nearly comprehensive, range of data sources. Historically, increasing pro-
vider participation in HIE has been a RHIO responsibility. However, that approach may have reach-
ed its limits of effectiveness, or at least may be in a period of diminishing returns. Users in this study 
wanted more providers participating, but that is within the context of numerous forces that should 
increase participation: providers generally wanting the information made available by HIE systems 
[44], extensive state and federal funding for practices to implement EHRs [9, 45], Meaningful Use 
criteria that require exchange capabilities [46], and (at least in New York) RHIOs that have been op-
erational for multiple years. Currently, providers have multiple options to meet Meaningful Use 
requirements that do not require the on-going exchange of data with a wide-variety of community 
providers as in the RHIO model. Exchange models like vendor-mediated exchange or enterprise 
HIE efforts may be limiting participation in RHIO and therefore limiting data available to RHIO 
users [47]. To address this option, the state could require providers to participate in a RHIO. An al-
ternative solution would be to require all non-RHIO health information organizations (like enter-
prise HIE, vendor-mediated exchanges, integrated delivery systems, or even accountable care organ-
izations) to make patient data accessible to individual RHIOs via the state-level exchange network. 
This would leave individual providers free to engage in exchange relationships that meet their busi-
ness needs, but would prevent the further development of information silos. As needed for patient 
care, users would be able to query patient information regardless of source and it would treat other 
types of HIE organizations in the same manner as other RHIOs in the area of interconnectivity. 
RHIOs and those implementing HIE systems have roles in addressing the above challenges. How-
ever, they are more directly responsible for the technological concerns of system usability and hand-
ling the volume of information. State policy interventions could also address all three of these factors 
(patient consent, provider participation, and interconnectivity) that are limiting the information 
available to providers through HIE. While individual organizations can strengthen the HIE consent 
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process, as we recommend above, this is really a piecemeal approach. State policy could uniformly 
remove the limitations of consent processes by shifting from an opt-in policy to an opt-out model. 
As the name implies, under this approach patients are assumed to have consented to have their in-
formation made available to providers unless they specifically rescind that access. New York selected 
an opt-in model after a state-wide collaborative process, but that policy could be revisited. A large 
proportion of states have selected opt-out approaches or even more nuanced levels surrounding spe-
cific types of data and health conditions [10]. The wide variation is again reflective of the US’ his-
torical approach of letting states and even localities tailor HIE efforts to their own political and so-
cial environments [13, 48]. Opt-out models address the logistical challenges of obtaining consent 
and increase patient participation [10, 11], it is already in use for public health’s immunization infor-
mation systems [49], and would allow individual RHIOs and organizations to redirect resources 
away from obtaining signatures to other areas of operation. Additionally, studies have revealed that 
patients are generally supportive of HIE and comfortable with their information being made avail-
able to providers [50-52]. However, opt-out models are not without challenges in terms of ensuring 
patient comprehension and choice [53]. States choosing an opt-in consent policies need to be ready 
for wide variation in consent rates [43] and their potential consequences on HIE usage with alter-
native means of public education and provider support.

In relation to the second and third objective of this study, our findings suggest the need for tech-
nology based improvements to better the usability of systems and their workflow-fit. In our study, 
physicians reported workflow challenges due to several factors that have caused disruptions to their 
workflow such as a slow system response time and multiple logins. Single sign-on or more context-
aware system integration are necessary to increase usage of the RHIOs’ web-based portals, especially 
for physicians [20, 54]. Interestingly, our interviews also indicated that the more information pres-
ented to the users may not always be better. Previously, the amount the impact of information 
shared on patient perceptions of HIE has been discussed, however, with this study we were able to 
get some insights of the impact on HIE users [55]. Given the efficiency of technology, the amount of 
patient information that can be shared may outpace any individual’s or organization’s ability to effec-
tively use it. The automatic delivery of recent patient information through CCDs or HL7 messages 
may provide many conveniences, but the information needs to be filtered to provide better overview 
of meaningful information for clinicians. For example, providers were uninterested in discontinued 
prescriptions, tired of clinically irrelevant labs, or did not want to deal with every lab result gener-
ated during long hospital stays when they only wanted the relevant information from the discharge 
summary. To minimize usability challenges, RHIOs could benefit from increasing physician involve-
ment during the HIE systems design process using participatory design techniques [56], and con-
duct pilot implementations prior to exposing their system to a larger number of providers [57].

This study also raises the discussion that the idea of a “user” of HIE requires clarification. Pre-
vious evaluations of query-based exchanged portals have found that providers can obtain HIE gen-
erated information indirectly, such as having frontline office staff print records [20, 58]. In the set-
tings of this analyses, the practice of use-by-proxy was more extensive and often was more formal-
ized. The more extensive proxy usage was a result of multiple forms of information exchange tech-
nologies in use at the sites. Whether it was query-based or point-to-point transmission approaches 
to HIE, providers relied on other users to access the information on their behalf. While this practice 
of proxy usage could remain ad-hoc, in some settings it was highly formalized with specific job titles 
and responsibilities. The use of proxies effectively places a filter between the ultimate consumer of 
the information and the information system delivering patient information. This is not necessarily 
bad, as some proxy users were clinically trained and had close working relationships with their pro-
viders that refined information sharing techniques, but the practice can pose challenges for, user ac-
ceptance, design, and evaluation. For one, the presence of proxy users indicates the system, either in 
terms of functionality or workflow fit, is not meeting the needs of providers. Also for those imple-
menting HIE, the frequent reliance on proxy users really raises the question, for whom are these sys-
tems designed? If systems are designed in anticipation of physician users, then the technology may 
not actually be a good fit for the workflow and cognitive practices of non-clinicians who are retriev-
ing data. Lastly, quantitative studies attempting to examine the relationship between HIE usage and 
patient or organizational outcomes should take into account that use-by-proxy as an important 
method of system usage. 
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Although based on experiences in New York, several of the suggestions above are relevant to 
other states and the international communities. For example, ensuring ease of use and workflow fit 
are critical for healthcare professionals engaging in HIE worldwide [18, 59, 60]. Likewise, inadequate 
organizational support can lead to technology implementations failures [61]. Finally, many other 
states are like New York and have selected an opt-in policy [62], which will make an effective patient 
consent process paramount [39]. 

Study limitations
First, this is based on three communities and would benefit from additional comparative analysis of 
other exchange efforts in New York and elsewhere. New York has invested heavily in technology and 
the users’ tended to be very knowledgeable about HIE and RHIOs. Other RHIOs or HIE efforts with 
more recent histories may have other user experiences. Likewise, while each RHIO facilitated ex-
change, in effect it provided multiple technological interventions. Our respondents clearly distin-
guished between query-based and point-to-point transmission exchange and many of the contextual 
factors were pertinent to both. Nonetheless, the multi-modal HIE environment with generally vol-
untary usage of the query-based HIE many not be reflective of all RHIO efforts and user experi-
ences. Also, we were only able to interview one private clinic associated with Community C, which 
happened to be a relative new adopter. Both factors may have limited the range of experiences we 
documented. Also, the processes involved in our data collection has some disadvantages as snowball 
sampling can lead to selection bias [63] and observations can result in participants modifying their 
natural behavior [64].

5. Conclusion
Making patient information more available to providers at the point of care is a critical piece of US 
health information technology policy. Our findings indicate that HIE can be successfully used to 
support the information accessibility needs of healthcare professionals. However, challenges still re-
main in increasing provider adoption, optimizing HIE implementations, connecting HIE systems 
across geographic regions, and demonstrating value. Healthcare organizations, HIE facilitating or-
ganizations, and states can help support HIE adoption by ensuring patient information is accessible 
to providers through increasing patient consents, fostering broader participation, establishing con-
nections between HIE networks, and by ensuring systems are usable. 

Clinical Relevance Statement
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organizations, RHIOs, and the state to address these challenges.
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Table 1 Organizational characteristics and exchange features of regional health information organizations in-
cluded as case study sites.

Geographical area 
served

Year RHIO established

Year RHIO HIE system 
was implemented

Total population of 
area

HIE Platform

Total patients con-
sented as of June 2013

# of users

Exchange architecture

Community A

Western NY

2006

2007

1.4 million

Axolotl’s OptumInsight

>800,000

>2,900

• Federated model
• Users log into a stan-

dalone web portal to 
retrieve longitudinal 
patient information.

• Automated, electronic 
delivery of imaging 
and laboratory results 
to outpatient pro-
viders’ EHRs.

Community B

Southern NY 

2005

2010

340,000

Info Cloverleaf Hosted HIE

>150,000

>2,400

• Centralized model Users 
log into a standalone web 
portal to retrieve longi-
tudinal patient informa-
tion.

• Automated, electronic de-
livery of imaging studies, 
laboratory results, and 
Continuity of Care Docu-
ment/Continuity of Care 
Record to EHRs.

•  Results accessible to phys-
icians via iPhone app.

• ·Patient portal.

Community C

New York City Area 

2005

2008

2.5 million

InterSystems HealthShare

>250,000

>1,800

•  Federated model
• Users log into a stan-

dalone web portal to 
retrieve longitudinal 
patient information.

• Secure clinical messag-
ing.

•  Event (e.g. admission) 
notification.

Table 2 Number of organizations visited and individuals interviewed by regional health information organization.

Setting

ED

Outpatient office

Professional type

Physicians

Other clinical users1

Administrative2

Total interviews

1includes: nurses, pharmacists, medical / physician assistants, medical scribes.
2includes: receptionists, medical records, registrar, information technology specialist

Community A

1

3

4

2

7

13

Community B

1

3

4

5

6

15

Community C

1

1

4

1

5

10

Total

3

7

12

8

18

38
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Table 3 Quotes demonstrating HIE “success stories” in the communities included in our study

Last week, there was a stroke patient, and he was explicitly denying any sort of anticoagulation therapies or 
treatments. But when we were looking in [SYSTEM], we found that he was on anticoagulation therapy. So he 
had a thrombotic stroke, so they were deciding whether or not to give TPA, which if we hadn’t had access to his 
information and we had given that drug he would have essentially died. (Clinical, ED)

I have a patient [with] some abnormal thyroid studies. I sent her to the specialist who then sent her to a sur-
geon. She had her thyroid removed. Apparently, per the patient, the surgeon told her that she didn’t have cancer, 
and then somebody from the endocrinologist told her that she did have cancer. She called me and said, “What’s 
going on?” I was able to look at the path report and see that she did in fact have cancer of the thyroid. That was 
definitely helpful to me because she’s calling me, asking me for answers. (Clinical, outpatient)

So now, in real time, with the patient usually still there, we can get that information, so it’s saving some dupli-
cation of effort on everybody when the information there. (Clinical, outpatient)

Where I found it the most useful is basically, in our setting, we get a lot of drug seekers. So they may have gone 
to another facility an hour before, a day before but I can actually get that information. (Clinical, ED)

Table 4 Description of major themes identified and criteria for categorization

Theme

Purpose of usage

Frequency of usage

Availability of information

Patient consent 

Healthcare Organization Partici-
pation 

non-RHIO related exchange 
mechanisms

Search Confidence

Usability

Definition

The reason of motivation for practitioners to use the HIE System

The amount of times practitioners chose to use the HIE system when provid-
ing patient care.

Determining whether the data inside the HIE provides practitioners with the 
clinical data that they are searching for. 

The patients decision to sign the RHIOs consent forms to allow the care or-
ganizations to retrieve data through the HIE. 

The choice of other organizations enabling the sharing of their data through 
the HIE. 

Situations where data is unavailable because another system is being used 
for health information exchange purposes. 

The level of confidence that a patient can be located in the HIE.

The HIE user-interface and integration into the practitioners workflow.

Research Article

P. Kierkegaard et al.: Health information exchange

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



875

© Schattauer 2014

References
1. The National Alliance for Health Information Technology. Report to the Office of the National Coordi-

nator for Health Information Technology on Defining Key Health Information Technology Terms. Wash-
ington, DC: Office of the National Coordinator for Health Information Technology; 2008.

2. Hripcsak G, Kaushal R, Johnson KB, Ash JS, Bates DW, Block R, Frisse ME, Kern LM, Marchibroda J, 
Overhage JM, Wilcox AB. The United Hospital Fund meeting on evaluating health information exchange. 
Journal of Biomedical Informatics 2007; 40 (6, Supplement): S3-S10. doi: http://dx.doi.org/
10.1016/j.jbi.2007.08.002.

3. Bailey JE, Wan JY, Mabry LM, Landy SH, Pope RA, Waters TM, Frisse ME. Does Health Information Ex-
change Reduce Unnecessary Neuroimaging and Improve Quality of Headache Care in the Emergency De-
partment? Journal of General Internal Medicine 2013; 28(2): 176–183. doi: 10.1007/s11606–012–2092–7.

4. Kaelber DC, Bates DW. Health information exchange and patient safety. Journal of Biomedical Informatics 
2007; 40 (6, Supplement): S40-S45. doi: http://dx.doi.org/10.1016/j.jbi.2007.08.011.

5. Frisse ME, Holmes RL. Estimated financial savings associated with health information exchange and am-
bulatory care referral. Journal of Biomedical Informatics 2007; 40 (6, Supplement): S27-S32. doi: 
http://dx.doi.org/10.1016/j.jbi.2007.08.004.

6. Fostering Rapid Advances in Health Care:Learning from System Demonstrations. Corrigan JM, Greiner 
A, Erickson SM, editors: The National Academies Press; 2002.

7. Walker J, Pan E, Johnston D, Adler-Milstein J, Bates DW, Middleton B. The Value Of Health Care Informa-
tion Exchange And Interoperability. Health Affairs 2005. doi: 10.1377/hlthaff.w5.10.

8. Steinbrook R. Health Care and the American Recovery and Reinvestment Act. New England Journal of 
Medicine 2009; 360(11): 1057–1060. doi: doi:10.1056/NEJMp0900665. PubMed PMID: 19224738.

9. HITECH Programs & Advisory Committees. State Health Information Exchange Cooperative Agreement 
Program: healthit.gov; 2013 [cited 2013 Oct 8]. Available from: http://www.healthit.gov/policy-re
searchers-implementers/state-health-information-exchange.

10. Dullabh P, Milstein J-A, Nye C, Moiduddin A, Virost LM, Babalola E, Mahmud A, Jha AK. Evaluation of 
the State Health Information Exchange Cooperative Agreement Program: Early Findings from a Review of 
Twenty-Seven States Bethesda, MD 20814 2012.

11. Dullabh P, Hovey L, Ubri P. Evaluation of the State Health Information Exchange Cooperative Agreement 
Program: Case Study Synthesis: Experiences from Five States in Enabling HIE. Bethesda, MD 20814 2013 
HHSP2337010T/OS33547 

12. Blumenthal D, Glaser JP. Information Technology Comes to Medicine. New England Journal of Medicine 
2007; 356(24): 2527–2534. doi: doi:10.1056/NEJMhpr066212. PubMed PMID: 17568035.

13. Vest JR, Gamm LD. Health information exchange: persistent challenges and new strategies. Journal of the 
American Medical Informatics Association 2010; 17(3): 288–294. doi: 10.1136/jamia.2010.003673.

14. Harris Healthcare Solutions. Harness the Power of Enterprise HIE. Harris Healthcare Solutions, 2012.
15. Winden T, Boland L, Frey N, Satterlee P, Hokanson J. Care Everywhere, a Point-to-Point HIE Tool: Utiliz-

ation and Impact on Patient Care in the ED. Applied clinical informatics 2013; 5(2): 388–401.
16. Adler-Milstein J, Bates DW, Jha AK. U.S. Regional Health Information Organizations: Progress And Chal-

lenges. Health Affairs 2009; 28(2): 483–492. doi: 10.1377/hlthaff.28.2.483.
17. Miller RH, Miller BS. The Santa Barbara County Care Data Exchange: What Happened? Health Affairs. 

2007; 26(5): w568-w580. doi: 10.1377/hlthaff.26.5.w568.
18. Ross SE, Schilling LM, Fernald DH, Davidson AJ, West DR. Health information exchange in small-to-

medium sized family medicine practices: Motivators, barriers, and potential facilitators of adoption. Inter-
national Journal of Medical Informatics 2010; 79(2): 123–129.

19. Sicotte C, Paré G. Success in health information exchange projects: Solving the implementation puzzle. So-
cial Science & Medicine 2010; 70(8): 1159–1165. doi: http://dx.doi.org/10.1016/j.socscimed.2009.11.041.

20. Johnson KB, Unertl KM, Chen Q, Lorenzi NM, Nian H, Bailey J, Frisse M. Health information exchange 
usage in emergency departments and clinics: the who, what, and why. Journal of the American Medical In-
formatics Association 2011; 18(5): 690–697. doi: 10.1136/amiajnl-2011–000308.

21. Overhage JM, Dexter PR, Perkins SM, Cordell WH, McGoff J, McGrath R, McDonald CJ. A randomized, 
controlled trial of clinical information shared from another institution. Annals of emergency medicine 
2002; 39(1): 14–23.

22. Wilcox A, Kuperman G, Dorr DA, Hripcsak G, Narus SP, Thornton SN, Evans RS, editors. Architectural 
strategies and issues with health information exchange. AMIA Annual Symposium Proceedings; 2006.

23. Grossman JM, Bodenheimer TS, McKenzie K. Hospital-Physician Portals: The Role Of Competition In 
Driving Clinical Data Exchange. Health Affairs 2006; 25(6): 1629–1636. doi: 10.1377/hlthaff.25.6.1629.

Research Article

P. Kierkegaard et al.: Health information exchange

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



876

© Schattauer 2014

24. Vest JR, Zhao H, Jaspserson J, Gamm LD, Ohsfeldt RL. Factors motivating and affecting health informa-
tion exchange usage. Journal of the American Medical Informatics Association 2011; 18(2): 143–149. doi: 
10.1136/jamia.2010.004812.

25. Abramson EL, McGinnis S, Moore J, Kaushal R, investigators H. A Statewide Assessment of Electronic 
Health Record Adoption and Health Information Exchange among Nursing Homes. Health Services Re-
search 2014; 49 (1pt2): 361–372. doi: 10.1111/1475–6773.12137.

26. Kern LM, Ancker JS, Abramson E, Patel V, Dhopeshwarkar RV, Kaushal R. Evaluating health information 
technology in community-based settings: lessons learned. Journal of the American Medical Informatics 
Association. 2011;18(6):749–53. doi: 10.1136/amiajnl-2011–000249.

27. Phillips AB, Wilson RV, Kaushal R, Merrill JA, with the HITEC investigators. Implementing health infor-
mation exchange for public health reporting: a comparison of decision and risk management of three re-
gional health information organizations in New York state. Journal of the American Medical Informatics 
Association 2014; 21(e1): e173-e177. doi: 10.1136/amiajnl-2013–001716.

28. NYeC. Statewide Network (SHIN-NY) > Regional Networks: New York eHealth Collaborative; 2013 [cited 
2013 19 August]. Available from: http://nyehealth.org/what-we-do/statewide-network/regional-net-
works/.

29. Guba E, Lincoln Y. Fourth generation evaluation, 1989. Sage Publications, California, Seen in, Koch T, Es-
tablishing rigour in qualitative research: the decision trail, J Adv Nursing 1994; 19: 976–986.

30. Corrigan JM, Greiner A, Erickson SM. Fostering Rapid Advances in Health Care:: Learning from System 
Demonstrations: National Academies Press; 2002.

31. Atkinson R, Flint J. Accessing hidden and hard-to-reach populations: Snowball research strategies. Social 
research update 2001; 33(1): 1–4.

32. Hammersley M, Atkinson P. Ethnography: Principles in practice: Routledge; 2007.
33. Morse JM. The Significance of Saturation. Qualitative Health Research 1995; 5(2): 147–149. doi: 

10.1177/104973239500500201.
34. Glaser BG, Strauss AL. The Discovery of Grounded Theory; Strategies for Qualitative Research. Chicago: 

Aldine Transaction 1968.
35. Corbin J, Strauss A. Basics of Qualitative Research: Techniques and Procedures for Developing Grounded 

Theory. 3rd ed: SAGE Publications, Inc 2008.
36. Cutcliffe JR. Methodological issues in grounded theory. Journal of advanced nursing 2000; 31(6): 

1476–1484.
37. Ahern KJ. Ten tips for reflexive bracketing. Qualitative health research 1999; 9(3): 407–411.
38. Campion Jr TR, Ancker JS, Edwards AM, Patel VN, Kaushal R. Push and Pull: Physician Usage of and Sat-

isfaction with Health Information Exchange. AMIA Annual Symposium Proceedings 2012; 2012: 77.
39. Yeager VA, Walker D, Cole E, Mora AM, Diana ML. Factors Related to Health Information Exchange Par-

ticipation and Use. Journal of Medical Systems 2014; 38(8): 1–9.
40. Hewitt H, McCloughan L, McKinstry B. Front desk talk: discourse analysis of receptionistpatient interac-

tion. British Journal of General Practice 2009; 59(565): e260-e266. doi: 10.3399/bjgp09X453774.
41. Eisner M, Britten N. What do general practice receptionists think and feel about their work? British Jour-

nal of General Practice 1999; 49(439): 103–106.
42. Ward J, McMurray R. The unspoken work of general practitioner receptionists: A re-examination of emo-

tion management in primary care. Social Science & Medicine 2011; 72(10): 1583–1587. doi: 
http://dx.doi.org/10.1016/j.socscimed.2011.03.019.

43. Shapiro JS, Bartley J, Kuperman G. Initial Experience with Opt-in Consent at the New York Clinical Infor-
mation Exchange (NYCLIX). AMIA Annu Symp Proc 2009: 1029.

44. Shapiro JS, Kannry J, Kushniruk AW, Kuperman G, Subcommittee TNYCIECA. Emergency Physicians’ 
Perceptions of Health Information Exchange. Journal of the American Medical Informatics Association 
2007; 14(6): 700–705. doi: 10.1197/jamia.M2507.

45. Kern LM, Barron Y, Abramson EL, Patel V, Kaushal R. HEAL NY: Promoting Interoperable Health Infor-
mation Technology In New York State. Health Affairs 2009; 28(2): 493–504. doi: 10.1377/hlthaff.28.2.493.

46. Office of the National Coordinator for Health Information Technology. Meaningful Use Definition & Ob-
jectives HealthIT.Gov2013 [23 MAY 2013]. Available from: http://www.healthit.gov/providers-profes
sionals/meaningful-use-definition-objectives.

47. Vest JR, Campion Jr TR, Kaushal R, investigators ftH. Challenges, alternatives, and paths to sustainability 
for health information exchange efforts. Journal of Medical Systems 2014.

48. Rubin RD. The Community Health Information Movement: Where it’s been, where it’s going. In: O’Carroll 
PW, Yasnoff WA, Ward ME, Ripp LH, Martin EL, editors. Public Health Informatics & Information Sys-
tems. New York: Springer; 2003.

Research Article

P. Kierkegaard et al.: Health information exchange

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



877

© Schattauer 2014

49. Boom JA, Sahni LC, Nelson CS, Dragsbaek AC, Franzini L. Immunization information system opt-in con-
sent: at what cost? J Public Health Manag Pract 2010; 16(5): E18–E25. Epub 2010/05/01. doi: 
10.1097/PHH.0b013e3181cbc4ec. PubMed PMID: 20431419.

50. Dhopeshwarkar RV, Kern LM, O’Donnell HC, Edwards AM, Kaushal R. Health Care Consumers’ Prefer-
ences Around Health Information Exchange. The Annals of Family Medicine 2012; 10(5): 428–434. doi: 
10.1370/afm.1396.

51. Patel VN, Dhopeshwarkar RV, Edwards A, Barrón Y, Sparenborg J, Kaushal R. Consumer support for 
health information exchange and personal health records: a regional health information organization sur-
vey. Journal of Medical Systems 2012; 36(3): 1043–1052.

52. Ancker JS, Silver M, Miller MC, Kaushal R. Consumer experience with and attitudes toward health infor-
mation technology: a nationwide survey. Journal of the American Medical Informatics Association 2013; 
20(1): 152–156. doi: 10.1136/amiajnl-2012–001062.

53. Goldstein MM. Health Information Technology and the Idea of Informed Consent. The Journal of Law, 
Medicine & Ethics 2010; 38(1): 27–35. doi: 10.1111/j.1748–720X.2010.00463.x.

54. Wilcox A, Kuperman G, Dorr DA, Hripcsak G, Narus SP, Thornton SN, Evans RS. Architectural strategies 
and issues with health information exchange. AMIA Annu Symp Proc 2006: 814–818. Epub 2007/01/24. 
doi: 86118 [pii]. PubMed PMID: 17238454.

55. Tripathi M, Delano D, Lund B, Rudolph L. Engaging patients for health information exchange. Health Af-
fairs 2009; 28(2): 435–443.

56. Clemensen J, Larsen SB, Kyng M, Kirkevold M. Participatory design in health sciences: using cooperative 
experimental methods in developing health services and computer technology. Qualitative health research 
2007; 17(1): 122–130.

57. Bansler JP, Havn E. Pilot implementation of health information systems: Issues and challenges. Inter-
national Journal of Medical Informatics 2010; 79(9): 637–648.

58. Vest JR, Gamm LD, Ohsfeldt RL, Zhao H, Jasperson J. Factors Associated with Health Information Ex-
change System Usage in a Safety-Net Ambulatory Care Clinic Setting. Journal of Medical Systems 2012; 
36(4): 2455–2461. doi: 10.1007/s10916–011–9712–3.

59. Codagnone C, Lupiañez-Villanueva F. Benchmarking Deployment of eHealth among General Practi-
tioners (2013) – Final Report. Luxembourg: European Commission; 2014.

60. Hyppönen H, Reponen J, Lääveri T, Kaipio J. User experiences with different regional health information 
exchange systems in Finland. International Journal of Medical Informatics 2014; 83(1): 1–18. doi: 
http://dx.doi.org/10.1016/j.ijmedinf.2013.10.002.

61. Heeks R. Health information systems: Failure, success and improvisation. International Journal of Medical 
Informatics 2006; 75(2): 125–137.

62. State Health Information Exchange: Approved State Plans: HealthIT.gov; 2014 [updated January 23, 2014; 
cited 2014 12 September]. Available from: http://www.healthit.gov/policy-researchers-implementers/ap
proved-state-plans.

63. Sadler GR, Lee HC, Lim RSH, Fullerton J. Recruitment of hard�to�reach population subgroups via adap-
tations of the snowball sampling strategy. Nursing & health sciences 2010; 12(3): 369–374.

64. Last JM, Association IE. A dictionary of epidemiology: Oxford Univ Press; 2001.

Research Article

P. Kierkegaard et al.: Health information exchange

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


