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ABSTRACT

Prior research on health information exchange (HIE) typically measured provider usage through surveys or they
summarized the availability of HIE services in a healthcare organization. Few studies utilized user log files. Us-
ing HIE access log files, we measured HIE use in real-world clinical settings over a 7-year period (2011-2017).
Use of HIE increased in inpatient, outpatient, and emergency department (ED) settings. Further, while extant lit-
erature has generally viewed the ED as the most relevant setting for HIE, the greatest change in HIE use was ob-
served in the inpatient setting, followed by the ED setting and then the outpatient setting. Our findings suggest
that in addition to federal incentives, the implementation of features that address barriers to access (eg, Single
Sign On), as well as value-added services (eg, interoperability with external data sources), may be related to the
growth in user-initiated HIE.
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INTRODUCTION

several healthcare reform strategies such as value-based and ac-

In 2009, the Health Information Technology for Economic and
Clinical Health Act passed with the goal of facilitating the adoption
of health information technology (HIT) across the United States. A
specific application of HIT, health information exchange (HIE),
involves the electronic sharing of clinical or administrative health
data across the boundaries of healthcare facilities, health data repos-
itories, and states." Widespread HIE has the potential to improve
healthcare outcomes, boost efficiencies, and reduce costs of care.?
More recently, HIE has been touted as critical for the success of

countable care, patient-centered medical homes,>* as well as the
Hospital Readmission Reduction Program.’ The federal government
has thus far invested in excess of $500 million® to develop infra-
structure for data exchange with specific states,” making additional
investments of public and private funds to develop HIE capacity.
Consequently, there has been a growth in HIE efforts across the
United States, with about 96% of nonfederal acute care hospitals
having the ability to engage in electronic exchange of clinical infor-
mation by 2016.
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Current understanding of the growth in HIE comes primarily
from analyses of self-reported data which measure the ability of hos-
pitals to engage in HIE rather than actual use of HIE during clinical
encounters. Most studies examine organizational adoption of HIE
services, such as the ability to send an electronic summary of a clini-
cal encounter to the next care provider—a specific criterion called
for in the meaningful use incentive program.” Data on the adoption
rates of HIE services come from the IT supplement of the American
Hospital Association survey, which is self-reported data provided by
managers in hospitals across the United States. Adoption of HIE is
inferred from specific questions that either explicitly or implicitly
evaluate a hospital’s ability to engage in HIE, by measuring the
adoption of certified electronic health records (EHRs). Further,
while valuable for examining the proportion of hospitals with capa-
bilities to exchange health information, there is no quantification of
HIE as a proportion of all clinical encounters. While some studies in
the extant literature leveraged log files to measure actual HIE usage,
these studies principally examined HIE use within a single setting or
system as well as HIE usage over relatively short durations of
time.'%2% Additionally, these studies generally focused on examin-
ing the correlation between HIE access and specific healthcare out-
comes, not on trends in HIE use over time.

The purpose of this descriptive analysis is to examine actual use
of health information sharing by investigating user-initiated HIE
during clinical encounters. Specifically, we use access log files from
a large community HIE network involving multiple health systems
in a moderate-sized state to measure the volume of user-initiated
HIE usage over time. Further, we also examine the differences in
user-initiated HIE in clinical encounters by factors such as care set-
ting, payer type, and whether the HIE participating healthcare orga-
nization was located in an urban or rural area. By examining HIE
usage using objective measures, across multiple health systems and
settings, in a statewide community HIE over a 7-year time frame, we
aim to contribute to the understanding of HIE use. Findings from
our analysis provide insights into actual HIE within clinical encoun-
ters as well as potential factors that may be related to HIE use.

MATERIALS AND METHODS

We utilized access log files from the Indiana Network for Patient
Care (INPC), a mature statewide community HIE network.?> The
INPC connects 117 hospitals representing 38 hospital systems, over
17 000 practices, and over 48 000 providers, and contains data on
roughly 15 million patients with a total of more than 12.5 billion
data points.>* The INPC is also representative of the state’s popula-
tion, with data on 80%-100% of all patients in a majority of coun-
ties in Indiana during the study period (2011-2017) (Supplementary
Figure 1).

Access log files represent an objective method to measure HIE
usage. The INPC makes a record every time a user (ie, clinical or
nonclinical staff) logs in to view clinical information. Typically,
users click a button within their EHR system, which automatically
logs them into the INPC’s CareWeb application (Supplementary Fig-
ure 2) to examine a patient’s historical record of care from multiple
providers. Therefore, access log files represent actual data exchange
at the clinical encounter level due to provider use of “outside
records,” rather than just the ability to engage in HIE at the organi-
zational (eg, hospital, clinic) level.

In order to add more information regarding the encounter such
as care setting, payer, provider role, and rurality of the hospital, the
access log files were linked to encounter-level clinical data using

unique IDs assigned to each encounter. When patients used more
than 1 payer to pay for services received during a single encounter,
only the payer that paid for majority of encounter’s cost (ie, priority
payer) was retained.

RESULTS

We examined a total of 1 159 144 inpatient, 14 932 164 outpatient,
and 3 006 972 ED encounters between 2011 and 2017 from the
INPC. Of the encounters examined, 15.5% took place in rural set-
tings. Overall, 4.7% of all encounters across all settings resulted in
the user accessing external patient information. Further, HIE use
was greatest in the inpatient setting (17.6%), followed by the ED
(4.4%) and the outpatient (3.7%) settings (Figure 1). HIE use in-
creased by 29%, 3.5%, and 9% in the inpatient, outpatient, and ED
settings, respectively.

Commercial insurance constituted the largest known payer cate-
gory (ie, not “Other”), with over 6 million encounters accounting
for this payer type. This was followed by Medicaid (2 564 555
encounters) and Medicare (2 344 584 encounters). Payers catego-
rized as “Other” in the log files accounted for about 7.8 million
encounters. There was a significant increase in HIE use in each payer
type between 2011 and 2017 (Figure 2). Further, HIE use was great-
est for encounters in which Medicare (8.8%) or Medicaid (8.2%)
was identified as a priority payer. Encounters in which the payer
was commercial insurance (3.3%) had the least HIE use among all 4
payer types.

Similar trends of increasing use of HIE in encounters by payer
type were also seen in each of the 3 settings examined (Figure 3).
The least change was observed in the outpatient setting, in which av-
erage HIE use across all payer types, although significant, increased
by 4%, compared with an increase of 31.5% and12.1% in the inpa-
tient and ED settings, respectively. HIE use was greatest when Medi-
care was at least 1 of the payer types for a given encounter in all 3
care settings approaching 44.1%, 6%, and 20% in the inpatient,
outpatient, and ED settings, respectively, by the fourth quarter of
2017.

We next examined HIE usage by the rurality of the healthcare
organization. In both rural and urban environments, HIE use in-
creased over time. Furthermore, usage was highest in urban inpa-
tient setting, followed by ED and outpatient settings (Supplementary
Figure 3). By the fourth quarter of 2017, HIE use in urban inpatient
setting had increased by 32.5%, compared with 12% and 4% in
similar ED and outpatient settings, respectively.

Overall, HIE use increased between 2011 and 2017 based on
care setting, rurality, and payer type (Figures 1-3 and Supplemen-
tary Figure 3). Further, the data also suggest 2 sharp increases in
HIE use at 2 time points: once in the first quarter of 2012 and again
in the fourth quarter of 2014. The increase in HIE use in 2012 was
predominantly observed in the outpatient setting for encounters
with either Medicare or Medicaid as the payer. However, this in-
crease in HIE use returned to normal trends by first quarter of 2013.
The upward trend in HIE use observed in first quarter of 2015 was
most prominent in the inpatient setting, seen across all payer types
and showed a steady increase through fourth quarter of 2017.

DISCUSSION

Since 2009, the federal government has invested in several initiatives
with the goal of increasing interoperability among health
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Figure 1. Trends in proportion of encounters in each quarter in which health information exchange (HIE) data were accessed in the emergency department,
inpatient, and outpatient care settings. Source: Indiana Network for Patient Care log files, 2011-2017. ER: emergency room; PDMP: prescription drug monitoring
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Figure 2. Trends in the proportion of all encounters with health information exchange (HIE) use by payer type. Source: Indiana Network for Patient Care log files,

2011-2017. PDMP: prescription drug monitoring program.

information systems. A key finding from our analysis of access log
files was that HIE use in clinical encounters increased in Indiana be-
tween 2011 and 2017. While this finding remains true for all set-
tings, the greatest increase was seen in the inpatient setting,
followed by the ED and the outpatient settings. Further, HIE use
and increases over time were greater in clinical encounters in urban
locations, as well as in those in which at least 1 payer was either
Medicaid or Medicare. Finally, HIE use saw a dramatic increase in

2012 before returning to normal in 2013, followed by another
steady increase starting late 2014, which continued through 2017.
These findings are potentially attributable to several plausible
causes. First, HIE adoption increased over time, owing to the success
of federal incentives and programs. As such, adoption of HIE capa-
bility by hospitals and clinics through participation in the INPC
resulted in greater abundance of healthcare organizations that could
exchange data. Therefore, data exchange with the INPC became
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Figure 3. Trends in the proportion of all encounters with health information exchange (HIE) use by care setting and payer type. Source: Indiana Network for Pa-
tient Care log files, 2011-2017. ED: emergency department; PDMP: prescription drug monitoring program.

more valuable over time due to increasing availability of patient
data from more sources. Providers responded by using the system to
access clinical data more often.

A related, but distinct, cause might have been the emphasis in
the Health Information Technology for Economic and Clinical
Health Act on the Centers for Medicare and Medicaid Services
(CMS) financial incentives for HIE use. Greater HIE use for Medi-
care and Medicaid populations may be due to provider awareness
regarding CMS-provided incentives to hospitals and clinics for the
adoption and meaningful use of HIE. However, it is equally likely
that providers use the HIE for Medicare and Medicaid populations,
because these populations often possess higher acuity or more com-
plex medical needs. This may be especially true for Medicare popu-
lations who may be sicker and have more comorbidities than
younger patients.”® Providers may take additional steps to find a
comprehensive and more complete medical history for individuals
who are admitted with a complex set of comorbidities.

Some changes in HIE use may also be related to incremental
functional and user experience-related changes over time. According
to the Indiana HIE, enhancements to CareWeb occurred indepen-
dently with each health system therefore it is likely that any changes
in HIE use due to enhancements were subsumed by the overall
trend.?® On the other hand, the sharp increase in HIE use in 2012
was likely due to a pilot interoperability program implemented in a
large safety net hospital in Indianapolis. In this program, data from
the state prescription drug monitoring program (PDMP) were inte-
grated with the INPC, and providers were encouraged to use the
HIE network to access prescription drug histories.”® Further, pre-
scription history was automatically extracted from the PDMP at reg-
istration for all patients in all care settings. This pilot was
terminated at the end of 2012, coinciding with the HIE use trends
returning to normal, further supporting the role of this program in
causing the increase.

In late 2014, the INPC introduced a “single sign-on” (SSO) fea-
ture, making it easier for providers to access “outside information”

on patients. Instead of opening a web browser, navigating to the
HIE site, logging into the INPC, and looking up the patient using in-
formation such as a name and birthdate, the SSO functionality
allows providers to click on a button within their EHR system and
automatically login to the INPC to view medical records for the pa-
tient. This increased ease of use may likely be the reason for the
steady rise in INPC use starting in late 2014, which continued
through 2017. Further, SSO was incrementally rolled out to hospi-
tals, thus accounting for bumps in HIE use seen later in 2016 and
2017 as more hospitals adopted this feature.2®

Future research may focus on additional value-added features
that promote HIE usage. For instance, HIE use may be facilitated by
using the latest data sharing standards such as Fast Healthcare Inter-
operability Resources to automatically retrieve relevant clinical
data.”” However, we note that the use of Fast Healthcare Interoper-
ability Resources and other approaches to integrate data across clin-
ical systems may make measuring HIE use more difficult, as it may
become harder to distinguish end user interaction with HIE services
from tools embedded directly in the EHR.

Limitations

While the access log files permitted the distinction between clinical
encounters that did and did not access external data from the HIE, it
was not possible to determine the type of patient information that
was viewed. Further, our data are limited to Indiana, which may be
different from other states owing to its mature HIE.

CONCLUSIONS

Our analysis found that HIE use increased over time in all care set-
tings. Further, this increase was greatest for encounters in urban
locations and those paid for by CMS. These increases might be due
to the federal incentives for meaningful use of HIT systems. How-
ever, in agreement with the adage of former Agency for Healthcare
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Research and Quality Director Carolyn Clancey, “making the right
thing to do, the easy thing to do”; the dramatic increase in HIE use
following the introduction of SSO suggests that features making
HIE access easier may be a stronger influence on provider behavior.
Further, as log files are increasingly being recognized as a “new
source of insights, which cannot be gleaned from claims data or clin-

ical data,”®

our analysis capitalizes on the objective nature of this
data to present trends in user-initiated HIE over a 7-year period. Fu-
ture research should examine the effect of increase in HIE use on
healthcare outcomes, including that of interoperability interventions
like the PDMP pilot that occurred in 2012. Evidence from our anal-
ysis and future studies could help inform policymakers on how to
strategically leverage interoperability policy, as well as interven-

tions, to improve healthcare outcomes and quality of care.
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