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BACKGROUND: Health information exchanges (HIEs)
have proliferated over the last decade, but a gap remains
in our understanding of their benefits to patients and the
healthcare system. In this systematic review, we provide
an updated report on what is known regarding the im-
pacts of HIE on clinical, health care utilization, and cost
outcomes in the adult inpatient setting.

METHODS: We searched Pubmed, Web of Science,
Embase, Cochrane, and Ebsco databases for citations
published between January 2015 and August 2021. Eligi-
ble studies were English-language experimental or obser-
vational studies. We assessed risk of bias via the National
Heart Lung and Blood Institute’s Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies.
RESULTS: We identified 11 eligible studies—1 quasi-
experimental and 10 observational. Five studies exam-
ined readmission rates and 3 found benefits from HIE.
Three studies examined mortality with 2 finding benefits
from the availability of HIE. Eight studies examined utili-
zation and cost outcomes with 2 finding benefits from
HIE, 1 finding poorer outcomes with HIE, and the others
finding no impact.

CONCLUSIONS: Evidence for the impacts of HIE remains
largely observational with little direct measure of HIE use
during clinical care, making causality difficult to assess.
The highly variable outcomes examined by these studies
limit meaningful synthesis. The strength of evidence is
low that HIE reduces unplanned readmissions and mor-
tality and there is insufficient evidence for the impact of
HIE on cost or utilization. The increased number of stud-
ies specific to inpatient settings that examine objective
outcomes with more rigorous statistical methods is a
promising development since prior reviews.

TRIAL REGISTRATION: PROSPERO 2021
CRD42021274049 Available from: https://www.crd.
york.ac.uk/prospero/display_record.php?ID=CRD420
21274049

AMENDMENTS TO PROTOCOL: Initially planned use of
the Newcastle-Ottawa quality assessment scale was
substituted for the National Heart Lung and Blood Insti-
tute’s Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies as it was better suited to
evaluate the primarily retrospective observational cohort
studies identified in the review.
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BACKGROUND

Health information exchange (HIE) involves the electronic
transfer of health information between health care organiza-
tions according to nationally recognized standards.' The pas-
sage of the Health Information Technology for Economic and
Clinical Health (HITECH) Act of 2009 provided $14-$27
billion for electronic health record (EHR) adoption that in-
cluded a goal of national HIE.? The Medicare and Medicaid
EHR Incentive Program stage 1 objectives also included re-
quirements for EHR interoperability with a goal of improved
efficiency and quality.’ The Medicare Access and Children’s
Health Insurance Program Reauthorization Act of 2015 and
other federal policies have encouraged the continued adoption
of HIE by providers, hospitals, and health systems.* Despite
these substantial federal investments, the return on investment
of HIE has not yet been well demonstrated in the literature.’
The impact of HIE on outcomes in the inpatient setting in
particular has not been previously reviewed.

There have been prior systematic reviews evaluating the
impact of the adoption of HIE after the passage of the
HITECH Act. A 2011 review found 5 relevant studies—only
2 of which included inpatient data—that examined outcomes
from HIE interventions, with small or inconsistent benefits.®
An updated 2014 review found only 2 studies examining the
effects of HIE in the inpatient setting—one study found no
difference in hospital readmission rates and the other found a
positive association between HIE implementation and patient
satisfaction.” There were significantly more studies by 2015
when a review was published by Hersh et al.®, but these 24
studies were conducted in multiple care settings, and none
examined clinical outcomes or harms—rather, they reported
uncertain reductions in healthcare utilization and costs.® The
most recent review examining work published in 2010
through 2017 reported a growing body of research evaluating
HIE but again included studies from outpatient, emergency,
and inpatient settings without a clear picture of the specific
impact on inpatient outcomes.”
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Since the publication of the studies examined by these
reviews, there has been a significant increase in the use of
HIE in the inpatient setting.'®'* By 2021, 86% of general
acute care hospitals or 3006 facilities had adopted electronic
health records meeting criteria for certification by the Office of
the National Coordinator for health information technology,
including the capability to electronically exchange health in-
formation.'> We seek to provide an updated report on the state
of what is known regarding the impacts of HIE use specifically
in the adult inpatient setting. By limiting the review to a single
setting of care, we may be able to better clarify the impact of
HIE. We particularly seek to update the 2014 Hersh review to
summarize what might be known about the clinical impact of
HIE in addition to the previously studied health care utilization
and cost outcomes.

METHODS
Data Sources and Searches

A systematic review protocol was developed and registered in
PROSPERO.'® A clinical informationist developed the search
in PubMed which was then peer-reviewed by a second clinical
informationist. The search was then translated to PubMed,
Cochrane Database, Embase, Web of Science, Cumulative
Index to Nursing and Allied Health Literature, ProQuest Dis-
sertations, and Theses Global (see Appendix 3 for technical
search strategies). The search was supplemented by a review
of references of eligible studies. Studies of hospitalized, inpa-
tient adults published between January 2015 to August 2021
were included, and pediatric or animal studies were excluded.

Study Selection

English language studies were included that compared the
presence versus absence of HIEs in adult inpatient care set-
tings. Comparisons could be between institutions with and
without HIEs or before and after HIE implementation in single
systems. Studies set exclusively in emergency or ambulatory
care settings were excluded. Included studies could be ran-
domized control trials or observational studies, but not model-
ling experiments, case series, or case reports. We included
studies that examined clinical, economic, or population out-
comes as primary or secondary outcomes but excluded studies
that examined HIE impacts only on research or other non-
clinical effects (e.g., user experience). Two investigators inde-
pendently evaluated each study for eligibility. Disagreement
was resolved by consensus after discussion.

Data Extraction and Quality Assessment

Searches were uploaded in EndNote with an initial
deduplication, then uploaded into Covidence systematic re-
view software'” where a second deduplication took place.
Final deduplication took place during screening. Screening
and extraction were conducted by two authors (SD and ST).

Details of included studies were extracted by one investigator
using a standardized extraction tool (Supplemental 1) and
reviewed for accuracy and completeness by a second investi-
gator. Variables extracted included geographic region in
which the study was done, data collection period, study de-
sign, intervention or exposure, comparison group, primary
outcome, secondary outcome(s), hospital type (academic,
community, other), HIE type (enterprise, state or regional,
etc.), inclusion and exclusion criteria, number of study partic-
ipants, any covariates, methods of statistical analysis (e.g.,
bivariate statistics and regressions), primary and secondary
findings, whether findings favor the presence of HIE, and
major study limitations (either reported or identified by the
reviewers). Disagreement was resolved by consensus after
discussion.

Risk of bias assessments were similarly conducted by one
investigator and independently reviewed by a second investi-
gator. The risk of bias assessment used the National Heart
Lung and Blood Institute’s (NHLBI) Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies.'® Stud-
ies were deemed to be of “good,” “fair,” and “poor” quality
based on investigator discussion structured by the NHLBI
assessments.

Data Synthesis and Analysis

Because of the variation in HIE characteristics and outcomes
examined, we determined that it was inappropriate to combine
data quantitatively. We constructed evidence tables, organized
data by the outcome, and critically analyzed studies to com-
pare their findings and methods. We qualitatively synthesized
the results of our included studies in a narrative format.
Strength of evidence was assessed only for those outcomes
examined by more than one study (otherwise, evidence of an
effect was automatically considered “insufficient”). Strength
of evidence assessments were conducted based on method
guidelines from the Agency for Healthcare Research and
Quality (AHRQ), taking into account study limitations, direct-
ness, consistency, and precision of reported effects.'

Role of Funding Source

The funder had no role in the design, execution, or interpreta-
tion of this review.

RESULTS

Of the 668 potentially relevant citations identified in our
literature searches, 65 articles were selected for full-text re-
view and 11 studies were ultimately deemed eligible for
inclusion (see PRISMA diagram, Fig. 1). There were two
studies that were excluded during extraction despite initially
seeming to meet inclusion criteria. The first described trends in
HIE usage and hospital readmission rates around an unrelated
intervention, but did not compare the presence versus absence
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Figure 1 Flow diagram summarizing study selection process.

of HIE.?® The other study was excluded as the analysis in-
cluded both inpatient and outpatient data that could not be
separated.”’ Another study had several analyses partially ex-
cluded for the same reason, but those inpatient analyses re-
ported separately were included.”” Two studies were included
that examined the effects of HIE based outside the inpatient
setting (in the emergency department and a skilled nursing
facility) because they both reported the effects of these HIEs
on subsequent inpatient outcomes.*>**

Study characteristics are described in Table 1. The most
common study design was a retrospective cohort; only 1 study
was a randomized control trial. Most of the studies included
patient data from one or more of the 10 US states (AR, CA,
FL, IA, MA, MD, UT, VT, and WA). There were 2 studies
from Israel and 1 from South Korea. Half of the studies
examined multiple hospitals. Studies included a wide range
of patient populations, ranging from patients newly admitted
to inpatient units, (58%, 7 studies), to those recently
discharged from inpatient units (17%, 2 studies) to patients
following transfer to a different acute care hospital (25%, 3
studies). The majority of studies were not limited to specific
diagnoses; however, one study only included patients admit-
ted after myocardial infarction and another was limited to
admissions related to six common conditions tracked by
CMS (diabetes, asthma, myocardial infarction, congestive
heart failure, chronic kidney disease, and hip fracture).

Of the 11 studies included, 3 were deemed of good quality
(or low risk of bias), 6 were of fair quality, and 2 were deemed
of poor quality. One poor-quality study was solely described
in an abstract with insufficient detail to evaluate the methods.
Another poor-quality study had an unclear methodology and
therefore was deemed to be at high risk of bias.

Eight of the 11 studies reported healthcare utilization or cost
outcomes, as described in Table 2. Five studies specifically
examined readmission as an outcome—which we considered
a distinct category of utilization as it is an important quality
indicator used to evaluate hospitals.*® Four studies reported

clinical outcomes including in-hospital mortality, discharge
destination, and adverse drug events.

There were no clear trends between the outcomes reported
and patient population or geographical region. There were
slightly more net positive effects of HIEs reported by studies
based on multi-hospital data versus single-hospital studies.
There were two studies that verified actual usage of HIE at
the time of admission—versus just noting the presence of HIE
capabilities—and both reported significant reductions in un-
planned readmissions when HIE was present and utilized.?*>
Neither study quantified how much HIE was utilized, howev-
er, but just reported it as a dichotomous variable if practi-
tioners had opened the HIE software.

Readmission Rates

The reported effects on readmission rates were mixed but
showed an association between HIE and reduced readmission
rates in half of the 9 analyses conducted by 5 studies. One
study found that fragmented readmissions (i.e., when a patient
is readmitted to a different hospital) were also reduced when
HIE was present.”® Two of the five studies that examined 30-
day readmissions found a statistically significant reduction in
rates when HIE was available compared to when it was not
available. However, one of those studies only found a statis-
tically significant reduction in readmissions when single-
vendor HIE was present (i.e., multiple members of a health
system exchanging information across a single vendor’s EHR
platform) compared to no HIE (—0.8%, p=0.04), but not in the
presence of enterprise HIE (i.e., the exchange of information
across different EHR platforms by members of the same
healthcare system) compared to no HIE (—0.4%, p=0.06).>
The other study that found a significant reduction in 30 day
readmission rates at hospitals with HIE (—=1.3%, p<0.01) also
reported a statistically significant reduction in readmission
rates at 45 days (—1.1%, p<0.05) and at 60 days (—0.9%,
p<0.1).%® Another large analysis found the odds of readmis-
sion within 7 days to be significantly lower (—6.5%, p<0.001,
OR 95%CI 0.90—0.97) when ED physicians accessed HIE
prior to admission compared to when they did not.** In con-
trast, a small study of patients discharged to skilled nursing
facilities found no difference in readmission rates at 7, 14, or
30 days when HIE with the discharging hospital was en-
abled.”® There was also no significant difference found in
30-day readmission rates among Medicare patients discharged
from hospitals with or without HIE.?’

Clinical Outcomes

There were very heterogeneous clinical outcomes examined in
9 analyses across 5 studies. Two studies found lower odds of
inpatient mortality and lower hazard ratio of 90-day mortality
when HIE was present (OR=0.75, p<0.001, 95%CI 0.64—
0.88; OR 0.68, p<0.001, 95%CI 0.49-0.78; and HR=0.78,
p<0.001, 95%CI 0.57-0.86, 1respectively).30’3 ' In contrast,
another study of myocardial infarction survivors found no
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Table 2 Study Results Examining Effect of Health Information Exchanges by Categories of Outcome Variables

Outcome

Study ID

Effect of HIE presence vs absence

Significantly favors HIE?

Unplanned readmissions

7 days BenAssuli2015 —6.5% difference (OR 95%CI 0.90, 0.97) Yes
Cross2019 No difference (—1.2%, p=0.548) ND
14 days Cross2019 No difference (+3.7%, p=0.136) ND
30 days Chen2019 —1.3% (DD p<0.01) Yes
Cross2019 No difference (+2.2%, p=0.431) ND
Daniel2018 No difference (OR 95%CI 0.97, 1.07) ND
Vest2019 —0.8% difference (p=0.044) Yes
45 days Chen2019 —1.1% DD (p<0.05) Yes
60 days Chen2019 —0.9% DD (p<0.1) Yes
Quality of care
Medication discrepancies found" Boockvar2017 No difference (5=0.6 95%CI —0.27, 1.5) ND
Adverse drug events Boockvar2017 No difference (OR 95%CI 0.49, 2.1) ND
Inpatient mortality Chen2019 No difference (DD +0.2%, p>0.1) ND
Usher2016 OR 0.68 (95%CI 0.49, 0.78) Yes
Usher2018 OR 0.75 (95%CI 0.64, 0.88) Yes
90-day mortality i Usher2016 HR 0.78 (95%CI 0.57, 0.86) Yes
Discharge destination not home* Chen 2019 No difference (DD +0.3%, P>0.1) ND
Diagnostic discordance® Usher2018 OR 0.83 (95%CT1 0.77, 0.90) Yes
Utilization & cost
Single-day admissions! BenAssuli2015 —9.5% difference (OR 95%CI 0.88-0.95) Yes
Number of procedures per stay Chen2019 +0.241 DD (p<0.001) No
Total charges per stay Chen2019 +$4569 DD (p<0.001) No
Usher2018 No difference (mean $81,603 vs. $95,170) ND
Repeat imaging Rome2019 No difference (OR 95%CI 0.32, 1.36) ND
Length of stay (index) Chen2019 +0.248 days DD (p<0.001) No
Daniel2018 No association (p=0.47 for model) ND
Park2015 No difference (—6%, p=0.16) » ND
Length of stay (after transfer) Usher2018 No difference (mean 10.6 vs. 11.0 days) ND
Usher2016 —3.0 days (p<0.01) Yes

Length of stay (after readmission)  Flaks-Manov2016  No difference for different hospital readmissions (p>0.05)  ND

Abbreviations: HIE, health information exchange; DD, difference in difference; ADE, adverse drug event; OR, odds ratio; CI, confidence interval; ND,
no statistically significant difference

*For single-vendor HIE only; difference was not significant for enterprise HIE (—0.3%, p=0.095)

fThe number of medication discrepancies identified during pharmacist review after admission (more = higher quality care)

*Discharge to site other than home (e.g., skilled nursing facility)

SThe loss of a diagnostic code during a hospital transfer (more is considered poorer quality care)

IStudy authors labelled single-day admissions as inappropriate or low-quality admissions

TMean charges when both transferring and accepting hospitals had HIE vs. neither had HIE (standard deviations $102,287 and 133,921, respectively).
Calculated after log transformation of raw data

**Mean length of stay when both transferring and accepting hospitals had HIE vs. neither had HIE (standard deviations 10.8 and 14.1 days,
respectively). Calculated after log transformation of raw data

significant difference in the odds of inpatient mortality when
HIE was present.”® There was also no difference in the odds of
an adverse drug event or in the likelihood of identifying a
potentially harmful medication discrepancy when HIE was
present according to a single randomized control trial.>> One
study reported a statistically significant decrease in odds of
“diagnostic discordance”—defined as the loss or acquisition
of a diagnosis code following interhospital transfer—when

HIE was available. However, this was a new outcome created
by the authors that has not been widely studied in the hospital
setting.>'*

Health Care Utilization and Cost

Of the 11 analyses from 8 studies reporting on health care
utilization and cost outcomes, 6 found no difference in total

Table 3 Strength of Evidence Assessment

Outcome No. of Finding and direction of effect Strength of evidence
studies
Unplanned readmissions 5 2 good-quality studies, 1 study of fair quality favors HIE. 1 poor Low (reduced rate of

and 1 fair-quality study found no effect
1 fair and 1 poor-quality study favor HIE. 1 good-quality study

Mortality (inpatient or 90-day) 3

found no effect.

Length of stay (index or after 6
readmission or transfer)

1 good-quality study found longer stays with HIE. 1 good, 2 fair,
and 1 poor-quality studies found no difference. 1 poor-quality

unplanned readmission)
Low (reduced inpatient or

90-day mortality)
Insufficient evidence

study found reduced length of stay.

Charges per stay 2

1 good-quality study found higher cost with HIE, one fair-quality
study found no difference

Insufficient evidence

Abbreviations: HIE, health information exchange



JGIM Dupont et al: Review of HIE in Inpatient Settings 1051

charges,’! repeat imaging rates,?’ or length of stay,?>27-%3!

when HIE was present compared to when HIE was not avail-
able. One study reported 3 analyses that found that when HIE
was present there were statistically significantly greater total
charges (+$4569, p<0.001), longer length of stay (+0.248
days, p<0.001), and increased number of procedures per ad-
mission (+0.241 procedures, p<0.001).26 In contrast, one
study found a significant reduction (—9.5%, p<0.001, 95%CI
0.88-0.95) in odds of single-day admissions (considered by
the authors to be markers of low quality), and another reported
a significant reduction in length of stay after transfer (3.0
days, p<0.01) when HIE was available compared to when it
was not available.***°

DISCUSSION

In this systematic review, we analyzed 11 studies evaluating the
impact of HIE availability in the inpatient setting on patient and
health system outcomes. Heterogeneous clinical outcomes
across studies were difficult to compare; however, most studies
found a decrease or no impact on patient mortality rates. Utili-
zation and cost outcomes were less likely to show benefits from
HIE. It was uncommon for studies to account for the actual use
of HIE by providers rather than just HIE presence or absence.
Overall, the body of evidence around the effects of HIE on
inpatient hospitalizations remains limited (Table 3). We would
conclude that there is low strength of evidence that HIE is
associated with a reduction in unplanned readmission rates.
There is also low strength of evidence that HIE may reduce
inpatient or 90-day post-discharge mortality rates. There is
insufficient evidence to determine whether HIE is associated
with length of stay or other measures of utilization or cost. We
found no studies examining potential harm from HIEs.
Compared to prior systematic reviews of research on HIEs,
we found several promising developments in the literature.
First, there is more focus on clinical outcomes including
patient mortality and morbidity. Second, though the vast ma-
jority of reviews remain observational, there has been a greater
effort to statistically control for covariates affecting outcomes
such as patient complexity or diagnosis-related group. Third, a
few studies have even begun examining the actual use of HIE,
rather than just the presence or absence of HIE at the hospital
or system level. These studies still only consider HIE use as a
dichotomous variable, however, and do not capture the
amount of use, how it was used, or how the information
obtained impacted clinical decision-making. Notably, these
two studies that did consider actual use found that HIE use
by providers was associated with modest reductions in odds/
probability of readmission. Fourth, and finally, one study did
compare the impacts of enterprise versus single-vendor
HIEs—a comparison that warrants further investigation going
forward as hospitals select information exchange strategies.
Since the last major review was published, the proportion of
US hospitals performing all four domains of interoperability

(e.g., send, receive, find, and integrate patient information) has
more than doubled from 23% in 2014 to 55% in 2019."* In
2019, three-quarters of hospitals reported electronically find-
ing patient health information from sources outside their
health system—53% of hospitals specifically used state, re-
gional, or local HIE to do so."* In early 2022, the Office of the
National Coordinator released the long-awaited Trusted Ex-
change Framework and Common Agreement providing gov-
ernance for nationwide healthcare information exchange that
was mandated with the passage of the 21st Century Cures Act
in 2016.% These efforts have been reflected in a similarly
expanding body of research on HIE over the past 6 years.
Our review provides a timely update on the state of the
research on how HIE impacts patient and healthcare system
outcomes.

Limitations

Our review has several limitations. First, the reported findings
are limited to evaluations that appear in published literature.
Second, most of the published studies we reviewed were
exclusively observational with rare measurements of actual
HIE use rather than just the presence or absence of HIE at the
hospital or healthcare system level. Consequently, it is impos-
sible to examine the strength of the effect of HIE if it is used
more versus less, and so it is difficult to assess causality.
Additionally, as previously mentioned, many studies relied
on the same data sets such as the American Hospital Associ-
ation Information Technology Supplemental Survey and the
Healthcare Cost and Utilization Project Database. Finally,
there were highly variable outcomes studied, so it is challeng-
ing to synthesize and come to conclusions about the evidence.

That the current state of the literature does not allow for a
quantitative analysis of the impacts of HIE on the adult inpa-
tient setting should be concerning to researchers in this field. If
the goal is for sound evidence to inform policy decisions for
health systems and governments to shape future HIE efforts,
then future research efforts need to be selective in study
design. In the future, to assess the impact of HIE, we would
advocate for a more standardized selection of outcomes. It will
improve the body of evidence around HIE as clinical and
health care utilization outcomes are examined across multiple
studies. The most common outcomes studied thus far that
could be examined further include 30-day readmission rates,
inpatient and post-discharge mortality, length of stay, and total
charges or cost of admission. Additionally, given that HIE is
now quite widespread—and in order to better establish asso-
ciations between HIE and certain outcomes—we recommend
that future studies try to incorporate more direct measures of
HIE use by providers rather than just the presence or absence
of HIE capabilities. Finally, there should be a greater exami-
nation of the effects of different types of health information
sharing, such as the use of enterprise HIE versus single EHR
vendor-driven data sharing to inform future policy and hospi-
tal strategizing.
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CONCLUSION

There is low strength of evidence suggesting that HIE avail-
ability reduces unplanned readmission rates and possibly mor-
tality. There is insufficient evidence for the impact of HIE on
other clinical, cost, or utilization outcomes. To further our
understanding of the impact of HIE, future studies need to
select consistent outcomes, measure HIE use, and diversify the
sources of hospital and exchange data.
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