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INTRODUCTION

Over the last decade, there has been sub-
stantial growth in the adoption of the electronic 
health record (EHR) systems in ambulatory 
and hospital settings across the United States, 
fueled largely by incentive funding provided 
by the Health Information Technology for 
Economic and Clinical Health (HITECH) Act. 
As a result of HITECH, 94% of nonfederal hos-
pitals [1], 78% of hospital-based physicians [2], 
84% of emergency departments, and 73% of 
hospital outpatient departments in the United 
States have adopted EHR systems [3]. The 
motivation to increase the adoption of EHR 
systems is grounded in evidence that health 
information technology (HIT) can improve the 
quality, safety, efficiency, and satisfaction with 
care, as has been reported in a series of system-
atic reviews [4–7].

A major challenge to effective use of HIT, 
however, is that most patients in the United 
States, especially those with multiple condi-
tions, receive care across a number of settings 
[8,9]. To enable data to follow patients wher-
ever they receive care, attention has recently 
focused on health information exchange 
(HIE), defined as the reliable and interoper-
able electronic sharing of clinical information 
among physicians, nurses, pharmacists, other 
health care providers, and patients across 
the boundaries of health care institutions, 
health data repositories, states, and other 
entities who are not within a single organiza-
tion or among affiliated providers [10]. The 
HITECH Act recognized that EHR adoption 
alone was insufficient to realize the full prom-
ise of HIT, allocating $563 million for states 
or state-designated entities to establish HIE 
capability among health care providers and 
hospitals [11]. As a result of HITECH funding, 
HIE adoption has grown in a parallel though 
somewhat smaller manner. By 2014, 76% of 
US hospitals had engaged in some form of 
HIE [12]. An annual survey of organizations 

engaged in HIE found 135 in the United States 
in 2014 [13].

Evaluating the effectiveness of HIE (and 
HIT generally) has been challenging [14]. HIE 
is a technology that is intermediate to improv-
ing care delivery, allowing clinicians and oth-
ers’ improved access to patient data to inform 
decisions and facilitate appropriate use of test-
ing and treatment. HIE is not specific to any 
health issue or diagnosis. HIE implementations 
have often been supported by one-time start-up 
funding, without long-term support to sustain 
the programs long enough for evaluation.

There are three previously published sys-
tematic reviews that focus exclusively on 
HIE [15–17]. One of these reviews is almost 
a half-decade old [15], another focused only 
on US-based and clinical-only (ie, not public 
health) activities [16], and a third assessed only 
care outcomes and not larger issues of facili-
tators, barriers, and sustainability [17]. This 
chapter reports on a systematic review of HIE 
that updated the previous ones and catego-
rized results based on (1) effectiveness of HIE 
in improving clinical, economic, population, 
and intermediate outcomes; (2) use of HIE;  
(3) usability and facilitators and barriers to use 
of HIE; and (4) HIE implementation and sus-
tainability. A technical report further describes 
the methods and includes search strategies and 
additional information [18].

METHODS

As is done in a typical systematic review, a 
research librarian conducted electronic data-
base searches identifying relevant articles pub-
lished between January 1990 and February 2015 
in MEDLINE (Ovid), PsycINFO, CINAHL, and 
the Cochrane Library databases. Searches were 
peer-reviewed by another librarian and sup-
plemented by references identified from addi-
tional sources, including reference lists, table of 
contents of journals not indexed in databases 



Results

IV.  THE VALUE OF HEALTH INFORMATION EXCHANGE

215

searched, gray literature sources, and experts. 
English language studies of HIE that reported 
on outcomes related to our key questions were 
included. We included comparative studies 
of effectiveness and other designs for more 
qualitative outcomes. Two investigators inde-
pendently evaluated each study to determine 
inclusion eligibility. Disagreement was resolved 
by consensus with a third investigator making 
the final decision as needed.

Details of included studies were extracted 
by one investigator and reviewed for accuracy 
and completeness by a second. Investigators 
rated the quality (risk of bias) of the individual 
effectiveness studies and strength of the body 
of evidence based on preestablished crite-
ria. The strength of evidence consisted of four 
major categories: high, moderate, low, or insuf-
ficient based on the methodological limitations 
of studies; consistency across studies; precision 
of estimates; and directness of effect. Ratings 
were reviewed by a second investigator, and 
disagreements were resolved by consensus or 
involvement of a third investigator if necessary.

Data could not be combined in a quantitative 
meta-analysis because of heterogeneity in the  
interventions, the outcomes measured, and  
the way data were reported. Therefore, we 
combined studies qualitatively based on simi-
larity of the type of HIE, the implementation 
of the HIE, outcomes measured, and results 
reported. Where studies were not similar in 
these areas, we provided results of the individ-
ual studies without grouping them.

RESULTS

Out of 5211 potentially relevant citations 
identified in our literature searches, 850 arti-
cles were selected for full-text review and 136 
studies were ultimately included. Search and 
selection results are summarized in Fig. 14.1.  
Of the 136 studies included, two randomized 
controlled trials (RCTs) described in three 

papers and 32 observational and survey stud-
ies addressed clinical, economic, population, 
and intermediate outcomes. Most were con-
ducted in the United States, although eight 
were from Europe, Canada, Israel, and South 
Korea. These studies reported clinical or public 
health process, economic, or population out-
comes, while no studies reported harms of HIE. 
The majority were assessed to be of low risk of 
bias (ie, good internal validity) but also con-
tained mostly retrospective observational evi-
dence. We identified 58 studies that addressed 
the use of HIE. The majority were conducted  
in the United States and were low risk of bias or 
used study designs that were not amenable to 
rating. Twenty-two studies were identified that 
addressed usability and facilitators and bar-
riers to use. Most were assessed to be of mod-
erate risk of bias and were conducted in the 
United States, Austria, and Australia. A total of 
52 studies addressed HIE implementation and 
sustainability. These studies used varying types 
of qualitative methods that we did rate for risk 
of bias or used study designs that were not 
amenable to rating.

Improving Clinical, Economic, 
Population, and Intermediate Outcomes

Of 34 studies, 26 reported clinical (intermedi-
ate), economic, or population outcomes, while 
eight were found to report on perceptions of 
outcomes. No studies evaluated primary clini-
cal outcomes from HIE (eg, mortality and mor-
bidity) nor explicitly assessed harms. We list 
the study designs and geographic locations in 
Table 14.1.

The most common study design for assess-
ing outcomes was retrospective cohort, typi-
cally with HIE use associated with a specific 
outcome factor (Table 14.1). The next most 
common design was survey, which was usu-
ally focused on perception of outcomes. Two 
studies were RCTs, one of a particular directed 
information exchange (two published papers, 
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one on clinical outcomes and the other on 
perceptions) and the other of a clinical deci-
sion support intervention using data from an 
HIE implementation. Two studies used cross-
sectional analyses of large databases to com-
pare those having access to HIE with those 
without access. Two other studies used a case 
series methodology, one of which involved 
asking clinicians if HIE access avoided unde-
sirable resource use and then calculating the 
costs saved and the other that retrospectively 

analyzed data to determine duplicative test-
ing averted. For additional information on 
study designs, refer to chapter “Measuring the 
Value of Health Information Exchange” which 
describes how to evaluate HIE.

The identified studies were performed 
mostly in the United States, but we iden-
tified eight studies from five other coun-
tries. Of the 26 US studies, two assessed 
multiple HIE implementations across the 
entire United States, one assessed multiple HIE 

FIGURE 14.1  Results of the literature search. *Cochrane databases include the Cochrane Database of Systematic 
Reviews, Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews of Effects, and National Health 
Sciences Economic Evaluation Database. †Identified from reference lists, hand searching, suggested by experts, and other 
sources. ‡Publications may address more than one key question, studies may have multiple publications.
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implementations in two states (California and 
Florida), and the remaining 23 studies were 
conducted in 13 states. Most studies used ret-
rospective designs, usually with an approach 
examining the association of HIE use with one 

or more clinical variables. All of these stud-
ies focused on the direct effect of HIE, usu-
ally in reducing resource use or costs, without 
determining its larger impact (eg, overall total 
or proportion of spending in an emergency 
department (ED) vs the total dollar amounts 
that HIE appeared to save). None of the stud-
ies analyzed individual episodes of care to 
determine clinical appropriateness of possible 
changes brought about by HIE use.

The prospective studies also had limitations. 
The RCTs were focused on highly specific uses 
of HIE, namely directed exchange of ED reports 
in one and pharmacotherapy clinical decision 
support in another. Of note, however, was that 
neither study showed benefit of HIE. The other 
prospective study was limited by methodology 
of physicians self-reporting of resources not uti-
lized when HIE was used, with no follow-up or 
validation of their decisions or analysis of more 
holistic views of clinical outcomes or costs.

Most of these studies had reasonable but not 
strong internal validity. As the HIE interven-
tion was only one of many potential influences 
on clinical outcome (ie, many more factors 
go into clinical outcomes than the decision to 
consult an HIE on a patient), there was possi-
ble confounding. As a result, most studies with 
appropriate retrospective methods are listed as 
having low or moderate risk of bias.

Due mainly to the study designs and per-
formance or reporting limitations, the lack 
of ability to combine results, and other fac-
tors, the strength of this body of evidence was 
rated as low, meaning that future studies have 
the potential to alter these findings in magni-
tude or direction. In addition, the number of 
studies and their locations in the United States 
represent a small fraction of those reporting 
to be operational, sustainable, or innovating 
according to the eHealth Initiative Annual Data 
Exchange Survey, which reported a total of 84 
such HIE implementations in 2013 [53] and 106 
in 2014 [13]. In other words, while a substantial 
number of HIE implementations exist in the 

TABLE 14.1 S tudy Designs and Locations

Design (Number) References

Retrospective cohort (18) 19–36

Survey (8) 37–44

Randomized controlled trial (3) 45–47

Cross-sectional (2) 48,49

Case series (2) 50,51

Location (Number) References

Austria (1) 38

Canada (2) 45,47

Finland (2) 27,42

Israel (2) 24,52

South Korea (1) 43

All of United States (2) 44,48

California and Florida 49

Colorado (1) 30

Indiana (3) 25,29,40

Louisiana (1) 28

Massachusetts (1) 41

Minnesota (1) 51

North Carolina (1) 46

New York (6) 26,31,35–37,39

Oklahoma (1) 21

South Carolina (1) 50

Tennessee (3) 20,22,23

Texas (1) 34

Virginia (1) 19

Wisconsin (2) 32,33
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United States, only a small number have been 
subject to evaluation. This low number of stud-
ies relative to HIE efforts also makes it difficult 
to generalize factors about aspects of them, 
such as location, HIE type, and setting, with 
results of research.

Improving Resource Use
Most of the studies of HIE effectiveness 

focused on resource use. We categorized these 
as follows (Table 14.2): laboratory testing, radi-
ology testing, hospital admissions, hospital 
readmissions, referrals and consultations, ED 
costs, public heath reporting, quality of care, 
and other aspects of HIE. Although the risk of 
bias in most studies was low, the resulting evi-
dence from them was mostly of low strength 
due to retrospective designs. This low-strength 
evidence mostly favored the value of HIE in 
reducing resource use and costs, especially in 
the ED, but used a very narrow cost perspec-
tive and did not account for how HIE was used 
or its impact on the overall care of the patient 
beyond the immediate setting where it was 
used.

Perceptions
Eight studies evaluated clinician or patient 

perceptions of outcomes from HIE, with all 
showing partial or complete perception of HIE 
leading to improved outcomes. Clinician per-
ceptions of the value of HIE, where studied, 
were generally positive. How such perceptions 
translate into improved care is unknown. This 
body of evidence was rated as low strength.

Factors Associated With Outcomes
To determine whether effectiveness of HIE 

varied by study type, health care setting, loca-
tion, or HIE type, we categorized these factors 
by whether HIE was found to have some ben-
eficial effect or not. As shown in Table 14.3, the 
preponderance of studies showed that HIE use 
for different functions, in various settings, and 
of varying types was mostly positive. While the 

number of positive versus negative studies was 
not an indicator of the overall direction of the 
evidence, we did note that for each “negative” 
study, there was at least one “positive” one. 
For “Type of HIE,” there was no clear pattern 
of findings to suggest that one type is clearly 
better than another, even indirectly. The two 
RCTs we found were described in three papers. 
Two of these reported outcomes, one for each 
RCT, both of which showed no benefit for the 
HIE intervention [45,46]. A perceptions study of 
one of the RCTs found impressions of improved 
patient outcomes and their management [47]. 
These were in contrast with the observational 
study designs where almost all found beneficial 
effects of HIE. For HIE setting, only ambulatory 
and ED had enough studies to evaluate pat-
terns, with outpatient settings less likely to find 
beneficial results compared with studies in ED 
settings, but again based on indirect compari-
sons only. The sparseness of studies across geo-
graphic settings did not allow for identification 
of patterns, although across most studies in the 
United States, the findings were positive.

Use of HIE

Fifty-eight studies described either level of 
use or primary uses of HIE. Many of these were 
at low risk of bias. Fifteen nationwide surveys 
conducted in the United States suggested that 
the proportion of hospitals using HIE has risen 
substantially in recent years, from 11% (2009) 
[54] to between 30% and 58% till date [55–57]. 
Data from the Office of the National Coordinator 
for Health Information Technology (ONC) from 
2014 suggested that more than three-quarters 
(76%) of nonfederal acute care hospitals elec-
tronically exchanged laboratory results, radi-
ology reports, clinical care summaries, and/
or medication lists with any outside providers 
[12]. In ambulatory care settings, 38% of office-
based physicians reported exchanging infor-
mation with other providers or hospitals [58]. 
Characteristics of higher HIE use were larger 
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practice size, practice owned by a health system 
(vs physician owned), and multispecialty (vs 
single specialty) practice. Hospitals and ambu-
latory care providers both provided and used 
data, while laboratory services provided data 
and community clinics mostly used data [59]. 
At least 50% of these organizations have reached 
an advanced stage of use of core functionali-
ties, with many supporting health care reform 

initiatives and advanced analytics [13,53]. Use 
varied by type of health care professional, with 
higher use by nurses and clerks compared with 
physicians [60,61]. Limited data from residen-
tial care settings suggested that use of HIE in 
this setting is very low (<1%) [62,63], with the 
consistent pattern of nonprofits having wider 
use than for-profit entities. An additional 30 
studies analyzed the extent to which HIE was 

TABLE 14.2 S tudy Results by Categories

Category (Number) Results

Laboratory testing (6) Six studies demonstrated a benefit for HIE in reducing overall tests, although estimates 
of impact on cost were mixed [20,27,30,32,50,51]. Four of these studies took place in the 
ED setting, all showing some aspect of reduced testing and cost savings [20,32,50,51]. 
Two studies were conducted in ambulatory settings, with one showing an increase [27] 
and the other showing a reduction in the increased overall rate of testing [30].

Radiology testing (9) Seven studies carried out in the ED setting showing reduced testing [20,22,23,32,49–51]. 
Two studies were conducted in ambulatory settings, with one showing a decrease [27] 
and the other showing no change in rate of testing [30].

Hospital admissions (8) 2 studies found a reduction in hospital admissions and lower costs using methods 
previously described [20,50]. Three other studies also measured some benefit for HIE use 
in reducing hospital admissions [24,36,52], although three additional studies found no 
such reduction [33,34,45].

Hospital readmissions (2) For reducing hospital readmissions, one study showed benefit for HIE [35] but the other 
did not [48].

Referrals and consultations (2) Two studies, described previously, assessed HIE for reducing referrals and/or 
consultations, with conflicting results [27,50].

ED costs (2) Two studies found reduced overall ED costs per patient when HIE was available [20,32]. 
Neither study reported overall ED expenditures, making it unknown what proportion of 
overall ED spending was impacted by HIE.

Public heath reporting (3) Three studies assessed HIE in public health settings, all of which were conducted in the 
United States and reported improved automated laboratory reporting [29], improved 
completeness of reporting for notifiable diseases [25], and improved identification of HIV 
patients for follow-up care [28].

Quality of care in ambulatory 
settings (3)

Two retrospective studies found HIE associated with improved quality of care [21,26], 
while an RCT focused on medication reconciliation found increased ability to detect 
medication adherence problems but was unable to show improvement in adherence after 
it was identified and address by providers [46].

Other aspects of HIE (3) Three studies assessed other aspects of HIE, including reduction in time for processing 
of social security disability claims [19], increased ability to identify frequent ED users 
[31], and associated of HIE implementation with improved patient satisfaction scores in 
hospitals [44].

ED, emergency department; HIE, health information exchange; HIV, human immunodeficiency virus; RCT, randomized controlled trial.



TABLE 14.3  Factors That May Affect Outcomes and Perceptions

Studies of 
Outcomes

Studies of  
Perceptions

Studies Reported  
as Beneficial

Studies Reported  
as No Benefit Total

STUDY TYPE

Retrospective cohort 20 19 1 20

Randomized controlled trial 2 1 1 2 3

Cross-sectional 2 1 1 2

Case series 2 2 2

Surveya 8 8 8

SETTING

All 1 1 1

Emergency department 13 3 13 3 16

Government 1 1 1

Health management organization 2 2 2

Hospital 1 1 1

Outpatient 5 5 9 1 10

Public health 3 3 3

LOCATION

United States, multistate 3 2 1 3

Colorado 1 1 1

Indiana 2 1 3 3

Louisiana 1 1 1

Massachusetts 1 1 1

Minnesota 1 1 1

North Carolina 1 1 1

New York 4 2 6 6

Oklahoma 1 1 1

South Carolina 1 1 1

Tennessee 3 3 3

Texas 1 1 1

Virginia 1 1 1

Wisconsin 2 1 1 2

Austria 1 1 1

Canada 1 1 1 1 2

Finland 1 1 1 1 2

Israel 2 2 2

South Korea 1 1 1

HEALTH INFORMATION EXCHANGE TYPE

Directed 5 5 8 2 10

Query 18 2 19 1 20

Multiple 3 1 3 1 4

aOne survey study was also a randomized controlled trial.
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implemented in a state or across a region. These 
studies evaluated inpatient, outpatient, com-
munity clinic, and ED use, but few regions pro-
vided data. Results suggested that actual use of 
HIE is still not well integrated into clinical care, 
being used in fewer than 10% of visits in both 
Tennessee [60] and Texas [64], with higher use 
for ED visits (15%) [61]. Results from nine inter-
national or multinational studies suggested the 
same finding of low to moderate use [65].

Usability and Facilitators and  
Barriers to Use

Twenty-two cross-sectional multiple site 
case studies and before–after studies provided 
descriptive and qualitative data on usability as 
well as barriers and facilitators to electronically 
exchanging health data. The main sources of evi-
dence from 17 US studies included survey data 
from 225 clinician and 174 health professional 
HIE users, interview transcripts and focus group 
transcripts of 177 clinician users, and 118 health 
professional users [37,60,61,66–79]. Five interna-
tional studies provided survey data that included 
responses from more than 11,000 clinicians from 
31 European countries [38,80–82] and Australia 
[83]. The most frequent users rated usability 
higher than infrequent users. Comparison of usa-
bility by type of HIE function (directed exchange 
or push vs query-based or pull) and architecture 
(eg, whether the query-based system used a cen-
tralized or federated model) was difficult as the 
authors described HIE differently and there was 
no standard classification. Additionally, users 
reported barriers to HIE centered on three main 
themes: lack of critical mass (eg, limited partici-
pation in HIE limiting availability of data needed 
by providers); inefficient workflow; and poorly 
designed interface.

Implementation and Sustainability

A relatively large number of studies identi-
fied in this review assessed factors that impact 

the implementation (45 studies) and/or sus-
tainability (17 studies) of HIE [19–21,55,66,67, 
79,80,84–127]. Adopting and then supporting 
ongoing HIE are organizational decisions, and 
the research provides insight into what organi-
zations experience as barriers and facilitators. 
Implementation and sustainability are linked 
(ie, organizations consider sustainability poten-
tial when deciding whether to implement a 
new technology), but sustainability has been 
the subject of fewer studies likely because HIE 
is still a comparatively new innovation (refer 
to chapter: Managing the Business of Health 
Information Exchange: Toward Sustainability). 
Across these studies the most commonly cited 
implementation facilitators were general organ-
izational characteristics such as leadership and 
IT readiness. The most frequently cited barri-
ers to implementation were factors viewed as 
disincentives including competition, costs, lim-
ited return on investment, and concerns about 
data misuse and privacy. Positive influences 
identified for sustainability were desire for the 
expected outcomes from HIE and the selection 
of HIE functions most likely to have financial 
benefit. The most frequently cited negative 
influence was competition that limited the col-
laboration necessary to support HIE. A major 
limitation of this body of evidence is that the 
studies have not been designed to directly com-
pare the relative impact of these factors or to 
prioritize what should be addressed in order  
to promote the implementation and sustainabil-
ity of HIE.

CONCLUSIONS

The findings of this systematic review are 
summarized in Table 14.4. We conclude that a 
collection of low-quality evidence on HIE sug-
gests value for reducing duplicative laboratory 
and radiology test ordering, lowering ED costs, 
reducing hospital admissions (less so for read-
missions), improving public health reporting, 
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increasing ambulatory quality of care, and 
improving disability claims processing. The 
evidence is low-quality, because the retrospec-
tive nature of the studies and limited scope of 

the questions they address reduce their applica-
bility. It is unlikely that additional studies of the 
kind included in this review will substantially 
alter the overall conclusion that HIE can reduce 

TABLE 14.4 S ummary of Evidence

Topic
Number of Included 
Studies and Its Type Main Findings

Primary Limitations of the 
Evidence

Effectiveness 34
20 Retrospective cohort
3 Randomized 

controlled trial
2 Cross-sectional
2 Case series
8 Survey (1 survey 

study was an RCT)

Low-quality evidence somewhat 
supports the value of HIE for 
reducing duplicative laboratory and 
radiology test ordering, lowering ED 
costs, reducing hospital admissions 
(less so for readmissions), improving 
public health reporting, increasing 
ambulatory quality of care, and 
improving disability claims 
processing. No evidence of harms 
was reported.

Studies were from a small 
number of the functioning HIE 
implementations, with similarity to 
unstudied ones unknown, possibly 
limiting generalizability.

Studies looked at limited outcomes 
compared with the intended scope 
of the impact of HIE.

Use 58
25 Surveys
13 Audit Logs
9 Retrospective database
7 Mixed methods
2 Focus Groups
1 Time-motion
1 Geocoding

Proportion of hospitals and 
ambulatory care practices that have 
adopted HIE is increasing.

Currently, proportion of clinicians 
using HIE and proportion of patients 
or episodes associated with HIE use 
are generally low.

While there are relatively  
high-quality national and regional 
surveys and reports that are 
tracking the expansion of HIE 
among health care organizations, 
there is not a corresponding 
comprehensive effort to track 
changes in rates of use within 
organizations.

Usability and 
other factors 
affecting use

22;
9 Multiple site case 

studies
11 Cross-sectional
2 Before–after

Three most commonly cited barriers 
to HIE use were: incomplete 
patient information (eight studies); 
inefficient workflow (six studies); 
poorly designed interface and 
update features (six studies).

Studies of usability did not relate it 
to effectiveness and do not permit 
comparisons across settings or type 
of HIE.

Studies had limitations such as 
incomplete reporting on sampling, 
low response rates or selection 
of a narrow setting or patient 
population which minimize 
applicability.

Implementation 
and sustainability

52
26 Cross-sectional
17 Multiple site case 

studies
2 Before–after
3 Retrospective cohorts
2 Prospective cohorts
2 Time series

Most facilitators of implementation 
are characteristics of the HIE or the 
internal organizational environment. 
Many barriers to implementation are 
external, environmental factors.

Factors related to sustainability 
overlap with those identified for 
implementation.

Studies do not allow comparison of 
the impact of different barrier and 
facilitators.

The definition and appropriate 
measure of sustainability are not 
yet clear.

ED, emergency department; HIE, health information exchange; RCT, randomized controlled trial.
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laboratory and imaging tests associated with 
episodes of care without broadening their scope 
and using more rigorous designs. Though the 
preponderance of evidence supports positive 
effects in terms of reduced resource use and 
improved quality of care, it is entirely possi-
ble that focused studies with stronger study 
designs and more comprehensive assessment 
of utilization or clinical outcomes might reach a 
different conclusion.

Comparison With Other Reviews

The present systematic review of HIE 
can be compared with two other system-
atic reviews of HIE: one by Rudin et  al. [16] 
and another by Rahurkar et  al. [17]. All three 
systematic reviews used generally similar 
approaches, with similar definitions of HIE 
and focus on studies of HIE impact, exclud-
ing system descriptions and simple case stud-
ies. The three reviews differed, however, in 
their scope and inclusiveness. Our review was  
the broadest in scope and the most inclusive  
in the search for evidence. In addition to 
patient and population health outcomes, eco-
nomic, utilization process outcomes, and bar-
riers and facilitators to implementation and 
use, our review also included studies con-
cerned with use and usability of HIE. We also 
included studies beyond the United States and 
those reporting on public health and surveil-
lance as well as exchange of administrative 
and financial information. The overall result 
is that we examined a more diverse and more 
inclusive collection of evidence, especially 
with respect to usability and use as well as 
assessing public health settings, although we 
came to largely similar conclusions. Rahurkar 
et  al. performed a multivariate analysis that 
found study design was the only characteris-
tic associated with finding a beneficial effect, 
with the most rigorous studies being less 
likely to report benefits of HIE [17].

Applicability

One of the concerns of our results is how 
applicable they might be under “real-world” 
conditions in health systems, hospitals, and 
clinics in the United States. One concern has 
been that the bulk of the evidence about HIT 
impact has arisen out of a relatively small 
number of leading HIT centers [4]. These cent-
ers have been referred to as such because they 
are typically large academic medical centers 
with internally developed HIT systems, imple-
mented incrementally, and refined over a long 
period of time. In the present review of HIE the 
concentration of evidence phenomenon is also 
present, with large numbers of published stud-
ies emanating from relatively few areas. Yet this 
time, it is regional implementation programs 
rather than academic health centers, such as 
those in Indiana, New York, and Tennessee, for 
which we observe a concentration of the evi-
dence. Related to the “HIT leader,” concern is 
the issue of systems evaluated by their devel-
opers, also observed in other aspects of HIT 
[128] such as clinical decision support that tend 
to achieve more positive outcomes from their 
evaluation than external evaluators.

Future Research Needs

Given the limited conclusions that can be 
reached after review of so much published lit-
erature on the effects, use, sustainability, and 
barriers to implementation and use of HIE, 
what are the implications for future research? 
Researchers of HIE should work to develop 
greater focus and clarity about the level at 
which interventions are operating as well as the 
types and levels at which outcomes are meas-
ured. The outcomes of interest and the factors 
influencing them may be quite different at dif-
ferent levels of analysis, from specific systems 
or functionalities of HIE; to individual patients, 
providers, or episodes of care; to health care 
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units such as the ED, primary care practice, or 
hospital ward; to institutions such as hospi-
tals; to aggregates such as health systems; or 
broader regional multiorganization entities or 
regions.

What types of studies should be performed? 
RCTs are impractical for technologies with 
wide-ranging purposes like HIE. Yet, retrospec-
tive studies associating HIE versus nonuse for 
outcomes such as test ordering and hospital 
admissions limit the conclusions that can be 
drawn. Research is also challenging because 
many of the important clinical outcomes that 
could benefit from HIE have many other poten-
tial contributing and confounding factors relat-
ing to the patient, his or her clinicians, the 
quality of care delivered, the EHR system, and 
other HIT used, the nature of the health care 
delivery system, the regulatory environment, 
and many more.

Future studies should be prospective, carried 
out in mature HIE settings, assessing patients 
who are likely to benefit from HIE and compar-
ing appropriate outcomes for the use or non-
use of HIE. The prospective collection of data 
from diverse settings where HIE is used could 
allow for prospective cohort studies that could 
identify aspects of HIE associated with benefi-
cial outcomes. This will likely require an effort 
comparable in scope to national data collection 
efforts, such as the Patient-Centered Outcomes 
Research Institute Clinical Data Research 
Network initiative [129]. Ideally, such an under-
taking could be synergistic with these other 
large-scale efforts.

The full impact of HIE on clinical outcomes 
and potential harms is insufficiently studied, 
although evidence provides some support 
for benefit in reducing use of some specific 
resources and achieving improvements in qual-
ity of care measures. Use of HIE has increased 
over time and is the highest in hospitals and 
the lowest in residential care settings. However, 
use of HIE within organizations that offer it is 
still low. Barriers to HIE use include incomplete 

patient information, inefficient workflow, and 
poorly designed interface and update features, 
but factors affecting implementation and sus-
tainability remain unclear. To advance our 
understanding of HIE, future studies need to 
address comprehensive questions, use more 
rigorous designs, and be part of a coordinated 
systematic approach to studying HIE.
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