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Obijective: To assess the impact of electronic health record (EHR) on healthcare quality, we hence carried out a
systematic review and meta-analysis of published studies on this topic. Methods: PubMed, Web of Knowledge,
Scopus and Cochrane Library databases were searched to identify studies that investigated the association
between the EHR implementation and process or outcome indicators. Two reviewers screened identified
citations and extracted data according to the PRISMA guidelines. Meta-analysis was performed using the
random effects model for each indicator. Heterogeneity was quantified using the Cochran Q test and 12
statistics, and publication bias was assessed using the Egger’s test. Results: Of the 23398 citations identified, 47
articles were included in the analysis. Meta-analysis showed an association between EHR use and a reduced
documentation time with a difference in mean of —22.4% [95% confidence interval (Cl)=-38.8 to —6.0%;
P<0.007]. EHR resulted also associated with a higher guideline adherence with a risk ratio (RR) of 1.33 (95%
Cl=1.01 to 1.76; P=0.049) and a lower number of medication errors with an overall RR of 0.46 (95% Cl=0.38 to
0.55; P<0.001), and adverse drug effects (ADEs) with an overall RR of 0.66 (95% Cl=0.44 to 0.99; P=0.045).
No association with mortality was evident (P=0.936). High heterogeneity among the studies was evident.
Publication bias was not evident. Conclusions: EHR system, when properly implemented, can improve the
quality of healthcare, increasing time efficiency and guideline adherence and reducing medication errors and
ADEs. Strategies for EHR implementation should be therefore recommended and promoted.

Introduction

ur world has been radically transformed through digital
Oinnovation. Information technologies play a growing role in
healthcare delivery and help address the health problems and
challenges faced by clinicians and other health professionals.

An electronic health record (EHR) is a systematic electronic
collection of health information about patients such as medical
history, medication orders, vital signs, laboratory results, radiology
reports, and physician and nurse notes. In healthcare institutions, it
automates the medication, as well as exam, ordering process
ensuring standardized, readable and complete orders.

An EHR may also include a decision support system (DSS) that
provides up-to-date medical knowledge, reminders or other actions
that aid health professionals in decision making.'

Although several studies on the effects of EHR implementation
have been published, evidence on EHR effects continues to be
disputed. Even if most of the studies published seem to provide
promising data, some reported different results, such as Han
et al.” who reported an unexpected rise in mortality after the EHR
implementation in a tertiary care children’s hospital.

To assess the impact of EHRs on healthcare quality, we hence carried
out a systematic review and meta-analysis of published studies on this
topic that may provide a rational basis for recommendations.

Methods

This study was conducted and reported in accord with PRISMA
guidelines for meta-analyzes and systematic reviews.’

Search strategy and study selection

A protocol was developed, and we searched in PubMed, Web of

Knowledge, Scopus and Cochrane Library databases to identify

studies that evaluated the benefits of EHR implementation using

the following algorithm:#1 = ‘Electronic Medical Record” OR
‘Electronic Health Record” OR ‘Electronic Patient Record’.

#2 = ‘Computerized Physician Order Entry’.

#3 = ‘Decision Support Systems’.

#4=4#1 OR #2 OR #3.

#5=value OR impact OR benefit OR improvement.

#6 = quality OR efficiency OR risk OR safety.

#7=4#5 OR #6.

#8=#4 AND #7.

Our search was restricted to English language studies published
from 1994 to 2013.

Studies were considered eligible if they investigated the association
between the EHR implementation and process or outcome
indicators and if they had a control group who did not use the EHR.

One reviewer screened titles, and then, abstracts of relevant titles
were identified. Full texts of potential citations were subsequently
obtained; two reviewers independently screened them for inclusion,
and disagreements were resolved through discussion. Additional
relevant publications were identified from the references of the
initially retrieved articles.

Data extraction

From each study, we extracted data on the first author’s last name,
year of publication and process or outcome indicators evaluated.
For indicators represented by dichotomous variables, risk ratios
(RRs) with their confidence intervals (Cls) (or data necessary to
obtain them) were extracted. For indicators represented by
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continuous variables, sample sizes of both control and intervention
groups and differences in mean (DMs) and their CIs (or data
necessary to obtain them) were extracted.

All data extractions were conducted independently by two
reviewers, and disagreements were resolved through discussion.

Data analysis

Meta-analysis was performed for each process or outcome indicators
evaluated. Because of the significant heterogeneity expected among
the studies performed in different settings, the random effects model
was employed using the Der Simonian and Laird’s method.*

Heterogeneity was quantified using the Cochran Q test and I?
statistics.

For indicators with available both studies including DSS and not
subgroup analyzes were performed.

Sensitivity analyzes were conducted by excluding one study at a
time from the meta-analysis to determine whether the results of the
meta-analysis were influenced by individual studies and whether risk
estimates and heterogeneity were substantially modified.
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The presence of publication bias was assessed using a visual funnel
plot inspection and Egger’s test.®

All statistical tests were performed with Comprehensive Meta-
Analysis software version 2.2.064 (Biostat, Englewood, NJ).

Results

Search results and study characteristics

Searching the online databases resulted in 23398 articles from
PubMed, Web of Knowledge, Scopus and Cochrane Library. After
the initial screening of titles and abstracts, 404 articles were
considered for full text review. Twelve articles were excluded
because full texts were not available, and 352 articles were
excluded based on the full text review. After having identified
seven additional articles by reviewing bibliographies, 47 articles
were included in the analysis (figure 1).

Nine studies investigated the relationship between EHR use and a
reduced documentation time spent by healthcare professionals. The
association between EHR and guideline adherence, medication

Pubmed Web of Knowledge Scopus Cochrane Library
(n=5783) (n=9987) (n=7624) (n=4)
Y
titles identified for review
(n=23398)
> rejected on title review &
removed duplicates (n = 21393)
Y
titles considered relevant
(n=2005)
rejected on abstract review
(n=1601)
Y
article requested
(n=404)
not found
> (n=12)
Y
article screened
(n=392)
> rejected on full text review
additional articles (n=352)
identified by reviewing >
bibliographies (n = 7)
Y
article included
(n=47)

Figure 1 Search flow for EHR literature
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Figure 2 Forest plot for the meta-analysis of studies reporting on (a) EHR and documentation time, (b) guideline adherence,
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(c) medication errors, (d) ADEs and (e) mortality. The overall, as well as subgroup, estimates of the effect are represented by diamonds

in each plot
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errors, adverse drug effects (ADEs), and mortality were evaluated in
6, 24, 7 and 8 studies, respectively.

Meta-analysis

Meta-analysis showed an association between EHR use by healthcare
professionals and a reduced documentation time with a difference in
mean of —22.4% (95% CI=—38.8% to —6.0%; P <0.007).

The EHR resulted also associated with a higher guideline
adherence with an RR of 1.33 (95% CI=1.01 to 1.76; P=0.049)
and a lower number of medication errors with an overall RR of
0.46 (95% CI=0.38 to 0.55; P<0.001) and ADEs with an overall
RR of 0.66 (95% CI=0.44 to 0.99; P=0.045). No association with
mortality was evident (P=0.936) (figure 2).

High heterogeneity among the studies regarding documentation
time (Q test P<0.001 and I°=92.4%), guideline adherence (Q test
P<0.001 and I?=91.9%), medication errors (Q test P<0.001 and
=97.7%) and ADEs (Q test P<0.001 and I>=80.8%) was evident.
Moderate heterogeneity regarding mortality (Q test P=0.012 and
’=61.0%) was also evident.

Sensitivity analysis and publication bias

Sensitivity analysis has shown the stability of the overall effect sizes
with the withdrawal of any of the study from the analysis without a
significant improvement of the heterogeneity. Publication bias was
not evident from reviews of the funnel plot or Egger’s test for any
process or outcome indicators considered.

Subgroup analysis

For medication errors, ADEs and mortality both studies including
and excluding DSS were available. Subgroup analysis confirmed the
association between EHR and a reduction of medication errors and
showed a better outcome for EHR including DSS, RR of 0.33 (95%
CI=0.25 to 0.45), compared with software without DSS, RR of 0.60
(95% CI=0.45 to 0.81). Regarding the association between EHR and
ADE:s reduction, subgroup analysis also showed a better significant
association for EHR including DSS, RR of 0.40 (95% CI=0.21 to
0.75), but it showed a non-significant association for software not
including DSS, RR of 1.20 (95% CI=0.79 to 1.82).

Moreover, regarding the absence of significant association
between EHR and mortality, subgroup analysis confirmed this
absence with a slightly better outcome for EHR using DSS, RR of
0.93 (95% CI=0.58 to 1.49), compared with EHR not using DSS,
RR of 1.06 (95% CI=0.59 to 1.92).

Discussion

This meta-analysis provides evidence that the use of EHR can
improve the quality of healthcare, increasing time efficiency and
guideline adherence and reducing medication errors and ADEs.

Consequently, EHR can determine also a reduction of costs
associated with medical errors, ADEs and time inefficiency. In effect,
several studies focused on the economics of medical errors’ and
ADEs'®!"! point out that considerable cost reductions are achievable
through improving quality of care and reducing harm to patients.'”

Guidelines adherence may have an impact on resource use and
cost reduction, supporting specialists in their clinical choices by
reducing errors and ADEs related to treatment and, consequently,
unnecessary waste of resources, as some examples reported by
scientific literature."”” In fact guidelines are promoted as a means
to decrease inappropriate clinical practice variability and use of in-
effective therapies and to reduce medical errors,'* thus resulting in
improved patient outcomes and more cost-effective care."”
Moreover, several studies have reported that the use of appropriate
information technology in the delivery of healthcare may also
improve hospital efficiency, with benefits exceeding the costs of
adoption'® and patient satisfaction rating.'”
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Subgroup analyzes for EHR with DSS compared with EHR
without DSS provide also interesting results. EHR including DSS,
that actively provides up-to-date medical knowledge, reminders or
other actions that aid health professionals in decision making,
showed in fact generally a better outcome.

So, even if in this review we are far from knowing how EHR
generates these quality improvements, this may suggest that such
dynamic components are ones of the most effective parts of EHRs.

Regarding the association between EHR and ADEs reduction,
subgroup analysis showed a better significant association for EHR
including DSS, but a non-significant association for software not
including DSS. However, the absence of association with ADEs
reduction for the subgroup of studies not using DSS is probably
due to the limitation of having only three studies in this subgroup.

Despite the benefits that EHR can provide, a proper implemen-
tation strategy is essential. In our opinion, it is likely that there are
cases where the success of EHR was not reached because of a non-
effective implementation strategy.

An example of an effective strategy may be identified through the
WHO guidelines for EHR in developing countries'® and reassumed
in six key actions:—review the current health record system,

—try to emulate benchmark practices,

—involve the anticipated users of the system from the onset of
discussions,

—train the users to the EHR system,

—evaluate the benefits of the implemented system,

—update the system when needed.

We believe that such an implementation strategy or a similar one is
crucial in effectively setting up an EHR system, reducing the resistance
of medical practitioners and health professionals, ensuring that the
system is used optimally, and obtaining clinical results.

Having used the tool of quantitative meta-analysis of several
outcomes to synthesize the evidence on the EHR is definitely a
strength of our study.

However, our study has also its limitations. In fact, we focused on
different indicators and although we did a comprehensive search, we
found only a limited number of articles with quantitative data
among the articles identified and even less for each indicator and
subgroup. High heterogeneity was also present and may have
affected the robustness of the results. Possible source of such het-
erogeneity includes difference in the software used, their quality and
usability, and different settings of implementation.

Moreover, information on technical items and procedures that
shape the EHR software was not included in most studies. Further
research is therefore needed to determine the differences among the
various system, the different items that shape an EHR software, and
the different benefits of any of them. Health information technology
systems are, in fact, healthcare interventions, and systems for
evaluating their efficacy and safety should be as robust as those
evaluating other healthcare technologies. Such evidence may
provide healthcare providers with useful indication regarding the
kind of EHR software and its proper implementation to improve
the quality of health care provided and to generate value.

EHR is also often considered an ideal tool to be used to assess
healthcare quality and monitor health providers’ performance
because of the availability of stored computerized data. The last
could allow automated quality assessment, avoiding manual chart
review and medical record abstraction, both of which are expensive
and time-consuming processes. This will require future research to
focus on intervention strategies for improving both quality and
comprehensiveness of clinical data stored in EHR and identifying
the best process of data extraction.'®*

Cumulative evidence shows that EHR systems can improve the
quality of healthcare by increasing time efficiency and guideline
adherence and reducing medication errors and ADEs. Therefore,
strategies for EHR implementation should be recommended and
promoted.
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Further research on technical items and procedures that shape the
EHR software is needed to identify the features that have value for
both clinical results and quality monitoring.

Conflicts of interest: None declared.

Key points

e Health information technology systems are healthcare
interventions.

e EHR systems can improve the quality of healthcare.

e Strategies for EHR implementation should be recommended
and promoted.
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