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ABSTRACT

Background The electronic medical record (EMR)/
electronic health record (EHR) is becoming an integral
component of many primary-care outpatient practices.
Before implementing an EMR/EHR system, primary-care
practices should have an understanding of the potential
benefits and limitations.

Objective The objective of this study was to
systematically review the recent literature around the
impact of the EMR/EHR within primary-care outpatient
practices.

Materials and methods Searches of Medline,
EMBASE, CINAHL, ABI Inform, and Cochrane Library
were conducted to identify articles published between
January 1998 and January 2010. The gray literature and
reference lists of included articles were also searched.
30 studies met inclusion criteria.

Results and discussion The EMR/EHR appears to have
structural and process benefits, but the impact on clinical
outcomes is less clear. Using Donabedian’s framework,
five articles focused on the impact on healthcare
structure, 21 explored healthcare process issues, and
four focused on health-related outcomes.

INTRODUCTION AND BACKGROUND

The electronic medical record (EMR)/electronic
health record (EHR) is becoming an integral
component of many primary-care outpatient prac-
tices. Several countries have implemented success-
ful programs to promote the use of the EMR/EHR
within primary care, and the financial commitment
by governments to support health information
technology continues to grow.'* The perception is
that the EMR/EHR will reduce healthcare costs and
improve the quality of healthcare provided.! ° 6
However, studies exploring the impact on care,
which included both specialty and primary care,
have found that the EMR/EHR has had mixed
success at decreasing costs and improving the
quality of ambulatory care services.” '* Reviews
that have explored the value of different compo-
nents of the EMR/EHR have also found only
marginal benefits. There is modest evidence that
computerized physician order entry (CPOE)
decreases prescribing errors.!’ However, it appears
that it is mostly minor errors that are decreased,
and CPOE may actually increase duplicate orders
and result in failures to discontinue medications. A
review of electronic reminder systems found only
a small improvement in adherence to processes of
care, with a trend toward larger improvements

when clinicians were required to enter a response.'?

A review of electronic strategies to improve dosage
selection when prescribing found some improved
clinical outcomes, such as a decrease in rates of
toxic drug levels and a decrease in hospital length of
stay.'?

Before implementing an EMR/EHR system,
primary-care practices should have an under-
standing of the potential benefits and limitations
such systems may have on their practice. To help
address this, we sought to systematically review
the recent literature around the impact of the
EMR/EHR within primary-care outpatient prac-
tices. We chose to focus on studies examining the
effectiveness or benefits of the EMR/EHR broadly,
and considering the impact on healthcare structure,
process, and outcomes.

SELECTION AND INCLUSION CRITERIA

Literature search strategy

Searches of Medline, EMBASE, CINAHL, ABI
Inform, and Cochrane Library were completed to
identify = English-language articles  published
between January 1998 and January 2010 inclusive,
which involved primary-care outpatient practices
and EHRs or EMRs. Given how rapidly technology
evolves, we choose to only review articles published
within the past 10 years, as they were felt to be
most relevant. The search strategies included terms
such as: electronic or computer or internet, CPOE
or EHR or EPR, ambulatory care or outpatient or
primary-care or family doctor, and decision-support
system. A detailed description of the search strat-
egies used is available from the authors. A search of
the gray literature was conducted with the assis-
tance of a research librarian with expertise in
systematic reviews. This involved reviewing the
websites of 62 related organizations, identified from
global government and institute websites and
databases, for articles published and posted
between January 2009 and April/May 2009. Addi-
tional articles were identified from searching the
reference lists of retrieved articles.

Study selection

We excluded articles that were published before
1998, were not published in English, did not focus
primarily on family doctors or primary-care outpa-
tient practices, did not focus on evaluating the
effectiveness or benefits of the EMR/EHR, or focused
on only one component of the EMR/EHR. Previous
systematic reviews have already focused on various

J Am Med Inform Assoc 2011;18:732—737. doi:10.1136/amiajnl-2010-000019


http://jamia.bmj.com/
http://group.bmj.com/

Downloaded from jamia.bmj.com on March 7, 2012 - Published by group.bmj.com

components of the EMR/EHR (eg, CPOE; reminders).!! 12 Addi-
tionally, when implementing an EMR/EHR system, clinicians are
initially interested in the overall impact of the system. The role for
specific items, such as electronic clinical decision-support strate-
gies, is often a secondary consideration.

We chose to accept the definition of EMR/EHR supplied by
the authors. Given the non-uniformity in the use of termi-
nology, the terms EMR and EHR were used synonymously in
this review. The definition of primary care used considered
differences in the healthcare structure between countries;
specifically studies originating from the USA that included
general internists practicing within the community were
included. We did not restrict by study design, but quantitative
(primary data or appropriate summary statistics) and/or quali-
tative results had to be available.

Two authors independently reviewed the abstracts to select
relevant publications that met the inclusion criteria. Disagree-
ments were resolved by a third reviewer or by retrieving the full
text article for review (371/4773 abstracts=8%). Two authors
then independently reviewed all full text articles to confirm that
inclusion criteria were met. A third reviewer resolved disagree-
ments (52/383 articles=14%)).

Data extraction and analysis

Two authors independently extracted data from the included
studies using a standardized form that was piloted by the
authors on an initial sample of articles. Information was
extracted pertaining to study design, study population and size,
clinical setting, outcomes, and results. A meta-analysis was not
conducted due to the clinical heterogeneity between included
articles. Instead, a summary of the data is presented.

FINDINGS

Study characteristics

The primary search identified 4773 citations, of which 293 were
retrieved for full text review. A further 71 articles were found
from searching the gray literature and 19 from searching the
reference lists of retrieved articles. Thirty studies met inclusion
criteria for data extraction and synthesis (figure 1).

We categorized the articles according to Donabedian’s frame-
work, considering how the EMR/EHR impacted healthcare
structure, process, and outcomes. Among the included studies,
five articles focused on the impact on structure,'**® 21 explored
process issues,'” " and four focused on outcomes**™* (table 1
as an online data supplement at http://www.jamia.org/).

Impact of the EMR/EHR on healthcare-system structure

Four studies compared the EMR/EHR to paper records; three
were case—control studies,"* "% and one was a cross-sectional
survey.'® These studies involved primary-care practices in the
UK and the USA. The fifth study was a chart review from
Finland that focused solely on the EMR/EHR.'

A case—control study involving 53 primary-care practitioners
(25 with an EMR/EHR and 28 with paper records) in the UK
revealed that legibility of the EMR/EHR was not an issue, while
36% of the paper records were at least partially illegible
(p<0.0001).*> Although the EMR/EHR contained more words
(p<0.0001), there were no differences in terms of the proportion
of charts with an entry (p=0.25) or with a documented
encounter reason (p=0.56). A similar case—control study
involving 18 practices (1396 patients) in the UK also found no
significant difference in the number of visits recorded between
EMR/EHR and paper-based practices.'*
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A case—control study conducted among six physicians (238
encounters) in the USA found that the three physicians using an
EMR/EHR checked and clarified information (p<0.01), encour-
aged patient questions (p<0.005), and ensured completeness of
the encounter (p<0.005) more often than the three using a paper
record.'® There was no significant difference in the mean visit
time or number of laboratory tests ordered between the two
groups of physicians, but the physicians using an EMR/EHR
spent more time with new patients (mean of 35.2 min vs
25.6 min; p<0.05). In both groups, there were often long periods
of silence while physicians entered data or checked the chart for
information.

A survey of primary-care practices in the mid-Western USA
(response rate=42% (628/1482)) found that 143 (23.6%) used an
EMR/EHR.*® After adjusting for belonging to a larger organi-
zation, EMR/EHR users had greater odds of believing their
medical records were up to date (OR=2.12; 95% CI 1.29 to 3.45),
modifiable to meet individual needs (OR=1.60; 95% CI 1.03 to
2.49), and accessible (OR=2.49; 95% CI 1.58 to 3.92). EMR/EHR
users were also more satisfied with their medical record system
(OR=2.36; 95% CI 1.58 to 3.54).

A retrospective chart review involving 50 primary-care
physicians (175 patient records) in Finland found that the
quality of the EMR/EHR record was rated ‘good’ in only 20% of
patient records.'” However, the quality of the record was not
associated with the quality of the encounter. Instead, the quality
of the record was dependent on the electronic system used.

Impact of the EMR/EHR on healthcare processes

The impact of the EMR/EHR on clinical processes was assessed
in 17 articles (14 different data sets)'®~2% 275 (online table 1).
These studies involved surveys, focus groups, chart and database
reviews, and/or interviews.

Survey data gathered in early 1997 prior to implementation of
an EMR/EHR at seven ambulatory clinics in the Eastern USA
revealed that overall expectations were positive, with most
perceiving that the EMR/EHR would be helpful?” Although
anxiety about computers was low overall, there was a positive
relationship between prior computer experience and expected
utility. Respondents expressed fears about system downtime
and about it depersonalizing the patient encounter. Among the
six clinics (22 physicians) involved in postimplementation
surveys completed by the end of June 1998 (with matched pre-
and postsurvey results from 12 physicians at three sites),
following initial EMR/EHR implementation a significant decline
was noticed in ratings of time saving (longer to get into the
electronic record; support staff tasks transferred to physicians),
perceived productivity (less lost charts and easier access but
increased time charting), and perceived quality of care (legibility
improved but chart accuracy questioned).?

When surveyed serially over the first year of EMR/EHR
implementation, 86 primary-care clinicians in the Eastern USA
(response rate=82—95%) changed many of their perceptions of
the EMR over time.*® Specifically, increasing numbers perceived
improvements in quality of care (63—86%; p<0.001), reductions
in medication-related errors (72—81%; p=0.03), improvement in
communication among clinicians (72—93%; p<0.001), and
improved follow-up of test results (62—87%; p<0.001). Simi-
larly, a decreasing number reported a perceived negative impact
on the quality (49—33%; p=0.001) and duration of patient
encounters (68—51%; p=0.001). Although the EMR/EHR was
initially perceived to increase time spent on documentation, this
perception decreased over time (78—68%; p=0.006). A retro-
spective analysis of data from a large health maintenance
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Figure 1  Literature search results.

4773 abstracts reviewed from
primary literature search

—_— I 4480 abstracts excluded

293 full text articles reviewed |

90 additional full text articles
reviewed:

19 from reference list review

71 from grey literature

383 full text articles reviewed

353 full text articles excluded:
56 Did not focus on primary care
128 Not an effectiveness/benefit study
55 Did not look at EMR broadly
40 No data
1 Extracting data for other purposes
2 Unable to obtain full text article
71 Grey literature not meeting initial inclusion criteria

30 articles included
(27 different data sets)

organization in the USA identified that implementation of an
EMR (which included secured email messages and was coupled
with scheduled telephone visits) decreased actual annual
primary-care office visits from 2.2 per patient to 1.7 per patient
over 3 years.?

Provider satisfaction with the EMR/EHR was similarly
explored among primary-care physicians in Norway.*' = This
study involved focus groups (24 physicians in three focus
groups), observations (11 physicians in 80 observed encounters),
and a validated mailed questionnaire conducted in 2003
(response rate=73% (247/338)). Primary-care physicians in
Norway felt that, although overall the EMR/EHR saved time
compared to paper, many administrative tasks were now carried
out by the physicians.*> The EMR/EHR was easy to access but
hard to search and efficiently review. The presentation of
information within the EMR/EHR was identified as a major
issue, including the need to organize notes and results by
condition and chronologically, the need for reminders or check-
lists during the follow-up of chronic conditions, and the need to
improve electronic communication between providers.?® Despite
this, and that 15% (34/225) reported daily or weekly software or
hardware issues, they strongly agreed that the system was
worth the time and effort required to use it.*!

Similarly, a survey mailed in 2001 to 205 primary-care physi-
cians in Australia (response rate=19% (39/205)) revealed that
most believed computers were essential to healthcare (71%), had
the potential to improve the quality of care (71%), and improved
the way they worked (77%). The vast majority surveyed had no
university training in computers (95%), and a large number had
not received computer training/advice (41%). There were prob-
lems with system crashes (97%) and viruses (28%).

Interviews among 13 small primary-care practices in England
and Scotland identified that the three most valuable features of
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an EMR/EHR were e-prescribing, its impact on overall efficiency,
and its ability to improve quality.®* Interviews and observations
in five primary-care practices (14 physicians) in the Southern
USA identified the advantages of an EMR to be the ability of
multiple users to access records, record legibility and complete-
ness, improved organization, decreased time for documentation,
improved communication within the practice, and improved
quality of care.®® The limitations identified included downtime,
the inability of the system to capture all data, and the time
necessary to develop customized templates.

A US national mail survey of primary-care residents (24
family residency programs; 563 residents; 46% response rate)
conducted in 1999 identified many of the same benefits and
concerns with the EMR/EHR ® Specifically, residents perceived
the EMR/EHR to improve the legibility and access to records.
Concerns with the EMR/EHR included issues around privacy
and confidentiality, the time needed to enter data, hardware
problems, downtime, training, and decreased patient—physician
interaction.

Within the US Indian Health Services, 223 clinicians were
surveyed via email or telephone about their perceptions of
a recently implemented EMR/EHR (response rate=56% (125/
223)).” The EMR/EHR had been implemented within these
health centers between June 2003 and December 2005. The
majority used the EMR with every encounter (78%), and 35%
agreed it improved the quality of care. Identified barriers to
implementation were technical difficulties and lost clinical
productivity. However, 66% reported geography was a signifi-
cant barrier to providing high-quality care to this population,
and 87% felt the EMR/EHR could improve the quality of care in
rural and underserved areas.

Staff interviews before and after partial implementation of an
EMR/EHR at one rural primary-care practice (six physicians) in
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the Eastern USA revealed that staff perceptions of care errors
based on hazard scores decreased in some areas and increased in
others.?! Specifically, staff perceived decreased hazard in nurse—
physician and physician—chart interactions, but increased
hazard in domains of physician—patient interactions and
nurse—chart interactions.

Quality-of-care measures based on comparison to nationwide
performance percentiles for cervical cancer screening, retinal
exams among diabetics, and smoking cessation counseling
increased only marginally following EMR/EHR implementation
in a retrospective record review that included 48 outpatient
practices (477 primary-care practitioners) in Colorado and the
Northwest USA.?’ There was a significant decrease in service use
(p<0.0001) with no increase in emergency-department visits or
change in the ratio of primary-care providers to patients.
Another retrospective chart review in one practice (six physi-
cians; 3740 patients) in the USA found that after implementa-
tion of an EMR/HER, the completion rates for preventive care
measures increased among adults (28—64% pre; 47—80% post),
and immunization rates of children also increased (30—39% pre;
47—-56% post).*?

A study combining survey data from 2007 with performance
data on 13 measures of primary-care quality among 305 prac-
tices in the Eastern USA (response rate=74%) demonstrated
a positive association between frequent EMR/EHR use and
improved cancer (breast and colon; not cervical) and sexually
transmitted disease (Chlamydia) screening and improved dia-
betes care (eye examinations and nephropathy monitoring; not
cholesterol or hemoglobin A1C testing).”® There was no asso-
ciation with EMR/EHR use and depression care (acute-phase
contacts, treatment) or heathcare overuse (imaging for low-back
pain, avoidance of antibiotics for acute bronchitis). Similarly,
a cross-sectional survey from 2001 to 2004 involving 506
physicians in the Eastern USA found no difference in perfor-
mance between 164 EMR/EHR users and 342 non-users in six
clinical categories of quality (asthma care, mental health, cancer
screening, diabetes care, well-child visit, and women’s health).??
There was also no relationship between duration of EMR/EHR
use and physician performance.

Four studies explored the impact of the EMR/EHR on
patients’ experiences with care processes.’*™> Three studies
involved patient surveys® %’ and one was a cross-sectional
observational study.** Three studies were conducted in the
USA,?*~25 while the fourth was performed in Australia.?”

The EMR/EHR impact on patient-centered care was explored
in a cross-sectional observational study comparing high usage of
the EMR/EHR (>10% of encounter time) versus low usage.”*
The study observed 50 encounters with six physicians in the
Southern USA. Although there was no difference between the
two groups in the number of physician-initiated questions, high
usage of the EMR/EHR was associated with a significant
increase in the number of questions initiated by patients
(p<0.05). High EMR/EHR usage was also associated with
significantly more relevant physician responses to patient
questions (p<0.05), and encounters were more patient-centered
(p=0.07). However, while using the EMR/EHR, physicians
would miss non-verbal patient communications.

Three studies surveyed patients regarding their opinion of the
impact computers had on patient—physician relationships.>>~%’
Two studies were conducted in 2003,%° 26 while the third
occurred in 2000.%” In none of these surveys did there seem to be
a perceived negative impact on the patient—physician relation-
ship. However, there was no consensus between studies in terms
of the EMR/EHR having a positive impact on care.

J Am Med Inform Assoc 2011;18:732—737. doi:10.1136/amiajnl-2010-000019

Impact of the EMR/EHR on healthcare-related outcomes

Only one study included clinical outcomes.*! Tt was a cross-
sectional analysis of 11 889 visits across the USA that examined
the impact of the EMR/EHR on clinical outcomes (blood pres-
sure control) and processes (receipt of appropriate pharmaco-
logical therapies for chronic conditions).”" Of 4433 visits, there
was no association between blood-pressure control and EMR/
EHR components. However, in patients over 65, there was
a 54% increased odds of blood pressure control associated with
the presence of an electronic reminder system (OR 1.54; 95% CI
1.08 to 2.29). Among the four pharmacological therapies
assessed (ASA for ischemic heart disease or stroke; beta-blockers
for ischemic heart disease; ACE inhibitors/angiotension receptor
blockers for diabetics with hypertension; inhaled steroids for
asthmatics), the use of an EMR/EHR was not associated with
receipt of appropriate therapy, with the exception of an associ-
ation between reminder systems and use of ACE inhibitors/
angiotension receptor blockers for diabetics with hypertension
(OR 2.58; 95% CI 1.22 to 5.42) and an association between
electronic physician notes and inhaled steroid use in asthmatics
(OR 2.86; 95% CI 1.1.2 to 7.32).

Three articles, all from the USA, explored the financial costs
and benefits of the EMR/EHR.* %2 %3 One was a cost—benefit
analysis using a hypothetical practice,* while the other two
were case reports.”’ ** Compared to paper records, a primary-
care practitioner with a panel of 2500 patients (75% under
65 years old and of whom 17% under 65 belonged to capitated
plans) who implemented an EMR/EHR would see a hypothet-
ical net benefit of US$86 400 over a 5-year period (based on 2002
USA dollars).*® The data on costs and benefits in this analysis
came from primary data collected from the authors’ EMR, from
published studies and/or expert opinion using a modified Delphi
technique. In this model, drug expenditures would make up the
majority of the savings (33%). The remainder of savings
primarily resulted from decreased radiology utilization (17%),
decreased billing errors (15%), and improvement in charge
capture (15%). This model, which is not a cost-effectiveness
analysis, was most sensitive to changes in the proportion of
patients in capitated health plans.

In a case report of a primary-care practice network of 260
physicians in the USA implementing an EMR/EHR system, it
was estimated from pilot site data that the system would pay
for itself within 8 years of implementation.** It is not known if
this projection was realized. At the pilot sites, savings were seen
in the areas of chart preparation, billings, triage-nurse phone
time, and transcription costs. A second case report involving five
office practices (three primary-care offices) in the USA realized
cost savings in the areas of chart pulls, new chart creation, filing
time, support staff salary, transcription, patient cycle time,
completeness of codes billed, and days in accounts receivable.*
Overall, the initial costs of the EMR/EHR were recaptured
within 16 months.

DISCUSSION

The EMR/EHR appears to have both positive and negative
impacts on primary-care outpatient practices. There are clear
advantages over traditional paper-based records in terms of
legibility and accessibility. Fears of computers interfering with
the patient—physician relationship do not appear to have been
realized in our review of the literature. Although not specifically
identified as an issue in this review, previous studies have
highlighted concerns around the privacy and confidentiality of
the EMR/EHR'? #
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Our review of published studies of EMRs/EHRs as a whole
confirms results from previous reviews of published studies of
EMR/EHR components in that the EMR/EHR appears to have
mixed effects on both process and clinical outcomes.!’™*
Overall, based on evidence in the literature, the EMR/EHR
appears to contribute only marginally to improved health.

Many primary-care physicians appear to perceive a positive
impact on the quality of care. However, the impact an EMR/
EHR system has on measured quality indicators within primary
care appears to be mixed. This is similar to the impact seen
within other clinical care settings.® 1 ° 46

When first implementing an EMR/EHR, primary-care
providers should consider the potential decrease in productivity
resulting from the increased time initially spent on documen-
tation. However, this issue appears to lessen over time. Initial
adoption of an EMR/EHR system requires allocation of time for
learning and training.** Primary-care practices need to budget for
the upfront costs associated with implementation. However, the
identified USA-based cost data appear to suggest that cost
savings are realized over time. Further studies are needed to
determine if cost savings also exist in countries with national
healthcare systems. When choosing an EMR/HER, clinicians
should also consider issues around clinical decision support, such
as how the CPOE and reminder systems are designed.'' ™'

Within the identified articles, the study designs utilized were
relatively weak and observational in nature. There is a need for
a more rigorous evaluation of the EMR/EHR within primary-
care outpatient practices, particularly as it relates to the impact
of the EMR/EHR on outcomes, using pragmatic randomized
control trials. Additionally, the current body of literature comes
from developed nations. As access to technology expands, and
the associated costs decline, the potential role and impact of the
EMR/EHR within developing countries need to be explored.

Limitations

Our search was limited to English-language articles published
since 1998. This was done for practical reasons and also to
present a review of the most recent and relevant literature
within a rapidly evolving field. We chose not to explore the
specific impact of various components of the EMR/EHR, such as
clinical-decision-support resources, as these have been explored
by others. Instead, we focused on the value of the EMR/EHR in
its entirety. We accepted the EMR/EHR definitions adopted by
studies included in this review. These studies could have defined
EMR/EHR differently, and it is possible that these definitions
were similar to those used in studies excluded from this review.
However, the search strategy and criteria for inclusion were
broad, so the probability of excluding important studies is low.

CONCLUSIONS

The EMR/EHR appears to have both positive and negative
impacts on primary-care outpatient practices. The EMR/EHR
has structural and process benefits, but the impact on clinical
outcomes is less clear. When implementing an EMR/HER,
appropriate resources need to be allocated.
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