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| CPOE: Computer Physician Order Entry Systems

Definitions

CPOE is commonly used as an abbreviation for the term computer-based
physician order entry - even though it can involve health professionals
who aren't physicians. Alternative terms include computer-based
provider order entry and computerized prescription order entry
(prescribing was the main focus of early systems - more recent systems
offer a wider range of services).

CPOE systems are "clinical systems that utilize data from the pharmacy,
laboratory, radiology and patient monitoring systems to relay the
physician's or nurse practitioner's diagnostic and therapeutic plans and
alert the provider to any allergy or ontraindication that the patient may
have so that the order may be immediately revised at the point of entry
prior to being forwarded electronically for the targeted medical action."
[Computerized Physician Order Entry: Costs, Benefits and Challenges, A
Case Study Approach, First Consulting Group, 2003.]

"Computer-based Provider Order Entry - CPOE is the portion of a clinical
information system that enables a patient’s care provider to enter an
order for a medication, clinical laboratory or radiology test, or procedure
directly into the computer. The system then transmits the order to the
appropriate department, or individuals, so it can be carried out. The
most advanced implementations of such systems also provide real-time
clinical decision support such as dosage and alternative medication
suggestions, duplicate therapy warnings, and drug-drug and drug-allergy
interaction checking." [Osheroff et al, 2005].

Order Entry has four dimensions [...]:

1. entering information by the practitioner into a mobile healthcare
computing device,

2. functionality (- what is ordered - prescriptions, lab, radiology,
chemotherapy, others),

3. decision support directly linked with the function (for instance,
duplicate therapy checking, drug-drug interaction, drug-allergy
interaction, formulary interaction, alerts, etc.), and

4. the integration of this function into the IS system. [C. Peter
Waegemann. Status Report 2002: Electronic Health Records]

Introduction

The publication of the US Institute of Medicine (IoM) report 'To Err is
Human' in 1999 highlighted an unexpectedly high error rate in medical
care in the USA, and brought to the fore the issue of patient safety and
the need to eliminate medical error from hospitals. Since the appearance
of this report, patient safety has become a primary concern in many
national healthcare systems. Much effort has been put into devising ways
to improve systems in many countries: the introduction of information
technologies has been widely seen as part of the solution. Information
technologies viewed to have the greatest potential to help improve
safety standards in healthcare provision include electronic healthcare
records and (in the USA and Canada in particular, but also in Europe and
Australasia) CPOE systems supporting (minimally) automated medication
and lab. test ordering and prescribing.

CPOE "first appeared when the El Camino hospital in Mountain View,
California convinced the nearby NASA space center and Lockheed
Corporation to help the hospital develop and implement the world’s first
[system] ... in 1971". In spite of much recent impetus from the IoM and
other organisations concerned with patient safety such as the Leapfrog
Group, CPOE has yet to achieve anywhere near universal coverage in the
USA. But CPOE is widely seen as necessary to reducing medical error
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and must be the most widely implemented information technology
capable of providing decision support in healthcare.

According to a January 2003 report prepared by First Consulting Group
for the American Hospital Association and the Federation of American
Hospitals, an estimated 5% of American hospitals used CPOE in 2002.
Ash et al [Ash et al, 2004] estimated that 9.6% of U.S. hospitals had
CPOE "completely available", also in 2002. The Leapfrog Group (quoted
in Healthcare Benchmarks and Quality Improvement) has estimated that
"by the end of 2006, about 10% of all [US] hospitals will have completed
CPOE implementation".

Many studies of live CPOE systems have been carried out. Most - but not
all - suggest that CPOE has a very positive effect in reducing medical
error. CPOE has also been shown to to improve decision-making
capabilities, to have a positive effect on training and to reduce the length
of stays in hospital. A recent paper by Kaushal et al [Kaushal et al et al,
2006] has gone as far as quantifying the cost effectiveness of using a
CPOE system (in Brigham and Women's Hospital, Boston, over the period
1993-2002) resulting from the clinical benefits of the system.

CPOE functionality and benefits

Enables doctors to enter prescription, lab. test and other orders for patient care
straight into a hospital information system
Replaces hand-written orders (legibility, completeness, readily and quickly
accessible, improved communcations between phyician and pharmacist; no
delay or loss ...)
Supports ready access to patient data and patient assessment
Can help improve patient safety and prevent medical errors and adverse drug
events by checking the dosage etc. of medication given to patients by
physicians or other health professionals
Supports improved recording, data trails, quality assurance and error
awareness and reporting
Potential to improve efficiency and resource usage by integrating different
departments - laboratory, imaging, nursing and medication records
Cost-effectiveness benefits:
o Can reduce additional and often avoidable costs (clinical, litigation ...)
that can result from medication errors;
o Can show test and medication costs - potential to reduce prescription
costs;
o Can reduce the number of duplicate tests;

CPOE and decision support

http://www.openclinical .org/cpoe.html

"CPOE decision support includes: [automated] [medication checking,] drug
dose, allergy, and interaction checking; duplicate order notification;
recommendations for pre- or post-administration tests; access to clinical
reference information, [research] and guidelines; and substitute medication
and test recommendations." [The Commonwealth Fund (USA)]

A system can also monitor patient treatment, ensuring, for example, that the
right drug is administered to the right patient at the right time, and can issue
an alert or reminders and suggest a a different course of treatment if a
patient’s condition changes, if test results are abnormal etc.

Can provide health professionals with immediate electronic access to their
orders and comprehensive views of patient clinical data and lab results;

CPOE issues

An expensive undertaking - initial high capital investment required (Kuperman
and Gibson, 2003)

Risk of a system generating medication errors e.g. through incorrect
configuration or physician input

Systems can't be bought "off the shelf" leading to integration issues with legacy
systems - which may themselves need to be upgraded to support CPOE
implementation.

A system may require a great deal of on-site customisation prior to deployment
to integrate with workflow processes of an individual hospital

Change management issues

User resistance to introduction of computer-based technologies

May disrupt workflow for (and slow down) physicians, pharmacists and nurses,
particularly if actions to try to ensure ready adoption in practice have not been
carried out such as involvement of end users at development and
implementation phases, usability testing with end-users, training, support
Systems may need medical terminologies not in local use

Potential problems related to the structure of health services in individual
regions and countries: it may be more difficult to implement CPOE on a large
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scale where health services tend to be structured around local, independent
organisations (e.g. USA) rather than where services are centrally organised by
national governments and supported by the taxpayer (much of Europe).

* Interoperability issues on local, regional and/or national scales affecting

communcation

¢ May generate extra unnecessary information e.g. relatively unimportant alerts.
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references

" Several analyses have detected substantial
quality problems throughout the health care
system. Information technology has consistently
been identified as an important component of
any approach for improvement. Computerized
physician order entry (CPOE) is a promising
technology that allows physicians to enter orders
into a computer instead of handwriting them.
Because CPOE fundamentally changes the
ordering process, it can substantially decrease
the overuse, underuse, and misuse of health
care services. Studies have documented that
CPOE can decrease costs, shorten length of stay,
decrease medical errors, and improve
compliance with several types of guidelines. The
costs of CPOE are substantial both in terms of
technology and organizational process analysis
and redesign, system implementation, and user
training and support. Computerized physician
order entry is a relatively new technology, and
there is no consensus on the best approaches to
many of the challenges it presents. This
technology can yield many significant benefits
and is an important platform for future changes
to the health care system. Organizational
leaders must advocate for CPOE as a critical tool
in improving health care quality. "

" Direct computer-based physician order entry
has been the subject of debate for over 20
years. Many sites have implemented systems
successfully. Others have failed outright or
flirted with disaster, incurring substantial delays,
cost overruns, and threatened work actions. The
rationale for physician order entry includes
process improvement, support of cost-conscious
decision making, clinical decision support, and
optimization of physicians' time. Barriers to
physician order entry result from the changes
required in practice patterns, roles within the
care team, teaching patterns, and institutional
policies. Key ingredients for successful
implementation include: the system must be fast
and easy to use, the user interface must behave
consistently in all situations, the institution must
have broad and committed involvement and
direction by clinicians prior to implementation,
the top leadership of the organization must be
committed to the project, and a group of
problem solvers and users must meet regularly
to work out procedural issues. This article
reviews the peer-reviewed scientific literature to
present the current state of the art of computer-
based physician order entry. "

" CONTEXT: Since the Institute of Medicine
(IOM) reports on medical errors and quality,
national attention has focused on improving
patient safety through changes in "systems" of
care. These reports resulted in a new paradigm
that, rather than centering on individual errors,
focuses on the "systems" necessary to facilitate
and enhance quality and protect patients.
OBJECTIVES: To assess the status of hospital
patient safety systems since the release of the
IOM reports and to identify changes over time in
2 states that collaborated on a patient safety
project funded by the Agency for Healthcare
Research and Quality. DESIGN, SETTING, AND
PARTICIPANTS: Survey of all acute care
hospitals in Missouri and Utah at 2 points in
time, in 2002 and 2004, using a 91-item
comprehensive questionnaire (n = 126 for
survey 1 and n = 128 for survey 2). To assess
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changes over time, we also studied the cohort of
107 hospitals that responded to both surveys.
MAIN OUTCOME MEASURES: Responses to the
91-question survey as well as changes in
responses to the survey questions over an 18-
month period. Seven latent variables were
constructed to represent the most important
patient safety constructs studied: computerized
physician order entry systems, computerized
test results, and assessments of adverse events;
specific patient safety policies; use of data in
patient safety programs; drug storage,
administration, and safety procedures; manner
of handling adverse event/error reporting;
prevention policies; and root cause analysis. For
each hospital, the 7 latent variables were
summed to give an overall measure of the
patient safety status of the hospital. RESULTS:
Development and implementation of patient
safety systems is at best modest. Self-reported
regression in patient safety systems was also
found. While 74% of hospitals reported full
implementation of a written patient safety plan,
nearly 9% reported no plan. The area of surgery
appears to have the greatest level of patient
safety systems. Other areas, such as
medications, with a long history of efforts in
patient safety and error prevention, showed
improvements, but the percentage of hospitals
with various safety systems was already high at
baseline for many systems. Some findings are
surprising, given the overall trends; for example,
while a substantial percentage of hospitals have
medication safety systems, only 34.1%
[corrected] reported full implementation at
survey 2 of computerized physician order entry
systems for medications, despite the growth of
computer technology in general and in hospital
billing systems in particular. CONCLUSIONS: The
current status of hospital patient safety systems
is not close to meeting IOM recommendations.
Data are consistent with recent reports that
patient safety system progress is slow and is a
cause for great concern. Efforts for improvement
must be accelerated. "

A " resource designed to help healthcare
organizations use clinical decision support (CDS)
to measurably improve key healthcare outcomes
such as the quality, safety, and cost-
effectiveness of care delivery. "

" BACKGROUND: ElI Camino Hospital is a leader
in the use of health information technology to
promote patient safety, including bar coding,
computerized order entry, electronic medical
records, and wireless communications. OVERALL
APPROACH TO QUALITY AND SAFETY: Each
year, El Camino Hospital's board of directors
sets performance expectations for the chief
executive officer, which are tied to achievement
of local, regional, and national safety and quality
standards, including the six Institute of Medicine
quality dimensions. He then determines a set of
explicit quality goals and measurable actions,
which serve as guidelines for the overall
hospital. The goals and progress reports are
widely shared with employees, medical staff,
patients and families, and the public.
ADDRESSING THE SIX IOM QUALITY AIMS: For
safety, for example, the medication error
reduction team tracks and reviews medication
error rates. The hospital has virtually eliminated
transcription errors through its 100% use of
computerized physician order entry. Clinical
pathways and standard order sets have reduced
practice variation, providing a safer
environment. CHALLENGES: Many projects
focused on timeliness, such as emergency
department wait time, lab turnaround time, and
pneumonia time to initial antibiotic. Results have
been mixed, with projects most successful when
a link was established with patient outcomes,
such as in reducing time to percutaneous
transluminal coronary angioplasty for patients
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with acute myocardial infarction. "

CPOE adoption and use

" Computerized physician order entry (CPOE)
has been shown to reduce preventable, potential
adverse events. Despite this evidence, fewer
than 5 percent of U.S. hospitals have fully
implemented these systems. We assess
empirically alternative reasons for low CPOE
implementation using data from various sources.
We find that CPOE is related to hospital
ownership and teaching status; government and
teaching hospitals are much more likely than
other hospital types are to invest in CPOE.
Hospital profitability is not associated with CPOE
investment. Although greater diffusion of CPOE
is needed, it might have to await continuing
publicity efforts and substantial reimbursement
system changes. "

" OBJECTIVE: To determine the availability of
inpatient computerized physician order entry in
U.S. hospitals and the degree to which
physicians are using it. DESIGN: Combined mail
and telephone survey of 964 randomly selected
hospitals, contrasting 2002 data and results of a
survey conducted in 1997. MEASUREMENTS:
Availability: computerized order entry has been
installed and is available for use by physicians;
inducement: the degree to which use of
computers to enter orders is required of
physicians; participation: the proportion of
physicians at an institution who enter orders by
computer; and saturation: the proportion of total
orders at an institution entered by a physician
using a computer. RESULTS: The response rate
was 65%. Computerized order entry was not
available to physicians at 524 (83.7%) of 626
hospitals responding, whereas 60 (9.6%)
reported complete availability and 41 (6.5%)
reported partial availability. Of 91 hospitals
providing data about inducement/requirement to
use the system, it was optional at 31 (34.1%),
encouraged at 18 (19.8%), and required at 42
(46.2%). At 36 hospitals (45.6%), more than
90% of physicians on staff use the system,
whereas six (7.6%) reported 51-90%
participation and 37 (46.8%) reported
participation by fewer than half of physicians.
Saturation was bimodal, with 25 (35%) hospitals
reporting that more than 90% of all orders are
entered by physicians using a computer and 20
(28.2%) reporting that less than 10% of all
orders are entered this way. CONCLUSION:
Despite increasing consensus about the
desirability of computerized physician order
entry (CPOE) use, these data indicate that only
9.6% of U.S. hospitals presently have CPOE
completely available. In those hospitals that
have CPOE, its use is frequently required. In
approximately half of those hospitals, more than
90% of physicians use CPOE; in one-third of
them, more than 90% of orders are entered via
CPOE. "

" OBJECTIVE: To determine the availability of
computerized physician order entry (CPOE) and
electronic medical record (EMR) systems in
teaching and general hospitals in the Republic of
Korea. DESIGN: A combined mail and telephone
survey of 283 hospitals. MEASUREMENTS: The
surveys assessed the availability of CPOE and
EMRs in the hospitals, as well as inducement,
participation, and saturation regarding CPOE use
by physicians. RESULTS: A total of 122 (43.1%)
hospitals responded to the survey. The complete
form of CPOE was available in 98 (80.3%)
hospitals. The use of CPOE was mandatory in 92
(86.0%) of the 107 hospitals that responded to
the questions regarding the requirement of
CPOE use. In 85 (79.4%) of the hospitals in
which CPOE was in use, more than 90% of
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physicians used the system. In addition,
physicians entered more than 90% of their total
orders through CPOE in 87 (81.3%) hospitals. In
contrast, a complete EMR system was available
inonly 11 (9.0%) of the hospitals.
CONCLUSION: Of the teaching and general
hospitals in the Republic of Korea that
responded to the survey, the majority (80.3%)
have CPOE systems, and a complete EMR
system is available in only 9%. "

" BACKGROUND: Medications are important
therapeutic tools in health care, yet creating safe
medication processes is challenging for many
reasons. Computerized physician order entry
(CPOE), one important way that technology can
be used to improve the medication process, has
been in place at Brigham and Women's Hospital
(BWH; Boston) since 1993. CPOE AT BWH: The
CPOE application, designed and developed
internally by the BWH information systems
team, allows physicians and other clinicians to
enter all patient orders into the computer.
Physicians enter 85% of orders, with the
remainder entered electronically by other
clinicians. CPOE AND SAFE MEDICATION USE:
The CPOE application at BWH includes several
features designed to improve medication safety-
-structural features (for example, required fields,
use of pick lists), enhanced workflow features
(order sets, standard scales for insulin and
potassium), alerts and reminders (drug-drug
and drug-allergy interaction checking), and
adjunct features (the pharmacy system, access
to online reference information). RESULTS AT
BWH: Studies of the impact of CPOE on
physician decision making and patient safety at
BWH include assessment of CPOE's impact on
the serious medication error and the preventable
adverse drug event rate, the impact of computer
guidelines on the use of vancomycin, the impact
of guidelines on the use of heparin in patients at
bed rest, and the impact of dosing suggestions
on excessive dosing. CONCLUSION: CPOE and
several forms of clinical decision support
targeted at increasing patient safety have
substantially decreased the frequency of serious
medication errors and have had an even bigger
impact on the overall medication error rate. "

" The document ... covers eight different
components of preparation for CPOE: A. CPOE
Project Status B. Leadership C. Organizational
Structure and Process D. Organizational Culture
E. Care Standardization F. Clinician IT
Experience G. Information Technology
Management H. Information Technology
Infrastructure. Each component includes a
number of characteristics of the organization or
the information technology in place that lays the
foundation for eventual success with CPOE.
When they are not present, the challenges
ahead are greater; if a significant number are
not present, projects can be delayed, stalled, or
fail. Each of the readiness components is
described in this information guide, along with a
review of the importance to a successful CPOE
project. Typical projects are also listed that
hospitals can organize to address readiness
gaps. It is hoped that the information in the
feedback report, combined with the information
in this handbook, will help CPOE project
leadership in each hospital to increase readiness.

" Medication errors occur frequently and have
significant clinical and financial consequences.
Several types of information technologies can be
used to decrease rates of medication errors.
Computerized physician order entry with
decision support significantly reduces serious
inpatient medication error rates in adults. Other
available information technologies that may
prove effective for inpatients include
computerized medication administration records,
robots, automated pharmacy systems, bar
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coding, "smart" intravenous devices, and
computerized discharge prescriptions and
instructions. In outpatients, computerization of
prescribing and patient oriented approaches
such as personalized web pages and delivery of
web based information may be important. Public
and private mandates for information technology
interventions are growing, but further
development, application, evaluation, and
dissemination are required. "

" BACKGROUND: Adverse drug events (ADEs)
are the most common cause of injury to
hospitalized patients and are often preventable.
Medication errors resulting in preventable ADEs
most commonly occur at the prescribing stage.
OBJECTIVES: To describe the epidemiology of
medication prescribing errors averted by
pharmacists and to assess the likelihood that
these errors would be prevented by
implementing computerized prescriber order
entry (CPOE). METHODS: At a 700-bed
academic medical center in Chicago, Ill, clinical
staff pharmacists saved all orders that contained
a prescribing error for a week in early 2002.
Pharmacist investigators subsequently classified
drug class, error type, proximal cause, phase of
hospitalization, and potential for patient harm
and rated the likelihood that CPOE would have
prevented the prescribing error. RESULTS: A
total of 1111 prescribing errors were identified
(62.4 errors per 1000 medication orders), most
occurring on admission (64%). Of these, 30.8%
were rated clinically significant and were most
frequently related to anti-infective medication
orders, incorrect dose, and medication
knowledge deficiency. Of all verified prescribing
errors, 64.4% were rated as likely to be
prevented with CPOE (including 43% of the
potentially harmful errors), 13.2% unlikely to be
prevented with CPOE, and 22.4% possibly
prevented with CPOE depending on specific
CPOE system characteristics. CONCLUSIONS:
Prescribing errors are common in the hospital
setting. While CPOE systems could improve
practitioner prescribing, design and
implementation of a CPOE system should focus
on errors with the greatest potential for patient
harm. Pharmacist involvement, in addition to a
CPOE system with advanced clinical decision
support, is vital for achieving maximum
medication safety. "

" Concerns with health care quality and medical
errors are evident in media reports and research
studies. A number of studies have demonstrated
that computerized physician order entry (CPOE)
can reduce medication error rates. In response,
the California government and the Leapfrog
Group have called for hospitals to implement
CPOE for medications. However, few hospitals
now use CPOE. Barriers include the large
investment needed and the state of commercial
CPOE systems. We argue that government,
employers, and insurers should share the costs
of CPOE and should fund further research into its
benefits and means of implementation. "

" The search criteria included keywords: CPOE,
success, implementation, case studies and
medication errors. The search was limited to the
English language between the years 1998-2003.
The search engines and databases queried were:
Google, OVID, Lexis-Nexis, MEDLINE, and
Business Source Elite E-Journals. Thirty-five
articles were reviewed, and the best 20 were
selected for this annotated bibliography. These
20 articles were classified as research articles,
journal articles, or coming from trade journals.
The 20 articles were further critiqued and earned
either good (7), very good (1), or excellent (12)
ratings and placed into one of three sub-
categories: implementation considerations (7),
change management strategies (7), and
implementation case studies (6). ... "
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" Computerized physician order entry (CPOE) is
an application that is used to electronically write
physician orders either in the hospital or in the
outpatient setting. It is used in about 15% of
U.S. Hospitals and a smaller percentage of
ambulatory clinics. It is linked with clinical
decision support, which provides much of the
value of implementing it. A number of studies
have assessed the impact of CPOE with respect
to a variety of parameters, including costs of
care, medication safety, use of guidelines or
protocols, and other measures of the
effectiveness or quality of care. Most of these
studies have been undertaken at CPOE exemplar
sites with homegrown clinical information
systems. With the increasing implementation of
commercial CPOE systems in various settings of
care has come evidence that some
implementation approaches may not achieve
previously published results or may actually
cause new errors or even harm. This has lead to
new initiatives to evaluate CPOE systems, which
have been undertaken by both vendors and
other groups who evaluate vendors, focused on
CPOE vendor capabilities and effective
approaches to implementation that can achieve
benefits seen in published studies. In addition,
an electronic health record (EHR) vendor
certification process is ongoing under the
province of the Certification Commission for
Health Information Technology (CCHIT) (which
includes CPOE) that will affect the purchase and
use of these applications by hospitals and clinics
and their participation in public and private
health insurance programs. Large employers
have also joined this focus by developing flight
simulation tools to evaluate the capabilities of
these CPOE systems once implemented,
potentially linking the results of such programs
to reimbursement through pay for performance
programs. The increasing role of CPOE systems
in health care has invited much more scrutiny
about the effectiveness of these systems in
actual practice which has the potential to
improve their ultimate performance. "

" CONTEXT: Computerized physician order entry
(CPOE) with clinical decision support (CDS) has
been promoted as an effective strategy to
prevent the development of a drug injury
defined as an adverse drug event (ADE).
OBJECTIVE: To systematically review studies
evaluating the effects of CPOE with CDS on the
development of an ADE as an outcome measure.
DATA SOURCES: PUBMED versions of MEDLINE
(from inception through March 2007) were
searched to identify relevant studies. Reference
lists of included studies were also searched.
METHODS: We searched for original
investigations, randomized and nonrandomized
clinical trials, and observational studies that
evaluated the effect of CPOE with CDS on the
rates of ADEs. The studies identified were
assessed to determine the type of computer
system used, drug categories being evaluated,
types of ADEs measured, and clinical outcomes
assessed. RESULTS: Of the 543 citations
identified, 10 studies met our inclusion criteria.
These studies were grouped into categories
based on their setting: hospital or ambulatory;
no studies related to the long-term care setting
were identified. CPOE with CDS contributed to a
statistically significant (P < or = .05) decrease in
ADEs in 5 (50.0%) of the 10 studies. Four
studies (40.0%) reported a nonstatistically
significant reduction in ADE rates, and 1 study
(10.0%) demonstrated no change in ADE rates.
CONCLUSIONS: Few studies have measured the
effect of CPOE with CDS on the rates of ADEs,
and none were randomized controlled trials.
Further research is needed to evaluate the
efficacy of CPOE with CDS across the various
clinical settings. "
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" The 1999 Institute of Medicine report raised
public awareness of the frequency and cost of
adverse drug events in medicine. In response, in
November 2000 a coalition of healthcare
purchasers announced the formation of the
Leapfrog Group, an organization dedicated to
making "great leaps forward" in the safety and
quality of health care in America. Their first
target-computerized physician order entry
(CPOE)-was selected specifically for its potential
to reduce harm to patients from medications.
The Leapfrog inpatient CPOE standard included a
requirement that the organization operating
CPOE should demonstrate via a test that their
inpatient CPOE system can alert physicians to at
least 50% of common serious prescribing errors.
This paper outlines the development of this test
which evaluates the ability of implemented CPOE
systems to prevent the occurrence of medication
errors that have a high likelihood of leading to
adverse drug events. A framework was
developed to include 12 different categories of
CPOE based decision support that could prevent
prescribing errors leading to adverse drug
events. A scoring system was developed based
on the known frequency and severity of adverse
drug events. Simulated test patients and
accompanying simulated test medication orders
were developed to evaluate the ability of a CPOE
system to intercept prescribing errors in all 12
decision support categories. The test was
validated at a number of inpatient sites using
both commercially available and custom
developed CPOE systems. A web based
application was developed to allow hospitals to
self-administer the evaluation. "

" Background Iatrogenic injuries related to
medications are common, costly, and clinically
significant. Computerized physician order entry
(CPOE) and clinical decision support systems
(CDSSs) may reduce medication error rates.
Methods We identified trials that evaluated the
effects of CPOE and CDSSs on medication safety
by electronically searching MEDLINE and the
Cochrane Library and by manually searching the
bibliographies of retrieved articles. Studies were
included for systematic review if the design was
a randomized controlled trial, a nonrandomized
controlled trial, or an observational study with
controls and if the measured outcomes were
clinical (eg, adverse drug events) or surrogate
(eg, medication errors) markers. Two reviewers
extracted all the data. Discussion resolved any
disagreements. Results Five trials assessing
CPOE and 7 assessing isolated CDSSs met the
criteria. Of the CPOE studies, 2 demonstrated a
marked decrease in the serious medication error
rate, 1 an improvement in corollary orders, 1 an
improvement in 5 prescribing behaviors, and 1
an improvement in nephrotoxic drug dose and
frequency. Of the 7 studies evaluating isolated
CDSSs, 3 demonstrated statistically significant
improvements in antibiotic-associated
medication errors or adverse drug events and 1
an improvement in theophylline-associated
medication errors. The remaining 3 studies had
nonsignificant results. Conclusions Use of CPOE
and isolated CDSSs can substantially reduce
medication error rates, but most studies have
not been powered to detect differences in
adverse drug events and have evaluated a small
number of "homegrown" systems. Research is
needed to evaluate commercial systems, to
compare the various applications, to identify key
components of applications, and to identify
factors related to successful implementation of
these systems. "

" OBJECTIVE: Although computerized physician
order entry (CPOE) may decrease errors and
improve quality, hospital adoption has been
slow. The high costs and limited data on
financial benefits of CPOE systems are a major
barrier to adoption. The authors assessed the
costs and financial benefits of the CPOE system
at Brigham and Women's Hospital over ten
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years. DESIGN: Cost and benefit estimates of a
hospital CPOE system at Brigham and Women's
Hospital (BWH), a 720-adult bed, tertiary care,
academic hospital in Boston. MEASUREMENTS:
Institutional experts provided data about the
costs of the CPOE system. Benefits were
determined from published studies of the BWH
CPOE system, interviews with hospital experts,
and relevant internal documents. Net overall
savings to the institution and operating budget
savings were determined. All data are presented
as value figures represented in 2002 dollars.
RESULTS: Between 1993 and 2002, the BWH
spent $11.8 million to develop, implement, and
operate CPOE. Over ten years, the system saved
BWH $28.5 million for cumulative net savings of
$16.7 million and net operating budget savings
of $9.5 million given the institutional 80%
prospective reimbursement rate. The CPOE
system elements that resulted in the greatest
cumulative savings were renal dosing guidance,
nursing time utilization, specific drug guidance,
and adverse drug event prevention. The CPOE
system at BWH has resulted in substantial
savings, including operating budget savings, to
the institution over ten years. CONCLUSION:
Other hospitals may be able to save money and
improve patient safety by investing in CPOE
systems. "

" OBJECTIVE Computerized physician order entry
with clinical decision support has been shown to
improve medication safety in adult inpatients,
but few data are available regarding its
usefulness in the long-term care setting. The
objective of this study was to examine
opportunities for improving medication safety in
that clinical setting by determining the
proportion of medication orders that would
generate a warning message to the prescriber
via a computerized clinical decision support
system and assessing the extent to which these
alerts would affect prescribers' actions. DESIGN
The study was set within a randomized
controlled trial of computerized clinical decision
support conducted in the long-stay units of a
large, academically-affiliated long-term care
facility. In March 2002, a computer-based
clinical decision support system (CDSS) was
added to an existing computerized physician
order entry (CPOE) system. Over a subsequent
one-year study period, prescribers ordering
drugs for residents on three resident-care units
of the facility were presented with alerts; these
alerts were not displayed to prescribers in the
four control units. MEASUREMENTS We assessed
the frequency of drug orders associated with
various categories of alerts across all
participating units of the facility. To assess the
impact of actually receiving an alert on
prescriber behavior during drug ordering, we
calculated separately for the intervention and
control units the proportion of the alerts, within
each category, that were followed by an
appropriate action and estimated the relative
risk of an appropriate action in the intervention
units compared to the control units. RESULTS
During the 12 months of the study, there were
445 residents on the participating units of the
facility, contributing 3,726 resident-months of
observation time. During this period, 47,997
medication orders were entered through the
CPOE system - approximately 9 medication
orders per resident per month. 9,414 alerts were
triggered (2.5 alerts per resident-month). The
alert categories most often triggered were
related to risks of central nervous system side-
effects such as over-sedation (20% ). Alerts for
risk of drug-associated constipation (13%) or
renal insufficiency/electrolyte imbalance (12%)
were also common. Twelve percent of the alerts
were related to orders for warfarin. Overall,
prescribers who received alerts were only
slightly more likely to take an appropriate action
(relative risk 1.11, 95% confidence interval
1.00, 1.22). Alerts related to orders for warfarin
or central nervous system side effects were
most likely to engender an appropriate action,
such as ordering a recommended laboratory test
or canceling an ordered drug. CONCLUSION
Long-term care facilities must implement new
system-level approaches with the potential to
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improve medication safety for their residents.
The number of medication orders that triggered
a warning message in this study suggests that
CPOE with a clinical decision support system
may represent one such tool. However, the
relatively low rate of response to these alerts
suggests that further refinements to such
systems are required, and that their impact on
medication errors and adverse drug events must
be carefully assessed. "

" PURPOSE: The potential benefits and problems
associated with computerized prescriber-order-
entry (CPOE) systems were studied. METHODS:
A national voluntary medication error-reporting
database, Medmarx, was used to compare
facilities that had CPOE with those that did not
have CPOE. The characteristics of medication
errors reportedly caused by CPOE were
explored, and the text descriptions of these
errors were qualitatively analyzed. RESULTS:
Facilities with CPOE reported fewer inpatient
medication errors and more outpatient
medication errors than facilities without CPOE,
but the statistical significance of these
differences could not be determined. Facilities
with CPOE less frequently reported medication
errors that reached patients (p < 0.01) or
harmed patients (p < 0.01). More than 7000
CPOE-related medication errors were reported
over seven months in 2003, and about 0.1% of
them resulted in harm or adverse events. The
most common CPOE errors were dosing errors
(i.e., wrong dose, wrong dosage form, or extra
dose). Both quantitative and qualitative analyses
indicate that CPOE could lead to medication
errors not only because of faulty computer
interface, mis-communication with other
systems, and lack of adequate decision support
but also because of common human errors such
as knowledge deficit, distractions, inexperience,
and typing errors. CONCLUSION: A national,
voluntary medication error-reporting database
cannot be used to determine the effectiveness of
a CPOE system in reducing medication errors
because of the variability in the number of
reports from different institutions. However, it
may provide valuable information on the specific
types of errors related to CPOE systems. "

" BACKGROUND: Automated clinical decision
support has shown promise in reducing
medication errors; however, clinicians often do
not comply with alerts. Because renal
insufficiency is a common source of medication
errors, the authors studied a trial of alerts
designed to reduce inpatient administration of
medications contraindicated due to renal
insufficiency. METHODS: A minimum safe
creatinine clearance was established for each
inpatient formulary medication. Alerts
recommending cancellation appeared when a
medication order was initiated for a patient
whose estimated creatinine clearance was less
than the minimum safe creatinine clearance for
the medication. Administration of medications in
patients with creatinine clearances less than the
medication's minimum safe clearance were
studied for 14 months after, and four months
before, alert implementation. In addition, the
impact of patient age, gender, degree of renal
dysfunction, time of day, and duration of
housestaff training on the likelihood of
housestaff compliance with the alerts was
examined. RESULTS: The likelihood of a patient
receiving at least one dose of contraindicated
drug after the order was initiated decreased
from 89% to 47% (p < 0.0001) after alert
implementation. Analysis of the alerts seen by
housestaff showed that alert compliance was
higher in male patients (57% vs. 38%, p =
0.02), increased with the duration of housestaff
training (p = 0.04), and increased in patients
with worsening renal function (p = 0.007).
CONCLUSION: Alerts were effective in
decreasing the ordering and administration of
drugs contraindicated due to renal insufficiency.
Compliance with the alerts was higher in male
patients, increased with the duration of
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housestaff training, and increased in patients
with more severe renal dysfunction. "

" OBJECTIVES: To compare the outcome of the
implementation of computerized physician order
entry (CPOE) systems in two Dutch hospitals.
METHODS: Qualitative research methods,
including interviews in both hospitals,
observations of system in use, observations of
staff meetings and document analysis were used
to understand the implementation of CPOE. The
transcribed texts and implementation documents
were analyzed for relevant concepts. The
transcripts and field notes were analyzed using a
heuristic success and failure model with medical
work as the primary focus. RESULTS: Occasions
that determined the outcome of the
implementation were classified according to
factors that may influence the success or failure
of implementing systems. CONCLUSIONS: The
themes and patterns that emerged from the
data helped validate the concept of medical work
as the primary focus of our analysis model; in
addition the concept of a support base necessary
to accept changes in medical work that result
from introducing CPOE may help to understand
the different implementation outcomes. "

" ABSTRACT : INTRODUCTION : Medication
errors in the intensive care unit (ICU) are
frequent and lead to attributable patient
morbidity and mortality, increased length of ICU
stay and substantial extra costs. We investigated
if the introduction of a computerized ICU system
(Centricity Critical Care Clinisoft, GE Healthcare)
reduced the incidence and severity of medication
prescription errors (MPEs). METHODS : A
prospective trial was conducted in a paper-based
unit (PB-U) versus a computerized unit (C-U) in
a 22-bed ICU of a tertiary university hospital.
Every medication order and medication
prescription error was validated by a clinical
pharmacist. The registration of different classes
of MPE was done according to the National
Coordinating Council for Medication Error
Reporting and Prevention guidelines. An
independent panel evaluated the severity of
MPEs. We identified three groups: minor MPEs
(no potential to cause harm); intercepted MPEs
(potential to cause harm but intercepted on
time); and serious MPEs (non-intercepted
potential adverse drug events (ADE) or ADEs,
being MPEs with potential to cause, or actually
causing, patient harm). RESULTS : The C-U and
the PB-U each contained 80 patient-days, and a
total of 2,510 medication prescriptions were
evaluated. The clinical pharmacist identified 375
MPEs. The incidence of MPEs was significantly
lower in the C-U compared with the PB-U
(44/1286 (3.4%) versus 331/1224 (27.0%); P <
0.001). There were significantly less minor MPEs
in the C-U than in the PB-U (9 versus 225; P <
0.001). Intercepted MPEs were also lower in the
C-U (12 versus 46; P < 0.001), as well as the
non-intercepted potential ADEs (21 versus 48; P
< 0.001). There was also a reduction of ADEs (2
in the C-U versus 12 in the PB-U; P < 0.01). No
fatal errors occurred. The most frequent drug
classes involved were cardiovascular medication
and antibiotics in both groups. Patients with
renal failure experienced less dosing errors in
the C-U versus the PB-U (12 versus 35 serious
MPEs; P < 0.001). CONCLUSION : The ICU
computerization, including the medication order
entry, resulted in a significant decrease in the
occurrence and severity of medication errors in
the ICU. "

" Many who would like to improve patient safety
in health care have advocated for the
widespread adoption of computerized physician
order entry and electronic medical records.
However, unforeseen consequences of this new
technology may put patients at greater risk of
harm, not less. The authors present a clinical
scenario that demonstrates system
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vulnerabilities in the interface between humans
and such technology. Furthermore, the authors
suggest that managers could anticipate these
vulnerabilities by using techniques such as
cause-and-effect analysis or failure mode and
effect analysis, both before the installation of
electronic medical records and as ongoing
surveillance mechanisms. The case study
demonstrates that adoption of technology is not
a quick fix to the patient safety issue; proactive
and ongoing efforts to address the human
factors issues raised by the introduction of new
technology will be required to prevent patient
harm. "

" Computerized physician order entry (CPOE)

has had demonstrated benefits in error reduction
and guideline adherence, but its implementation

has often been complicated by disruptions in
established workflow processes. We conducted

an observational study of the healthcare team in

an intensive care unit after the implementation
of mandatory CPOE. We found that policies
designed to increase flexibility and safety led to

an increased coordination load on the healthcare
team, and created opportunities for new sources

of error. We attribute this in part to implicit
assumptions in the CPOE system design that
execution of physician orders is a linear work
process. Observational workflow studies are an
important tool to understand how to redesign
CPOE systems so as to avoid harm and achieve
the full potential of benefit for improved patient
safety. "

References: issues

" Alerts and prompts represent promising types
of decision support in electronic prescribing to
tackle inadequacies in prescribing. A systematic

review was conducted to evaluate the efficacy of
computerized drug alerts and prompts searching

EMBASE, CINHAL, MEDLINE, and PsychINFO up
to May 2007. Studies assessing the impact of
electronic alerts and prompts on clinicians'
prescribing behavior were selected and

categorized by decision support type. Most alerts

and prompts (23 out of 27) demonstrated

benefit in improving prescribing behavior and/or

reducing error rates. The impact appeared to
vary based on the type of decision support.

Some of these alerts (n = 5) reported a positive

impact on clinical and health service
management outcomes. For many categories of

reminders, the number of studies was very small
and few data were available from the outpatient

setting. None of the studies evaluated features
that might make alerts and prompts more

effective. Details of an updated search run in Jan

2009 are included in the supplement section of
this review. "

" Incorporation of clinical decision support (CDS)

capabilities is required to realize the greatest

benefits from computerized provider order entry
(CPOE) systems. Discussions at a conference on

CDS in CPOE held in San Francisco, California,
June 21-22, 2005 produced several papers in
this issue of JAMIA. The first paper reviews CDS

for electronic prescribing within CPOE systems;1

the second describes current controversies
regarding creation, maintenance, and uses of
CPOE order sets for CDS;2 and the third
presents issues related to certification as a
potential means of validating CPOE systems for
widespread use.3 This manuscript summarizes
all of the discussions at the meeting and

provides a pragmatically oriented view of how to

implement CPOE with CDS. "
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" While medications can improve patients'
health, the process of prescribing them is
complex and error prone, and medication errors
cause many preventable injuries. Computer
provider order entry (CPOE) with clinical decision
support (CDS), can improve patient safety and
lower medication-related costs. To realize the
medication-related benefits of CDS within CPOE,
one must overcome significant challenges.
Healthcare organizations implementing CPOE
must understand what classes of CDS their
CPOE systems can support, assure that clinical
knowledge underlying their CDS systems is
reasonable, and appropriately represent
electronic patient data. These issues often
influence to what extent an institution will
succeed with its CPOE implementation and
achieve its desired goals. Medication-related
decision support is probably best introduced into
healthcare organizations in two stages, basic
and advanced. Basic decision support includes
drug-allergy checking, basic dosing guidance,
formulary decision support, duplicate therapy
checking, and drug-drug interaction checking.
Advanced decision support includes dosing
support for renal insufficiency and geriatric
patients, guidance for medication-related
laboratory testing, drug-pregnancy checking,
and drug-disease contraindication checking. In
this paper, the authors outline some of the
challenges associated with both basic and
advanced decision support and discuss how
those challenges might be addressed. The
authors conclude with summary
recommendations for delivering effective
medication-related clinical decision support
addressed to healthcare organizations,
application and knowledge base vendors, policy
makers, and researchers. "

" Although many studies have discussed the
benefits of computerized provider order entry
(CPOE), the actual number of hospitals using
this technology remains low because of the
many challenges that accompany the
implementation of CPOE in healthcare facilities.
It is common for user resistance to challenge
implementation efforts. As more hospitals
undertake CPOE implementations, a solid
understanding of how to foster acceptance of
CPOE is necessary to reap the benefits of
medical error reduction, improved quality of
care, and decreased healthcare costs. The
principles and practices of human factors can be
used to bolster physician satisfaction and
increase usability, thereby increasing the
chances of success for CPOE implementation.
This article reviews the recent literature
regarding CPOE and human factors, discussing
how the human factors principles of task
analysis, interface design, and computer
supported cooperative work can be utilized to
promote user acceptance and enhance CPOE
implementation efforts. "

" Community hospitals served by predominately
private-practice physicians face difficult
challenges in implementing computerized
provider order entry (CPOE), but there are
techniques and incentives that can be employed
to change physician behavior Various techniques
were used to increase CPOE utilization at Lehigh
Valley Hospital, a three-campus, 750-bed
tertiary community hospital in eastern
Pennsylvania. Those techniques included
presenting studies supporting CPOE as a way to
improve patient care, recognizing support with
small trinkets, providing individual access to
computers, adding clinical decision support, and
bringing peer pressure to bear Ultimately,
financial compensation for the educational time
required to learn to use and become proficient
with the system was employed and had the
greatest impact on behavior Measuring
utilization of the CPOE system with data
extracted from the hospital's clinical information
system, CPOE utilization by physicians increased
to 57 percent from 35 percent after a financial
compensation program was initiated. Utilization
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declined to 42 percent several months after
completing the first phase of the program and
increased to 54 percent after a second phase
was initiated. "

" CONTEXT: Hospital computerized physician
order entry (CPOE) systems are widely regarded
as the technical solution to medication ordering
errors, the largest identified source of
preventable hospital medical error. Published
studies report that CPOE reduces medication
errors up to 81%. Few researchers, however,
have focused on the existence or types of
medication errors facilitated by CPOE.
OBJECTIVE: To identify and quantify the role of
CPOE in facilitating prescription error risks.
DESIGN, SETTING, AND PARTICIPANTS: We
performed a qualitative and quantitative study of
house staff interaction with a CPOE system at a
tertiary-care teaching hospital (2002-2004). We
surveyed house staff (N = 261; 88% of CPOE
users); conducted 5 focus groups and 32
intensive one-on-one interviews with house
staff, information technology leaders, pharmacy
leaders, attending physicians, and nurses;
shadowed house staff and nurses; and observed
them using CPOE. Participants included house
staff, nurses, and hospital leaders. MAIN
OUTCOME MEASURE: Examples of medication
errors caused or exacerbated by the CPOE
system. RESULTS: We found that a widely used
CPOE system facilitated 22 types of medication
error risks. Examples include fragmented CPOE
displays that prevent a coherent view of
patients' medications, pharmacy inventory
displays mistaken for dosage guidelines, ignored
antibiotic renewal notices placed on paper charts
rather than in the CPOE system, separation of
functions that facilitate double dosing and
incompatible orders, and inflexible ordering
formats generating wrong orders. Three quarters
of the house staff reported observing each of
these error risks, indicating that they occur
weekly or more often. Use of multiple qualitative
and survey methods identified and quantified
error risks not previously considered, offering
many opportunities for error reduction.
CONCLUSIONS: In this study, we found that a
leading CPOE system often facilitated medication
error risks, with many reported to occur
frequently. As CPOE systems are implemented,
clinicians and hospitals must attend to errors
that these systems cause in addition to errors
that they prevent. "

Note: the Eclipsys system studied was not
considered state-of-the-art and was replaced by
a more up-to-date system in the hospital.

" This case study of a serious medication error
demonstrates the necessity of a comprehensive
methodology for the analysis of failures in
interaction between humans and information
systems. The authors used a novel approach to
analyze a dosing error related to computer-
based ordering of potassium chloride (KCl). The
method included a chronological reconstruction
of events and their interdependencies from
provider order entry usage logs, semistructured
interviews with involved clinicians, and interface
usability inspection of the ordering system.
Information collected from all sources was
compared and evaluated to understand how the
error evolved and propagated through the
system. In this case, the error was the product
of faults in interaction among human and system
agents that methods limited in scope to their
distinct analytical domains would not identify.
The authors characterized errors in several
converging aspects of the drug ordering process:
confusing on-screen laboratory results review,
system usability difficulties, user training
problems, and suboptimal clinical system
safeguards that all contributed to a serious
dosing error. The results of the authors' analysis
were used to formulate specific
recommendations for interface layout and
functionality modifications, suggest new user
alerts, propose changes to user training, and
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address error-prone steps of the KCl ordering
process to reduce the risk of future medication
dosing errors "

" OBJECTIVE: In response to the landmark 1999
report by the Institute of Medicine and safety
initiatives promoted by the Leapfrog Group, our
institution implemented a commercially sold
computerized physician order entry (CPOE)
system in an effort to reduce medical errors and
mortality. We sought to test the hypothesis that
CPOE implementation results in reduced
mortality among children who are transported
for specialized care. METHODS: Demographic,
clinical, and mortality data were collected of all
children who were admitted via interfacility
transport to our regional, academic, tertiary-
care level children's hospital during an 18-month
period. A commercially sold CPOE program that
operated within the framework of a general,
medical-surgical clinical application platform was
rapidly implemented hospital-wide over 6 days
during this period. Retrospective analyses of
pre-CPOE and post-CPOE implementation time
periods (13 months before and 5 months after
CPOE implementation) were subsequently
performed. RESULTS: Among 1942 children who
were referred and admitted for specialized care
during the study period, 75 died, accounting for
an overall mortality rate of 3.86%. Univariate
analysis revealed that mortality rate significantly
increased from 2.80% (39 of 1394) before CPOE
implementation to 6.57% (36 of 548) after CPOE
implementation. Multivariate analysis revealed
that CPOE remained independently associated
with increased odds of mortality (odds ratio:
3.28; 95% confidence interval: 1.94-5.55) after
adjustment for other mortality covariables.
CONCLUSIONS: We have observed an
unexpected increase in mortality coincident with
CPOE implementation. Although CPOE
technology holds great promise as a tool to
reduce human error during health care delivery,
our unanticipated finding suggests that when
implementing CPOE systems, institutions should
continue to evaluate mortality effects, in
addition to medication error rates, for children
who are dependent on time-sensitive therapies.

" Using CPOE systems can take significantly
more time, leading to costly delays in patient
care. The system works best with patients who
don't require many meds to save their lives.
Once a hospital has made a financial
commitment, it's difficult to get administration to
drop a system. "

" The medication error dilemma has come to the
forefront of most hospitals' improvement
agendas. The most often cited solution to the
problem has been computerized provider order
entry (CPOE) systems. These systems have
significant potential to improve errors associated
with illegibility as well as inappropriate drug use
and dosing. On the other hand, CPOE system
implementation is fraught with barriers that
impede acceptance and use of these systems.
Knowing what strategies have proven successful
and what upfront analysis is required can help
increase the chances of success and ultimately
improve the quality of patient care. "
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" Computerized physician order entry (CPOE)
systems represent an important tool for
providing clinical decision support. In
undertaking this systematic review, our
objective was to identify the features of CPOE-
based clinical decision support systems (CDSSs)
most effective at modifying clinician behavior.
For this review, two independent reviewers
systematically identified randomized controlled
trials that evaluated the effectiveness of CPOE-
based CDSSs in changing clinician behavior.
Furthermore, each included study was assessed
for the presence of 14 CDSS features. We
screened 10,023 citations and included 11
studies. Of the 10 studies comparing a CPOE-
based CDSS intervention against a non-CDSS
control group, 7 reported a significant desired
change in professional practice. Moreover, meta-
regression analysis revealed that automatic
provision of the decision support was strongly
associated with improved professional practice
(adjusted odds ratio, 23.72; 95% confidence
interval, 1.75-infiniti). Thus, we conclude that
automatic provision of decision support is a
critical feature of successful CPOE-based CDSS
interventions. "

links

* Leapfrog Group - "an initiative driven by
organizations that buy health care who are
working to initiate breakthrough
improvements in the safety, quality and
affordability of healthcare for Americans."

* Leapfrog Group CPOE factsheet
* HIMSS - Healthcare Information and

Management Systems Society (US
healthcare industry's membership
organization - advocates use of healthcare
information technology to improve patient
safety and quality of care...")

* Agency for Healthcare Research and
Quality (AHRQ) (US Department of Health
and Human Services)

* Joint Council on Accreditation of
Healthcare Organizations (JCAHO)
(mission: "improve the safety and quality of
care provided to the public through the
provision of health care accreditation" ...)
* NCQA: National Committee for Quality
Assurance

* URAC - organization offering
accreditation and certification programs to
ensure health care quality

* Institute for Healthcare Improvement -
based in Cambridge, Massachusetts,
campaigns to improve health care

worldwide
* ECRI - "a nonprofit health services

research agency ...[whose] ... mission is to
improve the safety, quality and cost-
effectiveness of healthcare"

* e-prescribing [OC]

* Health information technology adoption,
programmes and plans [OC]

* MEDERRORS.com from Cerner Bridge
Medical

* World Alliance for Patient Safety (WHO)
* National Patient Safety Agency (UK) -
"Special Health Authority created to co-
ordinate the efforts of all those involved in
healthcare, and more importantly to learn
from, patient safety incidents occurring in
the NHS."

* Sweden National Board of Health and
Welfare Patient safety - Socialstyrelsen,
Patientsakerhet

* Australian Commission on Safety &
Quality in Health Care
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