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Abstract
Purpose: The project consisted of two aims: 1) Implement an ambulatory, computerized
prescriber order entry (ACPOE, e-prescribing) system with basic clinical decision support (CDS)
alerts; capture lessons learned; and evaluate workflow/workload and human factors impacts on
prescribers and staff); and 2) Evaluate the impact of the system on medication safety—
medication errors and adverse drug events.
Scope: The Everett Clinic is a community-based, multispecialty health-system. The eprescribing system was implemented at all sixteen sites (60 clinics). Comparing pre- to postimplementation, the workflow/workload and human factors evaluations took place at three
primary care clinics; the medication safety evaluation at all clinics.
Methods: Roll-out was staggered. Throughout implementation, iterative improvements were
made and lessons learned captured. Workload/workflow was evaluated by a time-motion study;
human factors impacts were captured from focus groups and a survey instrument. Ten thousand
prescriptions were evaluated to identify and characterize prescribing-related errors.
Results: All clinics are now using the e-prescribing system. Staggered roll-out, iterative
improvements, individual training, and real-time availability of technical assistance enabled
successful adoption. Use of the system was time-neutral for prescribers. End-user feedback was
positive. E-prescribing resulted in a reduction of (potential) medication errors from 28% to 9%.
Key Words: e-prescribing, time-neutral, decreased errors

The authors of this report are responsible for its content. Statements in the report should not
be construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services of a particular drug, device, test, treatment, or
other clinical service.
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Final Report
Purpose
The project consisted of two over-arching aims and five sub-aims.

Aim 1
Implement the ambulatory computerized prescriber order entry (ACPOE) system, now called
the electronic prescribing (e-prescribing) system, in all practice sites within The Everett Clinic,
by the end of the calendar year 2009.
Aim 1a: Describe the steps taken, strategies used and lessons learned that enabled
successful implementation.
Aim 1b: Evaluate the impact of the e-prescribing system on organizational workload
and workflow processes. We measured pre- and post-implementation metrics that characterized
these processes. To achieve this aim our primary activity was to conduct a direct observation
time-motion study that assessed the time-intensity of e-prescribing, comparing it to hand-written
prescribing. Secondary metrics captured included the proportion of prescribers voluntarily using
the system, the number of paper charts pulled per month, and the number of dispensing
pharmacies to which electronic prescriptions were auto-faxed. We posited that implementation of
the e-prescribing system would improve workload and workflow efficiency, as determined by
these metrics.
Aim 1c: Evaluate the impact of the e-prescribing system on the human factors aspects
of the implementation. Human factors can be defined as the relationship between human
beings and the systems in which they work.1 To achieve this aim we used two methods: focus
groups and a survey instrument. In the focus groups, we explored and described prescriber and
staff (end-users) experiences with and perceptions of the e-prescribing system. Using the survey
instrument, we assessed whether end-users indicated increased comfort with the e-prescribing
system over time; and whether self-assessed computer knowledge correlated with overall survey
scores. We posited that experiences would be largely positive (focus groups), and that those who
had integrated computer use into their professional lives would be more comfortable using the
system (survey).
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Aim 2
Evaluate the impact of the e-prescribing system on medication safety, specifically,
medication errors and adverse drug events.
Aim 2a: Compare the epidemiology of prescribing errors (characteristics and severity),
comparing those that occurred pre- to post-implementation. We posited that the frequency
of errors would decrease, and that the error characteristics would change. We posited that the eprescribing system would largely impact errors associated with a basic e-prescribing system,
such as errors due to improved legibility.
Aim 2b: Investigate the relationship between medication errors, identified in Aim 2a,
and downstream adverse drug events (ADEs). By linking prescriptions to subsequent
admissions to the inpatient services or emergency department at the local hospital, we
investigated the relationship between medication errors and potential ADEs, and determined the
characteristics of errors that contribute to ADEs. By linking prescriptions to hospital admissions,
we hoped to gain insight into the types of errors that contribute to morbidity. We posited that few
errors would result in ADEs. We considered Aim 2b a descriptive and hypothesis-generating aim.

Scope
Background
During the 1990’s the impact of health information technology (HIT) solutions on
medication errors and ADEs was studied extensively by Bates and Leape.2 But it was not until
the publication of “To Error is Human” (IOM-1999)3 that the issue of patient safety was brought
into the national spotlight. E-prescribing has emerged as a viable option for reducing errors,
while increasing efficiency.2 However, these systems have not yet been perfected.4 Prior to study
launch, most research evaluating computerized provider order entry (CPOE) systems had been
conducted in the inpatient setting; primarily in academic medical centers2. However, the majority
of US healthcare is delivered in community-based ambulatory settings5, where the use of
ambulatory (A)CPOE systems is low and research questions about how these systems impact
workload efficiency, end-users perceptions and experiences, and medication safety, remained
largely unexplored.

Conceptual Model and Research Framework
We adapted our conceptual model and research framework from work in the field of human
error and system design6, and its application to the medical field.7 (Figure 1) Reason6 and Leape7
present a theory of cognition that describes human error and state that it cannot be eliminated.
They suggest that systems should be developed that decrease the frequency with which humans
make errors, thus mitigating the harm that ensues. The model illustrates that the root causes of
systems failures stem from either design of the systems, or from the organizations and
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environments that use them. Solutions to systems errors lay in these same two categories.
Applying these concepts to our research, we accepted that humans will err and that we must
implement systems, that is, e-prescribing systems in the context of electronic health records
(EHRs), that reduce errors. We posited that the introduction of an e-prescribing system would
improve workload and workflow efficiencies, be perceived positively by end-users, and reduce
errors related to the prescribing process.
Figure 1. Conceptual model and research framework for implementing and evaluating an e-prescribing
6,7
system

Setting
The Everett Clinic is a vertically integrated, multispecialty physician group practice that
provides comprehensive, community-wide health care for the northern Puget Sound area. Over
275 physicians (200 of which are physician-owners) deliver comprehensive care in sixteen
ambulatory locations, in over sixty clinics. There are three pharmacies on-site. The single
hospital in the local market, Providence General Medical Center, is a part of the multi-hospital
Providence Health System. A hospitalist team from The Everett Clinic cares for these patients
when they are admitted – providing continuity of care between the ambulatory and inpatient
settings. The Everett Clinic cares for 225,000 patients and logs over 700,000 ambulatory care
visits annually. Prescribers write over 2.5 million prescriptions annually.
The Everett Clinic has developed and maintains a full array of HIT services through its
wholly owned subsidiary, CliniTech. From 1995 onward, CliniTech employees have been
responsible for development and implementation of The Everett Clinic’s internally developed
(“homegrown”) EHR and e-prescribing system. The EHR integrates patient scheduling, chart
notes, laboratory values, imaging reports and, most recently, basic e-prescribing into one system.
The e-prescribing system is web-based and utilizes a commercial drug-database. Prescribers can
electronically prescribe new and refill prescriptions, and can auto-fax these to over 500
dispensing pharmacies in the area. The system optimizes the selection of medications, generates
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real-time medication lists, calculates pediatric antibiotic dosing by weight, and populates disease
management registries.
A coupling of The Everett Clinic’s core value of innovation, strong leadership, and a strong
HIT department, with an understanding of their own and current national health care trends, led
The Everett Clinic to prioritize implementation and evaluation of the e-prescribing projects
supported by this grant.

Participants
In 2002, leaders at The Everett Clinic invited University of Washington (UW) faculty
members (SDS and EBD) to collaborate with them as TEC set out to implement their basic eprescribing system and to evaluate the impact of this system on medication safety. This pilot
work enabled our team to compete successfully for this AHRQ HIT Implementation grant in
2004 (UC1 HS015319-03; PI: Sean Sullivan). Having assembled a strong research team has
enabled successful completion of all aims of this grant. The full complement of investigators is
listed on the title page of this document.

Methods
Aim 1: Implement the Ambulatory Computerized Prescriber Order
Entry (ACPOE) System, Now Called the Electronic Prescribing (ePrescribing) System, in all Practice Sites within The Everett Clinic, by
the End of the Calendar Year 2009
Aim 1a: Describe the Steps Taken, Strategies Used and Lessons Learned that Enabled
Successful Implementation.
Aim 1a: Study Design. We accomplished Aim 1a by recording the various aspects of
implementation throughout the implementation process. We discussed the implementation
process weekly throughout the three-year period. During these discussions we recorded in an MS
Excel spreadsheet all steps taken, strategies used, and lessons learned during the
implementation process. One of the UW investigators maintained the spreadsheet. Near the end
of the grant cycle we reviewed the spreadsheet and categorized each entry topically.
Aim 1a: Inclusion/Exclusion Criteria. The inclusion criteria for this aim were very broad.
Our goal was to capture everything that could be directly or tangentially related to e-prescribing
implementation. As such, we included steps, strategies and lessons related to not only to system
implementation, but also to system development and testing, maintenance, security and
organizational culture.
Aim 1a: Data Sources. All investigators contributed lessons to this aim. Additional lessons
were provided by leadership, prescribers and clinic staff at The Everett Clinic, and reported to
the UW investigators.
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Aim 1a: Evaluation Methods/Data Analysis. Evaluation was limited to consolidating
entries in the Excel spreadsheet, eliminating redundancies, and categorizing entries into five
categories: system development and testing, implementation, maintenance, security, and
organizational culture.
Aim 1a: Limitations. The results of this aim were limited to the steps, strategies and lessons
captured from implementation of a homegrown e-prescribing system in a community-based,
multispecialty health system.
Aim 1b: Evaluate the Impact of the e-Prescribing System on Organizational Workload
and Workflow Processes. We measured pre- and post-implementation metrics that
characterized these processes. To achieve this aim our primary activity was to conduct a direct
observation time-motion study that assessed the time-intensity of e-prescribing, comparing it to
hand-written prescribing. Secondary metrics captured included the proportion of prescribers
voluntarily using the system, the number of paper charts pulled per month, and the number of
dispensing pharmacies to which electronic prescriptions were auto-faxed. We posited that
implementation of the e-prescribing system would improve workload and workflow efficiency,
as determined by these metrics.
Aim 1b: Study Design. We conducted the time-motion study at three clinic sites within The
Everett Clinic: Silver Lake, Harbour Pointe, and Snohomish. We collected two rounds of data,
each representing a unique combination of the stages of e-prescribing implementation. In the first
round we collected cross-sectional data; data collected in the second round will enable us to
make longitudinal comparisons. The primary focus of the longitudinal analysis was the Silver
Lake site, as this was the only site where a transition was made from a prescribing process that
was entirely handwritten, to one that is now managed by e-prescribing. Although the original
study design varied from what is described herein, adjustments were made based on a revision in
the implementation strategy that was directed by The Everett Clinic. Specifically, The Everett
Clinic originally had planned to deliver their e-prescribing software on wireless laptops provided
to prescribers. However, network challenges caused them to revise this plan and to, instead,
hardwire each examination room with a desktop computer. This change necessitated a
modification to the original study design, and resulted in the comparisons described in Table 1
below.
Table 1. Clinic sites & stages of e-prescribing implementation used in the time motion study
Stage of e-Prescribing Implementation:
Stage of e-Prescribing Implementation:
Clinic
First Round of Data
Second Round of Data
Silver Lake

Paper

Desktop computer in exam rooms and at
common work stations

Harbour Pointe

Prescriber: desktop computer in office;
Staff: desktops at common work stations

Desktop computer in exam rooms and at
common work stations

Snohomish

Prescriber: personal wireless laptops;
Staff: desktops at common work stations

Desktop computer in exam rooms and at
common work stations

Aim 1b: Inclusion/Exclusion Criteria. We included primary care clinics at these locations:
family practice, internal medicine, pediatrics and walk-in clinics. All prescribers were invited to
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participate, as was staff whose job descriptions in any way included the management of
prescriptions. Each site employs 8-15 prescribers and between 13 and 25 staff.
Aim 1b: Evaluation Methods. We used time-motion methods to evaluate prescriber and
staff tasks. Time-motion methods are considered the gold standard for capturing workflow and
workload data, as they capture the subject’s tasks continuously throughout a set time interval.
We collected the cross-sectional data sequentially from February 2005 through January 2006; the
longitudinal data from November 2006 through May 2007. A total of six observers collected data,
two conducted the majority of the observations. Each received training in time-motion methods.
One observer shadowed each prescriber and staff member for one, four-hour time interval
(morning or afternoon), during each of the two study timeframes. We collected the data using
Timer Pro software (Applied Computer Services Inc., Englewood, CO) on a Palm Tungsten
handheld PDA device. We used task categories that we modified from the work of Overhage.8
Additional detail of our time-motion methods can be found in our recently published
manuscript.9
Written consent was obtained from all prescribers and staff who participated. Although the
study did not capture any patient-related information, all patients provided verbal consent to have
an observer shadow their provider in the examination room. The UW Human Subjects
Committee approved all study activities.
Aim 1b: Data Analysis. Data stored on the PDA were downloaded into MS Excel for
analysis. Our aim was to measure the uptake of e-prescribing and to determine the time-intensity
for prescribers and staff. First, we examined the time spent on major task categories (e.g.
computer versus writing tasks), measuring the impact of e-prescribing on overall workload and
workflow. We used unpaired t-tests to calculate the mean difference, in minutes per hour that
prescribers and staff spent on various task categories at each site and stage of implementation.
Second, we compared only prescription-related events performed by prescribers and staff at each
stage of implementation, using as a metric the number of seconds per prescription-related event.
For this analysis, we used a linear mixed effect model to compare prescription event times, using
new/refilled prescriptions as a fixed effect, and site (cross-sectional analysis) and prescriber
(longitudinal analysis) as random effects. Third, we calculated the proportion of prescriber and
staff time spent in the re-categorized tasks (i.e. direct or indirect patient care). We externally
validated the TM data by comparing it to data captured in the practice management system.
Analyses were conducted in SPSS 13.0, R, or Stata 10 statistical software.
We applied a power calculation to estimate the significance of the difference in time spent
prescribing between the paper-based and the e-prescribing methods within the Silver Lake site
(longitudinal analysis). Using pilot data to estimate the mean number of seconds per prescribing
event and a variance inflation factor that accounted for clustering of prescriptions within each
prescriber, the study had 95% power to detect a 20% change in number of seconds for each
prescribing-event.
Aim 1b: Limitations. The major limitation of this study was that tasks conducted outside
the four-hour observation time blocks were not captured. Specifically, prescribing-events
conducted during lunch hours or in the evenings were not captured. A second limitation was that
the identification and categorization of clinical tasks, especially when clinicians were multitasking, was imperfect. Third, generalizability may be limited to clinics where the patient mix is
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similar to The Everett Clinic’s. The average age of The Everett Clinic population is 45 years; the
number of medications prescribed is known to increase after this age, and this may impact the
amount of time spent prescribing. Finally, genealizability may be limited to similar, communitybased clinics that have implemented a homegrown EHR and basic e-prescribing system.
Separately, each of the secondary process metrics was captured throughout the three-year
study timeframe: the proportion of prescribers voluntarily prescribing electronically and the
number of pharmacies to which prescriptions were auto-faxed were captured from the eprescribing system and the EHR. The number of chart pulls was captured from The Everett
Clinic’s practice management system. Each metric was summed and graphed quarterly.
Aim 1c: Evaluate the Impact of the e-Prescribing System on the Human Factors
Aspects of the Implementation. Human factors can be defined as the relationship between
human beings and the systems in which they work.1 To achieve this aim we used two methods:
focus groups and a survey instrument. In the focus groups, we explored and described prescriber
and staff (end-users) experiences with and perceptions of the e-prescribing system. Using the
survey instrument, we assessed whether end-users indicated increased comfort with the eprescribing system over time; and whether self-assessed computer knowledge correlated with
overall survey scores. We posited that experiences would be largely positive (focus groups), and
that those who had integrated computer use into their professional lives would be more
comfortable using the system (survey).
Aim 1c: Study Design—Focus Groups. We conducted focus groups with end-users at the
same three primary care clinics at which we conducted the time-motion study – Silver Lake,
Harbour Pointe and Snohomish. Data reflected the same three unique stages of e-prescribing
implementation as were reflected in the first round of data collection for the time-motion study,
thus representing a cross-sectional comparison. We used semi-structured elicitation techniques.
A priori, we created a conceptual model (Figure 2) and a template of research questions to guide
and focus the discussion, one each for prescribers and staff. The theoretical framework was
developed from the work of Reason6, Leape7, and Dixon10,11, and included domains identified
from the literature, a priori. The templates consolidated these domains into four broad categories:
expectations, impact, and fears of e-prescribing, and barriers to e-prescribing. Each template also
included probes and ended with an open-ended question that invited participants to convey
information not already covered.
Aim 1c: Study Design—Surveys. The survey portion of the human factors study was
conducted in parallel with the time-motion study. The end-users at these same three clinics were
invited to complete a survey at each of the two times of their observation for the time-motion
study, thus allowing us to assess computer adoption as implementation progressed at these three
sites. All end-users were invited to complete the survey; participation was voluntary. All
provided informed consent.
The UW Human Subjects Committee approved both the focus group and the survey studies.
Aim 1c: Execution of Study. At study outset, an orientation meeting was conducted at each
site. Orientation to the time-motion study, the focus group study, and to the survey study was
provided at the same meeting. At this time, all end-users were invited to participate in all three
aspects of the e-prescribing project. Thus, the sampling frame was universal.
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Aim 1c: Execution of Study—Focus Groups. At each clinic we conducted one focus group
for prescribers and one for staff. One additional focus group was conducted for “float pool” staff
– staff that rotated among clinic sites. Verbal consent was provided at the outset of each focus
group. One of the UW investigators facilitated each focus group. Each focus group lasted thirty
minutes.
Figure 2. Theoretical framework for focus group study (adapted from Reason6, Leape7, and Dixon10,11)

Aim 1c: Surveys. We utilized a survey instrument developed by Dixon10,11, intended to
assess IT adoption behaviors. The instrument is based on a conceptual model called the
Technology Assessment Model, first developed by Davis, which includes theories of innovation
diffusion and technology acceptance.12,13 The instrument, “Information Technology in Family
Practice”, assesses finesse (defined as the ability and willingness to transfer knowledge and skills
from one task to another), intent to use, perceived usefulness and perceived ease of use. Its
reliability and validity have been demonstrated in a group of family physicians.10 We adapted
this 37-question survey instrument that assesses adoption, calling it “Information Technology in
Primary Care Practice”. A 38th question elicits information about self-assessed computer
knowledge.
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Aim 1c: Evaluation Methods/Data Analysis—Focus Groups. A non-participating
research associate recorded discussions on a laptop. The categories from the templates became
the “start lists” when coding transcripts. Open coding was used to begin the process of
thematizing responses. Individual codes were categorized into families of codes; then into
themes. The unit of analysis was each focus group. The themes were compared across each focus
group, determining similarities and differences in responses between types of end-users, and
between clinics. All analyses were conducted using Atlas.ti (Berlin, Germany).
Aim 1c: Evaluation Methods/Data Analysis—Surveys. Survey data were entered into an
Excel spreadsheet and are being analyzed in Stata, Version 10. The 37-item survey summary
score assesses overall comfort with using the computer system. We use this summary score as a
proxy for adoption of the e-prescribing system. We utilized the answer to the 38th question, about
self-assessed computer knowledge, to determine if this self-assessment correlated with adoption,
measured by the summary score.
Scores from the surveys are being analyzed using a longitudinal analysis. For prescribers, we
are using generalized estimating equations (GEE) to account for the correlation among scores
obtained from the same subject. The data for the staff are anonymyzed, so will not be correlated
by subject. For staff, we will use analysis of variance techniques and change scores to determine
e-prescribing acceptance comparing the two time points.
Aim 1c: Limitations—Focus Groups. The data from the focus group study provide a crosssectional sampling of end-users thoughts and feelings, reflecting different stages of e-prescribing
implementation. Participation in the focus groups was voluntary, so the sampling frame may be
biased. As the results are from primary care clinics within a health-system that has implemented
a homegrown e-prescribing system, results may not be generalizable to other settings or to
specialty clinics. Finally, qualitative research always carries the bias of the investigator who
collected and analyzed the data. This limitation is inherent in all qualitative methods.
Aim 1c: Limitations—Surveys. There are two limitations to the survey. First, this is the
first time that the survey instrument, intended to assess overall computer use by family practice
physicians, has been used to assess e-prescribing use by other types of primary care physicians.
Second, although we have paired data on each participating prescriber, at two time-points, our
data on staff was provided anonymously. We are therefore unable to conduct the same pairwise,
longitudinal comparisons among staff. For the latter group, our analyses are limited to comparing
results at the group level.
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Aim 2: Evaluate the Impact of the e-Prescribing System on Medication
Safety, Specifically, Medication Errors and Adverse Drug Events
Aim 2a: Compare the Epidemiology of Prescribing Errors (Characteristics and
Severity), Comparing Those That Occurred Pre- to Post-Implementation. We posited that
the frequency of errors would decrease, and that the error characteristics would change. We
posited that the e-prescribing system would largely impact errors associated with a basic eprescribing system, such as errors due to improved legibility.
Aim 2a: Study Design. This study was a retrospective cohort review of 10,000 prescriptions
and charts for the identification and characterization of medication errors, comparing those that
occurred pre- to post-e-prescribing implementation; 5,000 in each time frame. This sample size
provides 80% power to detect a 5% reduction in errors, from a baseline error rate of 25%, using a
2-sample, 2-sided, chi2 test of equal proportions, with an alpha level of 0.05.The prescriptions
representing the pre-implementation timeframe were hand-written a minimum of six months
prior to the implementation of the e-prescribing system, and those representing the postimplementation timeframe were electronically written a minimum of six months subsequent to
the implementation of the system. Prescriptions were identified in reserve chronologic order for
the former timeframe and in chronologic order for the latter timeframe. The samples were
weighted to reflect the prescribing patterns of all prescribers (primary care and specialty care),
and the five top therapeutic drug categories, seen throughout The Everett Clinic for a 12-month
timeframe. The sample was limited to prescriptions filled at any of the three TEC pharmacies.
The UW Human Subjects Committee approved the study.
Aim 2a: Inclusion/Exclusion Criteria. Both new and refilled prescriptions were included.
Prescriptions transferred into or out of one of The Everett Clinic’s pharmacies were excluded.
Prescriptions for devices, laboratory supplies and chemotherapeutic agents were excluded.
Aim 2a: Data Sources. Data sources were the prescriptions, all documentation contained in
the EHR, and the prescription as entered into the pharmacy dispensing system.
Aim 2a: Evaluation Methods. Two clinical pharmacists independently evaluated each
prescription. Each prescription was evaluated for the presence of an error. If an error were
present it was then characterized, using categories identified from the literature a priori (e.g.
illegibility, drug-disease interaction), and a severity weight assigned. We adopted the severity
weighting schema of the National Coordinating Council on Medication Error Reporting and
Prevention (NCC MERP).14 We adopted and codified decision rules, a priori. We assessed
concordance using the kappa statistic; three of the investigators resolved discrepancies. We
recorded data in an MS Access database created expressly for this purpose. A detailed
description of the methods we used to conduct this study can be found in our manuscript
published in the AHRQ volume Advances in Patient Safety: From Research to Implementation15.
Aim 2a: Data Analysis. The prescription was the unit of analysis. The first outcome of
interest was whether an error (or potential error) occurred. The second outcome was whether or
not a serious medication error occurred (letters C through I using the NCC MERP14 criteria).
The primary explanatory variable was e-prescribing implementation. As the outcomes are binary,
12

and the data are hierarchically structured (prescriptions within prescribers, within specialties,
within clinic site), we used alternating logistic regression to estimate the effect of the stage of
implementation on the outcomes. We adjusted the models for season of the year to reflect
seasonal variations in prescribing patterns; number of weeks since implementation to account for
secular trends; therapeutic drug class, new or refill prescription, and patient age.
Aim 2a: Limitations. There were two limitations to this study. First, the data collection
methods precluded a definitive evaluation of the outcome of errors in patients; that is, whether
errors caused harm. Although the EHR contains chart notes of all scheduled visits, a paper chart
still exists, and a review of these would have been necessary to conduct a comprehensive
evaluation of ambulatory visits related to downstream events caused by a medication error.
Neither did the methods used in this study include contacting patients to determine if they
received their prescription or adhered to their medication regimen. In order to make full use of
the spectrum of severity levels offered by the NCC MERP Index14, a comprehensive review of
these aspects of care would have been necessary. Importantly, however, in Aim 2b we linked
patients whose prescriptions were reviewed for this study, to downstream inpatient admissions or
emergency department visits to the local medical center (Providence Everett Medical Center).
Aim 2b: Investigate the Relationship between Medication Errors Identified in Aim 2a,
and Downstream Adverse Drug Events (ADEs). By linking prescriptions to subsequent
admissions to the inpatient services or emergency department at the local hospital, we
investigated the relationship between medication errors and potential ADEs, and determined the
characteristics of errors that contributed to ADEs. By linking prescriptions to hospital admissions,
we hoped to gain insight into the types of errors that contribute to morbidity. We posited that few
errors would result in adverse drug events. We considered Aim 2b a descriptive and hypothesisgenerating aim.
Aim 2b: Study Design. This study was a retrospective chart review (both paper and EHR)
to identify preventable ADEs; that is, ADEs that were caused by a medication error. All patients
for whom a prescription was written and contained in the dataset for Aim 2a were included in
Aim 2b. A patient identification number was assigned for patients for whom these prescriptions
were written, and for whom a subsequent hospital admission or emergency department visit at
Providence Everett Medical Center was recorded within 90 days of the prescription having been
written. The UW Human Subjects Committee approved the study.
Aim 2b: Inclusion/Exclusion Criteria. We included all admissions for which the
implicated medication could have caused the ADE. We excluded admissions for which the
admission or procedure was unrelated to the prescribed medication (e.g. elective knee
replacement or uncomplicated vaginal delivery matched to a prescription for a nasal steroid).
Aim 2b: Data Sources. In addition to the three data sources utilized in Aim 2a, by creating
a link between each prescription and a subsequent hospital admission, we were able to review the
medical record for these patients from Providence Everett Medical Center.
Aim 2b: Evaluation Methods and Data Analysis. In addition to each patient identifier and
medication prescribed, we collected patient demographic information, discharge diagnosis-
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related group (DRG) codes and descriptions, and discharge International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes and descriptions. In addition to
reviewing each ADE for its preventability, that is, its potential cause being the medication for
which the prescription was written, we reviewed each ADE for its severity (significant, serious,
life-threatening, or fatal), and ameliorability, using criteria established by Morimoto and
colleauges16. We used the Naranjo probability scale to assess the probability of the ADE as an
outcome (definite, probable, possible, doubtful).17 We created the ADE data elements collection
form by combining the FDA MedWatch Form18 and the IOM’s “Domain Areas for a Common
Patient Safety Reporting Format”.19 For those incidents that are classified as an ADE, we
created a case summary describing the event, and any pertinent information about the underlying
cause of the ADE.
Aim 2b: Limitations. This study was limited to ADEs that resulted in hospital or
emergency department admission. We recognize that not all admissions necessarily occurred at
Providence – although it is the only hospital in the state where The Everett Clinic physicians
have admitting privileges. Administrative records at the hospital were not specific enough to
perfectly identify the causal linkage between a prescription error and the admission. Finally, our
dataset is limited to matches that were found using the DRGs and ICD-9-CM codes assigned at
discharge for billing purposes.

Results
Principal Findings and Outcomes
Aim 1: Implement the Ambulatory Computerized Prescriber Order Entry (ACPOE)
System, Now Called the Electronic Prescribing (e-Prescribing) System, in All Practice Sites
within The Everett Clinic by the End of the Calendar Year 2009. Implementation proceeded
much more quickly than was originally scheduled. The system was implemented and being used
voluntarily by 100% of prescribers by October 2006. A detailed description of the development
and implementation of the e-prescribing system can be found in our manuscript20 that we
recently submitted for consideration for publication in the AHRQ Patient Safety compendium,
entitled, “Advances in Patient Safety: New Directions and Alternative Approaches”.
Aim 1a: Describe the Steps Taken, Strategies Used and Lessons Learned that Enabled
Successful Implementation. In this same manuscript20 we describe in detail the steps used in the
implementation process, the challenges encountered and the strategies used to solve each one,
and the lessons learned that enabled successful implementation. The lessons learned encompass
five domains: 1) development and testing, 2) implementation, 3) maintenance, 4) security, and 5)
organizational culture. Lessons learned during implementation can be further categorized into
those that involve networking, training, prescribers and staff, pharmacies, patients, and workflow
and room configuration. The major lessons include that a positive, team-oriented organizational
culture and visionary leadership are critical; that iterative implementation can be highly
successful; that ongoing and readily accessible training is necessary; that involvement of
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clinicians in every facet of development achieves buy-in; that workflow redesign is an integral
facet of implementation; and that implementation is a journey, not a solution.
Aim 1b: Evaluate the Impact of the e-Prescribing System on Organizational Workload
and Workflow Processes. The results of the cross-sectional analysis of the time-motion data
have just been published.9 In this evaluation, 27 prescribers and 42 staff were observed. At the
two sites with optional e-prescribing, 75% to 86% of prescription-related events were performed
electronically. Prescribers at the e-prescribing sites spent significantly less time on writing tasks
(-3.0 minutes/hour) but this time-savings was offset by increased computer tasks (3.9
minutes/hour). After adjusting for site, prescriber and prescription type, e-prescribing tasks took
marginally longer than hand-written tasks (12 seconds). Nurses spent 5.4 minutes longer per
hour conducting computer tasks than their counterparts at the paper-based site. However, when
computing and writing tasks were combined, the difference between sites was not statistically
different. At all three sites, nurses spent only 1.1 minutes / hour on prescription-related tasks. At
the e-prescribing sites, medical assistants spent a non-significantly greater amount of time
conducting computer-related tasks (3.4 minutes / hour), and conducting prescription-related tasks
(0.6 minutes / hour). We are currently analyzing the second round of data from the time-motion
study, and conducting the longitudinal analysis.
Secondarily, data on the following metrics have been collected: the proportion of prescribers
prescribing electronically (Figure 3a) and the number of paper charts pulled per month at the
Marysville site (Figure 3b). The graphs of each metric over time indicate the uptake of the eprescribing system. Separately, the number of pharmacies to which prescriptions are auto-faxed
is now over 500.
Figure 3a: Proportion of prescribers prescribing electronically
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Figure 3b: Number of paper charts pulled, per quarter, Marysville site

Aim 1c: Evaluate the Impact of the e-Prescribing System on the Human Factors
Aspects of the Implementation: Focus Group Study. We conducted a total of eight focus
groups: Silver Lake (3), Harbour Pointe (2), Snohomish (2) and float pool (1). Seventeen
prescribers, and 52 nurses and medical assistants participated. The ten major themes that
emerged from the analysis were categorized according to the theoretical framework, developed a
priori. An important and unexpected finding was that physicians realized they could now
prescribe remotely – from home in the evenings. Secondary themes from the theoretical model
were also mentioned. One important finding was that end-users stated that patients liked having
the computer in the examination room, and enjoyed viewing their data with their physician.
These are summarized in Table 2.
Aim 1c: Survey Study. 121 surveys were completed and returned – 63 for prescribers and
58 for staff. We are currently analyzing these.
Table 2: Focus group results: themes related to use of the e-prescribing system
Theme
Description
Individual level variables

Past experiences with computers influenced perceptions

Organizational level variable: Leadership

Important – training, feedback and support

Design level variable: Features, desired

Clinical decision support alerts and ‘favorites” lists

Perceptions and Experiences: Benefits

Accuracy, transparency, integration

Perceptions and Experiences: Downsides

Programming errors; lack of wireless reliability

Perceptions and Experiences: Efficiency

Increased after the training period

Perceptions and Experiences: Expectations

Streamlined work

Perceptions and Experiences: Fears

At the paper-based clinic: fears present prior to implementation
of e-prescribing; disappeared after implementation

Perceptions and Experiences: Impact

Prescribing from home – an unanticipated benefit

Perceptions and Experiences: Impressions

“I love it!”

Perceptions and Experiences: Safety,
medication

Reduction in medication errors; improved tracking of controlled
substances
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Aim 2. Evaluate the Impact of the e-Prescribing System on Medication Safety,
Specifically, Medication Errors and Adverse Drug Events.
Aim 2a. Compare the Epidemiology of Prescribing Errors (Characteristics and
Severity), Comparing Those That Occurred Pre- to Post-Implementation. We reviewed
5,000 hand-written prescriptions written prior to e-prescribing implementation and 5,000
electronically written prescriptions written post-e-prescribing implementation. To date, we have
published a manuscript that describes the characteristics of 1,500 pre-implementation errors in
one internal medicine clinic that served as our pilot site21.
To date, we have also conducted a preliminary analysis of the pilot portion of this study – the
3,000 prescriptions written at the one internal medicine clinic that was the first at which the eprescribing system was implemented. At this clinic, there was a 66% reduction in potential and
actual medication errors, from 27.4% to 9.3% (Figure 4a). The majority of errors were potential
errors only (25.1% pre- and 6.9% post-implementation: Level A, circumstances that can cause an
error). The proportions of errors that did not cause harm (2.2% / 2.3%; Levels B-D, potential
ADEs) and the proportion of errors that did cause harm (0.1% / 0.1%; Level E, preventable ADE)
were low (Figure 4b), and were not affected by implementation of the basic e-prescribing system.
Figure 4a. Proportion of prescriptions with potential and actual medication errors
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Figure 4b. Severity of medication errors

The characteristics that occurred with a frequency of greater than 1% are illustrated in Figure
4c. The most frequently occurring error characteristic was missing information, followed by
incorrect directions and illegibility. Interestingly, drugs known to be contraindicated in geriatric
patients (Beers criteria)22, drugs-disease interactions, and drugs that required laboratory
monitoring occurred with a greater frequency than drug allergies or drug-drug interactions (the
latter two occurred with a frequency < 1% are therefore not shown).
Figure 4c. Characteristics of medication errors

We are presently analyzing the full dataset of 10,000 prescriptions.
Aim 2b: Investigate the Relationship Between Medication Errors Identified in Aim 2a,
and Downstream Adverse Drug Events (ADEs). Our query that matched prescriptions
reviewed to inpatient and emergency department admissions returned 135 medications for 59
patients. Of these, 29 medications matched to 16 patients met our inclusion criteria for
plausibility of the admission being associated with the medication prescribed. Thus, at this
juncture, 0.29% of prescriptions (29 in 10,000 prescriptions) are being reviewed for their
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association with a potential or preventable ADE. We are presently reviewing the charts of these
16 patients.

Discussion
Aim 1a: Describe the Steps Taken, Strategies Used and Lessons Learned that Enabled
Successful Implementation. The lessons learned by The Everett Clinic during their eprescribing implementation are consistent with those that appear in the literature. Our
manuscript20 is one of the first to document these lessons in the ambulatory setting. Thirteen
years ago Sittig and Stead published a list of key ingredients that is still useful today to ensure
successful implementation of a CPOE system.23 They mention that the system must be fast and
easy to use; that institutional commitment must be broad; and that it must come from the highest
levels of the organization. More recently, the California Healthcare Foundation published reports
that summarize successful strategies learned from CPOE implementation in community
hospitals24, and from electronic medical record implementation in small physician practices25.
These include executive vision and leadership, a collaborative environment, sufficient resources,
and a strong IT program. More recently, Ash26 found that the organization of information
(system integration); and that technical/ implementation (usability, time, training, support),
organizational (collaboration, culture and power), and professional (adaptation to local
preferences) issues are all important to successful CPOE implementation.
Aim 1b: Evaluate the Impact of the e-Prescribing System on Organizational Workload
and Workflow Processes. Results of the cross-sectional time-motion study revealed that, at the
two sites that had implemented e-prescribing, e-prescribing was not associated with an increase
in combined writing and computing time for prescribers. E-prescribing took slightly longer than
hand-writing, but the difference was not statistically significant (12 seconds). When extrapolated
to one day, this might add 3-5 minutes to a prescriber’s day. At the e-prescribing sites, we did
find that nurses spent more time computing than writing (5.4 minutes / hour), but this may have
been offset by time spent in other activities at the paper-based site (restocking examination
rooms, looking for charts, unoccupied). For medical assistants, there was little difference in time
spent on any tasks. These results suggest that e-prescribing does not greatly disrupt workflow,
and that adjustments can be made in other task areas.
Our results are consistent with those of others, although few studies have been based in the
ambulatory setting and none have focused solely on e-prescribing. A recent systematic review27
identified twelve studies that compared the time-efficiency of paper-based versus EHR systems
for physicians. Not all studies employed time-motion methods; some used work-sampling
methods. Results varied widely, from a 22% reduction to a 328% increase in physician time,
when using an EHR. Specifically, Keshavjee used a battery of metrics (e.g. time spent
conducting chart pulls, writing in the chart, writing prescriptions; number of clinic visits daily),
to determine the impact of EHR implementation on workload processes in the office setting and
found that the time required for most administrative tasks decreased within six months of
implementation.28 Bates’ group found the proportion of time spent writing orders increased from
2.1% before CPOE implementation, to 9.0% afterward (p<0.0001), but that this difference was
offset by less time spent talking to other physicians, less time looking for charts, and less time
walking.29 Overhage found time spent e-prescribing increased prescribing by 0.43 minutes per
patient, but that over time it fell by 3.73 minutes per patient.8
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Separately, our secondary metrics indicate that implementation has been successful. The
steady increase in the proportion of prescribers electronically prescribing (to 85%), in the
number of paper charts pulled per month (5-fold reduction), and in the number of pharmacies to
which e-prescriptions are auto-faxed (over 500), all indicate the impact on workflow and that
workflow has markedly changed with e-prescribing.
Aim 1c: Evaluate the Impact of the e-Prescribing System on the Human Factors
Aspects of the Implementation. The results of the focus group study revealed that perceptions
and experiences with the e-prescribing system are largely favorable. Those that were not, were
not surprising, and reflected challenges that were encountered during implementation (e.g. lack
of reliability of the wireless network). Importantly, workload and workflow changed, and
efficiencies were created as prescribers remarked positively on their ability to e-prescribe from
home. It is also important that fears were not realized, that patients found that having computers
in the examination rooms useful, and that prescribers were unwilling to return to paper-based
prescribing. The results of the focus group study largely reflect what is known about eprescribing systems evaluated in other settings - that accuracy and medication safety should
improve2; that efficiency should either increase or be, at least, time neutral27; and that training,
feedback and support from leadership are critical to success26.
Aim 2. Evaluate the Impact of the e-Prescribing System on Medication Safety,
Specifically, Medication Errors and Adverse Drug Events.
Aim 2a. Compare the Epidemiology of Prescribing Errors (Characteristics and
Severity), Comparing Those That Occurred Pre- to Post-Implementation. When
characterizing the pre-implementation error characteristics in our pilot data21, almost 28% of
prescriptions evaluated contained one or more errors or potential errors; however 92% (25.1% /
27.4%) of these errors were not actual errors, but potential errors, wherein there were
“circumstances with the capacity to cause an error” (NCC MERP Level A14). 6.9% of the errors
reached the patient. By definition, these are the errors that have the potential to cause harm.
However, only 0.2% did cause harm – for an error rate of 2 in 1,000 prescriptions written that
contained an error.
A priori, we had posited that the error characteristics most likely to occur would be one
categorized as a non-clinical error (illegibility) and two categorized as clinical errors (allergy and
drug-drug interactions). Interestingly, illegibility ranked third in the list of non-clinical
characteristics that caused an error, behind missing information and wrong directions.
Surprisingly, errors involving Beers22 criteria, drug-disease interactions, and lack of appropriate
laboratory monitoring occurred more frequently than did errors involving allergies or drug-drug
interactions. We believe that it is the non-clinical errors that may be impacted by a basic
electronic prescribing system (illegibility, missing information, wrong dose); while those we
defined as clinical errors may be impacted only when more sophisticated levels of CDS
programming are added. Informed with the knowledge from this study, The Everett Clinic has
developed CDS programming that provide prescriber alerts for drug-disease interactions, and
guidelines for appropriate laboratory monitoring to prevent harm.
Bates’ group has led the field in studying the impact of CPOE systems on medication errors
in the inpatient setting.2,30,31 However, few studies have focused on the impact of ACPOE
systems on medication errors in the ambulatory setting. Gandhi evaluated the effect of
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computerized prescribing in the outpatient setting.32 Although this group found no differences in
error rates between sites that did or did not use e-prescribing, they suggested that CDS alerts
could have prevented 95% of the errors found. In a recent study assessing reasons for
medications requiring clarification, comparing pre- to post-CPOE implementation in both a
community and university hospital, Wess found that dose, route, and frequency clarifications
were far more common than were drug-drug interaction or drug-allergy clarifications.33 These
results are consistent with the error characteristics we most frequently found, as those having to
do with missing information or illegibility.
Aim 2b: Investigate the Relationship Between Medication Errors Identified in Aim 2a,
and Downstream Adverse Drug Events (ADEs). At this juncture, we are evaluating 0.29% of
prescriptions (29 in 10,000 prescriptions) in our dataset for their association with a potential or
actual ADE. This proportion of errors that may have led to an ADE is very small. This too, is
consistent with the work of others. In one of Bates’ early studies that evaluated the proportion of
medication errors that led to ADEs, he found that only 0.9% of errors caused ADEs.34 Further,
when evaluating 160 handwritten prescriptions in a community-based general medicine practice,
Gandhi found that errors occurred in 34% (54/ 160), and that 14.8% (/8/ 54) of these were
potential ADEs.35 The proportion of errors that result in either potential or actual ADEs will be
smaller in our study, largely due to differences in data collection methods.
Aim 2b: Generalizability of Findings. We had postulated, a priori, that the findings from
our work would be generalizable for several reasons. In retrospect, we confirm this notion. Many
of the barriers and challenges identified by other organizations36 currently implementing
commercially developed CPOE systems have also been faced by The Everett Clinic. Common to
all systems37,38 are the identification and specification of core functionalities; aligning these with
current standards; conceptualization of the impact of the system on workflow patterns and endusers; conducting a market analysis, comparing the costs and features of available systems, and
deciding to build internally; conducting field tests to ensure optimal productivity; creating
interfaces among modules, ensuring a reliable network and system security; and providing
ongoing maintenance. As we have seen, the lessons that The Everett Clinic has learned transcend
the type of software and hardware utilized. The Everett Clinic’s approach of combining a
commercially available drug-database with in-house programming, may offer a viable alternative
to health-systems seeking the best strategy to launch their own e-prescribing initiative. Finally,
although our time-motion, focus group, and survey studies were conducted in primary care
settings, the lessons learned were captured, and medication error and ADE studies conducted
clinic-wide.

Conclusions
In summary, the results of our projects have revealed that the impact of the e-prescribing
system has been overwhelmingly positive. The initial timeframe for system implementation and
adoption was exceeded by almost three years – with an original date of October 2006. The
Everett Clinic positioned itself for success. We captured these steps, strategies and lessons
learned that enabled this successful adoption. Clinic leadership is visionary, stable and
supportive. The culture is positive, upbeat, and team-oriented. The system was implemented in
an iterative fashion, with identification and implementation of improvements on an ongoing
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basis. Clinician involvement contributed to iterative improvement. Training was provided oneon-one and just-in-time. Workflow redesign was recognized as an essential component of
implementation and was undertaken as a part of the process. Challenges were thought of as
opportunities for improvement, rather than barriers to adoption. The Everett Clinic concludes
that implementation is a journey, not a solution.
In the process, efficiencies have been gained. The e-prescribing system has been voluntarily
adopted by 85% of prescribers, with prescriptions being auto-faxed to over 500 pharmacies. The
number of paper charts pulled decreased 5-fold from 2003 to 2007 at the pilot site. The results of
the cross-sectional time-motion study revealed that, for prescribers, e-prescribing is largely timeneutral, and that for staff, the increased time spent computing may be offset by decreases in time
spent in other activities. We anticipate similar results from the longitudinal analysis. Results
from the focus group study revealed that prescribers and staff alike are enthusiastic about the eprescribing system. They feel that the system has improved efficiencies and medication safety.
These perceptions further enable system adoption. Importantly, the pilot data from the
medication error study revealed over a 60% reduction in medication errors, and that the majority
of these were only potential errors, did not reach the patient, and did not cause harm. In the
analysis of pilot data, only 0.2% of errors reached the patient and caused harm, that is, 1
prescription each, in the pre- and post-implementation datasets. Further, the harm caused by
these two prescriptions resulted solely in temporary harm that required intervention to resolve.
No permanent harm was caused. We anticipate the results of the full medication error and ADE
studies will reveal similar results. With these results, The Everett Clinic can confidently move
forward into the HIT arena, further adopting HIT tools that will increase efficiencies and
improve patient care.
An important dynamic that has enabled the success of this project has been the collaboration
within a team that was comprised of a non-profit and a for-profit entity. Each member of the
team, from his/her perspective viewpoint, has been enthusiastic about the work. We have divided
the roles so that each person is contributing in a way that optimizes their professional
responsibilities and strengths. Two members of the team at UW, and two at The Everett Clinic,
assumed primary project responsibility. The site project coordinators have been responsible for
day to day implementation (JWN) and evaluation (EBD), respectively. Overseeing all decisions
have been the two principal investigators, AWF and SDS. Together, these four investigators are
responsible for completion of work and dissemination of results. At the close of this successful
endeavor, this team is positioned and motivated to continue to study important questions related
to the implementation of HIT in the ambulatory setting.

Significance and Implications
We have used several methods to assess the impact of implementation of an e-prescribing
system on a battery of outcomes. Ours is one of the first projects to utilize a multi-faceted
approach to study this impact in a community-based, multispecialty health system that is not
affiliated with an academic medical center. Moreover, it is one of the first sets of evaluations to
capture these findings from an ambulatory health-system that has implemented a “homegrown”
EHR and e-prescribing system. Further, our work also represent practice sites that are
geographically distinct from other studies published to date, and will broaden the body of
literature in this area.
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Specifically, our strategies used and lessons learned when implementing an e-prescribing
system in a community-based, ambulatory setting of an integrated health-system are some of the
first to be described (Aim 1a). Our time-motion study is one of the first to include not only
prescribers, but also nurses and other staff whose job descriptions include managing
prescriptions (Aim 1b). The effectiveness of EHRs, CPOE and e-prescribing systems is critically
dependent upon the interrelationships between humans, the tools they use, and the environment
in which they live and work, the human factors aspects. Many factors influence the use of
computers, including personality, prior computer experience, attitudes, interest and
enthusiasm.9,10 Analyzing these factors, and using them to assess successful implementation of
an e-prescribing system is an area of research that is still in its infancy. (Aim 1c) Similarly, most
studies that evaluate the impact of medication errors and ADEs have been conducted in the
hospital setting. Not only is ours conducted in the ambulatory setting, but our dataset includes
prescriptions that reflect prescribing patterns of both primary care and specialty physicians
(Aims 2a and 2b). The results of our work provide evidence that implementing a e-prescribing
system in the community-based, ambulatory setting can be achieved successfully, and can have a
positive impact on clinic efficiency, on the end-users’ workday, and on medication safety.
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