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Abstract
Objective—To determine what “average” clinicians in organizations that were about to implement
Computer-based Provider Order Entry (CPOE) were expecting to occur, we conducted an open-
ended, semi-structured survey at three community hospitals.

Methods—We created an open-ended, semi-structured, interview survey template that we
customized for each organization. This interview-based survey was designed to be administered
orally to clinicians and take approximately five minutes to complete, although clinicians were
allowed to discuss as many advantages or disadvantages of the impending system roll-out as they
wanted to.

Results—Our survey findings did not reveal any overly negative, critical, problematic, or striking
sets of concerns. However, from the standpoint of unintended consequences, we found that clinicians
were anticipating only a few of the events, emotions, and process changes that are likely to result
from CPOE.

Conclusions—The results of such an open-ended survey may prove useful in helping CPOE
leaders to understand user perceptions and predictions about CPOE, because it can expose issues
about which more communication, or discussion, is needed. Using the survey, implementation
strategies and management techniques outlined in this paper, any chief information officer (CIO) or
chief medical information officer (CMIO) should be able to adequately assess their organization's
CPOE readiness, make the necessary mid-course corrections, and be prepared to deal with the
currently identified unintended consequences of CPOE should they occur.
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INTRODUCTION
There is currently tremendous pressure on many different fronts for hospitals to implement
Computer-based Provider Order Entry (CPOE) [1]. While there have been several excellent
articles describing impressive improvements in patient safety, decreases in patient costs due
to decreases in redundant laboratory testing, and increased compliance with quality of care
guidelines [see 2 for an excellent review of this literature], there have also been several articles
describing significant negative, and often unanticipated occurrences that our research group
along with others have identified [e.g., 3,4,5,6,8].

After extensive reflection on these so-called “unintended” or “unanticipated” findings and
subsequent conversations with various clinical informatics experts, we began to question
whether the “unintended” or “unanticipated” consequences that we had identified were perhaps
already known and expected by others in the field and routinely communicated throughout
their organizations prior to any CPOE implementations. In an attempt to determine what
“average” clinicians were expecting to occur in organizations that were about to implement
CPOE for the first time, or one that was about to experience a significant system upgrade, we
conducted open-ended, semi-structured interviews with clinicians at three community
hospitals. This manuscript reports on the results of these interviews.

Background
Identification of the Unintended Consequences of CPOE—Over the past three years
the Provider Order Entry Team (POET) research group has been funded by the National Library
of Medicine to study the “Unintended Consequences of Computer-based Provider Order
Entry.” Towards that end, we convened a group of 15 experts in clinical informatics for a two-
day meeting in May, 2004 at the Menucha Retreat Center outside Portland, OR to help us better
understand the types of events, emotions, and process changes that often occur following CPOE
implementations. The findings from this meeting included a list of 80 unintended consequences
along with suggestions on how to identify additional consequences within other organizations.
We took the findings from this meeting out into the field to see if we could confirm them and
learn more. We visited five organizations that have been using their CPOE systems for more
than 2 years and are fully operational, that is capturing over 90% of all medical orders (i.e.,
medications, laboratory and radiology tests, nursing actions, ancillary procedures, etc.) directly
from physicians [7. While all of these sites could be classified as “successful,” they all faced
significant struggles during the long and arduous implementation process. Therefore, we were
able to capture ideas, concepts, and plans that worked, as well as those that failed at all of these
institutions. We interviewed numerous individuals at each site. In addition we conducted many
hours of observation on the clinical units. Based on our analysis of these data, we identified
nine main categories of “unintended” or “unanticipated” consequences [8] (see Table 1.).

Rapid Ethnographic Assessment Methods—As a way to begin exploring the utility of
this assessment method for the evaluation of clinical information systems, we developed a short
interview guide (see Fig. 1) that we customized (i.e., changing the name of the organization
and the names used to refer to their clinical information system) for each site. The survey, with
questions based on the categories of unintended consequences we had previously identified,
was a form of a rapid behavioral survey of key stakeholders. Rapid assessment using a mix of
qualitative and quantitative methods has been used effectively in the public health arena to
develop and evaluate intervention programs for nutrition in primary health care [9] and HIV/
AIDS [10]. Researchers use this method for rapidly sizing up a situation and offering results
and insights to those inside the organization so that they can take action. Also called quick
ethnography [11], rapid assessment is a way of expeditiously gathering, analyzing, and
interpreting high quality field data so that action can be taken as rapidly as possible. Classic
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ethnography can take too long (e.g., often more than one year) to be of practical, timely use
for these fast-paced and rapidly changing programs. Therefore, the goals of these methods are
to rapidly assess a situation and plan an intervention based on the particular context. The reason
the assessment can be expedited is that it consistently utilizes structured tools across field sites
at the same time participant observation and more in-depth interviews are yielding additional
high quality data. The data are then triangulated in a structured manner during analysis. Tools
for data collection include 1) site inventories, 2) ethnographies, or studying a small group of
people in their own environment, 3) focus groups, 4) rapid behavioral surveys, 5) stakeholder
interviews, and 6) evaluation forms. This manuscript describes our use of an open-ended, semi-
structured, orally administered survey of clinicians in three organizations about to begin large-
scale CPOE implementations.

The Survey Sites—The following sections describe each of the three hospitals we surveyed.
Each hospital was at a slightly different stage in the CPOE implementation pathway. One
organization had begun rolling out their CPOE system on one small clinical unit. A second
organization was in the early, pre-CPOE phase (i.e., Admit - Discharge - Transfer (ADT),
billing and patient tracking, but no CPOE) of their roll-out. The third organization was within
2 months of their planned go-live date. All of the clinicians at each of these sites had extensive
exposure to various forms of clinical information systems over the past several years, in
addition to an extensive pre-CPOE communication program. All sites were implementing high-
quality [12], full-featured, integrated, commercially available CPOE systems (i.e., CPOE
systems created by Epic Systems, Madison, WI, McKesson, San Francisco, CA and Eclipsys,
Boca Raton, FL).

El Camino Hospital, Mountain View, CA—El Camino Hospital is a 395-bed community
hospital serving the Mountain View, CA area; the heart of the “Silicon Valley.” The hospital
first implemented the Lockheed system (then Technicon Data Systems, Alltel, and now
Eclipsys, Boca Raton, FL) in the 1970's [13] and have the longest continuously operational
CPOE system in the world. At the time of the survey described in this article they were less
than two months away from a planned hospital-wide upgrade to the new Eclipsys Sunrise
system (version 3.5) [14. This upgrade from a thirty-year-old, character-based (40 characters
× 22 lines per screen), conversational-style interface in which all potential user-selectable
options are clearly visible on each screen to a state-of-the-art Windows-based application with
a high-resolution (1024×768 pixel display) graphical user interface that utilizes many of the
currently available data entry and display widgets (e.g., drop-down lists, check boxes, nested
hierarchical menus, etc.).

Kaiser Permanente, Sunnyside Hospital, Portland, OR—Kaiser Permanente's
Sunnyside hospital is a 196-bed community hospital serving Kaiser Permanente, Northwest
members in the greater Portland metropolitan area. While most of the clinicians have extensive
experience with their highly successful ambulatory care clinical information system (Epic
Systems, Madison, WI) [15], the only clinical application in use in the hospital is an older,
mainframe-based clinical results review application that relies on a character-based menu
interface to provide clinicians with access to a patient's clinical laboratory and radiology results.
At the time of this survey, Sunnyside hospital had just “gone live” with phase I (Admission/
Discharge/Transfer, new inpatient pharmacy, hospital billing, and Emergency Department
tracking systems, all from Epic Systems) of their in-patient clinical information system roll-
out and were approximately four months away from the planned hospital-wide roll-out of their
CPOE system.

Portland Providence Medical Center, Portland, OR—Portland Providence hospital is
a 483-bed, community hospital serving the Portland metropolitan area. At the time of this
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survey, they were approximately four months into a CPOE pilot on their rehabilitation unit,
with plans to begin a phased roll-out to the rest of the in-patient clinical units over the next two
years. They are implementing McKesson's Horizon Expert Orders CPOE system (McKesson,
San Francisco, CA) that is based on the system developed at Vanderbilt University over the
past 10 years [16].

METHODS
Following Institutional Review Board approval of the study at Oregon Health & Science
University (OHSU), Kaiser Permanente Northwest, and each study site, we created an open-
ended, semi-structured interview survey template that we customized for each organization.
This survey was designed to be administered orally to clinicians and take approximately five
minutes to complete, although we did not stop any clinician from discussing the topics in greater
depth, if they desired. We administered the survey to clinicians within each organization at
common gathering places - a true “convenience” sample [17]. For example, at Kaiser
Permanente we approached clinicians in the cafeteria. At El Camino, we interviewed clinicians
in their computer training facility. At Providence, where many of the clinicians are community-
based, a member of the clinical information system staff helped us identify clinicians in and
around the cafeteria, since many were in regular “street” clothes rather than the “white coats”
and “scrubs” that we encountered at the other institutions. All survey responses were
transcribed for data analysis.

All members of the POET research team participated in data analysis. We analyzed each set
of surveys from an organization independently and created a summary of the responses. These
summaries were fed back to the Principal Investigator at each site to 1) help him better
understand his organization's current state of CPOE anticipation, and 2) provide member
checking [18] to validate our interpretations. We combined all of the site-specific summaries
to help us make more general, and hopefully transferable, statements about average clinicians'
anticipation of the consequences of CPOE

RESULTS
The Survey

We interviewed a total of 83 clinicians: 31 physicians, 31 nurses, and 21 allied health
professionals at the three sites. There were no large differences in the clinical training of the
interviewees within professional categories, years of professional experience, age, or gender
among the sites. In addition, all of the clinicians at each site were familiar with basic clinical
computing features and functions such as patient lookup, clinical results review, email, and
Internet access. To preserve the anonymity of the interviewees from each site and because the
answers to the questions were fairly consistent across sites (i.e., there were not any significant
themes that were observed at only one site), we report the answers to each question in aggregate.

All but two respondents had at least heard about the upcoming CPOE implementation at their
organization. Less than one fourth (25%) of the interviewees had tested or been trained on the
systems. In general, interviewees recognized that the new CPOE systems would initially slow
them down since there would be a “learning curve” associated with the new system. There
were very few openly hostile or negative comments about the impending system
implementation.

When asked how the new system might compare to the current system, almost all respondents
were able to articulate multiple perceived advantages, including increased legibility, reduced
time to find charts, less paper, improved communication, and an overall improvement in patient
safety. Most interviewees were also able to describe multiple disadvantages of the new system
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including: more difficult to use (i.e., More work/new work from our list of Unintended Adverse
Consequences, see Table 1), long learning curve (Never ending demands), more frustrating
(Emotions), and worries about technical issues such as downtime procedures (Overdependence
on technology). When asked about the perceived effect of the new system on other clinicians
within the organization, the interviewees' responses varied from cautiously optimistic to quite
pessimistic. The comments ranged from anticipated improvement in communication among
departments (Communication) to concerns about more work (More work/New work), to
worries about physicians taking their frustrations out on nurses (Emotions/Power). One
respondent even mentioned a potential “showdown” between physicians and nurses (Power).

In response to the question about the perceived effect of the new system on patients and patient
care, many interviewees recognized that any patient effect would result from the effects or
process changes experienced by the clinicians rather than direct effects to the patients. Overall,
interviewees thought the new CPOE system would improve patient care following the difficult
implementation period. Specifically, they mentioned that care would be more streamlined,
faster, and less error prone.

When asked about the perceived effect of the system on the organization as a whole, many
interviewees stated that it would improve the perception of the organization in the community
and perhaps save the organization money. Another broadly held opinion was that the impending
change was inevitable based on their experiences in other information intensive service
industries (e.g., retail sales, restaurants, airline travel, banking, etc.) and that health care
institutions could no longer defer the adoption of this new technology if they are to remain
competitive.

Our final question regarding “what the future of CPOE at each particular organization might
look like” was difficult for respondents to separate from our earlier questions. Respondents
simply reiterated answers from earlier questions therefore we were not able to answer this
question.

The Report to CPOE Leadership
Following the analysis of the findings from the surveys we created and presented an
individualized report to each of the three sites. This report served as a form of internal validation
of our findings in addition to informing the CIOs about the state of preparedness of the
clinicians within their organization. The overall state of preparedness of the clinicians at each
site was judged based on a consensus of the subjective opinions of the POET research team.
This consensus was reached during a debriefing session immediately following the multi-day
site visit during which we administered and then analyzed the survey data, interviewed many
clinicians, and carried out many different participant observation sessions.

DISCUSSION
Survey Results

While our study participants were able to describe articulately both advantages and
disadvantages of their impending CPOE roll-out, there were only a few instances in which
these clinicians identified any of the “unintended” or “unanticipated” consequences that we
have identified in our previous research (Table 1). Based on our small convenience sample of
clinicians at these three community hospital sites, it appears that clinicians recognize that
during the transition period, many work processes will take longer and that there will be some
new work on their part as they become accustomed to the new system. None of our interviewees
mentioned that the new system would continue to slow them down after the initial learning
period (as we and others [8,19] have found at multiple CPOE implementation sites). In addition,
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many clinicians were worried about how they would take care of patients if/when the system
went down. This fits into our “Overdependence on technology” unintended consequence
category. No one mentioned that the system might cause “New kinds of errors” which we and
others [3,4,5,8] have seen and documented at many different CPOE implementation sites.
Further, none of the interviewees mentioned that the new system might have a detrimental
impact on communication. In fact, many thought that the new system would improve
communication. While we believe that certain types of communication are improved with the
implementation of CPOE (e.g., interdepartmental communication of orders), we have also seen
significant negative effects on clinical communication due to 1) clinicians remotely entering
orders that are not completely understood or acted upon in a timely manner, 2) changes in
clinical decisions following rounds that are not clearly explained or clearly communicated by
the new orders, and 3) failure on the part of nurses to recognize that “new” orders are present
for a certain patient.

In addition, only one person from the three organizations mentioned that they anticipated any
changes in the power structure of the organization. We have observed many instances in which
“CPOE enables shifts in power related to work redistribution and safety initiatives and causes
a perceived loss of control and autonomy by clinicians.” [20]

In summary, the clinicians we interviewed had a realistic view of the impact that CPOE would
have on them and their peers. They understood both the upsides and the downsides of CPOE
and even seemed to have a long-term perspective, acknowledging that there could be a positive
payoff at the end of the long learning curve. They did not indicate that they were aware of
many of the unintended consequences of CPOE implementation that we have identified, but
they were surprisingly well informed about CPOE in general.

Study Limitations
When compared to a highly powered, randomly controlled clinical trial, there are too many
limitations to mention. On the other hand, when an entire field is at a very early stage in our
understanding of the basic scientific and organizational questions that we must begin
addressing if we are to continue improving our implementations of such complex, socio-
technical projects as CPOE, then these limitations can be placed in their proper perspective.
For example, the selection of the 3 study sites was purely due to chance since we were looking
for healthcare organizations that were about to go live with new CPOE implementations.
Likewise, our decision to use a convenience sampling strategy within each organization was
based solely on our need to identify quickly a relatively small group of clinicians to interview.
Both of these decisions may have resulted in a biased sample of clinicians, but without spending
an inordinate amount of time and effort to insure a truly representative sample of clinicians,
we could not identify a better approach.

Report Feedback
The open-ended, semi-structured survey succeeded in helping the clinical information
technology leadership within each organization better understand the state of preparedness of
their clinicians. The CPOE leaders to whom we communicated the survey results were very
positive and appreciative of our work. All of them were relieved that their pre-implementation
communication strategies were for the most part very successful. By successful, they meant
that clinicians throughout their organization had received and understood their messages
regarding the impending CPOE implementation. They had sensed that their clinicians had a
“realistic appraisal” of the new CPOE product (that is, they held neither overly positive nor
negative feelings about the system), but these results validated their feelings. In addition, they
were glad that clinicians recognized that there would be a difficult transition period that would
hopefully improve rather quickly. Implementation leaders were most concerned that something
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dramatic might happen leading to a “massive outcry” that might “stop the project right away.”
Because predicting the future impacts of technology on human behavior is a notoriously
difficult problem [21] and one should never assume that something that has happened in the
past cannot happen again [22] or again [23], the results of this survey were somewhat
comforting to the leaders. On the other hand, we found very little evidence that either the
clinicians we interviewed or the CIOs were preparing for, or even aware of the possibility of,
the vast majority of the unintended consequences that we have identified repeatedly during our
work at multiple organizations with long-standing CPOE implementations [24]. This finding
led us to develop the recommendations in the final section.

In one organization we found that clinicians were fearful there would not be enough computers.
In that case, we discussed what we felt was a need for far more computing devices in the clinical
areas. We were reassured that more devices had been ordered and were scheduled to arrive and
be available before the go-live. To this reply, we suggested that the CIO try to communicate
this message to the clinical staff as a way of reducing their anxiety. At another site, they decided
to delay their CPOE implementation soon after our results were in, although it did not appear
that the report of our survey results played a major role in that decision.

Recommendations to increase awareness of unintended consequences of CPOE
After further discussions among POET team members, participants from the Menucha retreat
[25,26], and additional discussions with our key contacts at each of the three study sites, we
developed the following recommendations. These recommendations are designed to help
CPOE implementers increase awareness of, and begin putting into place the necessary
strategies to help their organizations overcome, or at least ameliorate, the unintended
consequences that we have previously identified.

1. Develop and execute a sound organizational change management plan with the help
of clinicians [27]. “The level of change involved with CPOE is much greater than
hospitals have faced in the past, and success requires that the organization become
expert at accomplishing and sustaining change.” [31]

2. Be willing to learn about and address issues of unintended consequences that have
occurred elsewhere [28]. In addition to reading as many of the reports of CPOE
implementations that have appeared in the literature as possible [29], we believe that
organizations interested in implementing CPOE make a few site visits to organizations
similar to theirs who have successfully implemented a similar CPOE system. More
often than not there are specific lessons that can be learned from these projects [30].

3. Clinicians must be deeply involved in the selection and implementation process.
CPOE must not be an information technology department led project. Rather, it must
be a clinically driven project chosen to meet one or more of the organization's highest
level strategic goals, for example, to improve patient safety or overall quality of care
[31]. If the project is not clinically driven, it will be difficult to obtain enough clinician
input to avoid many of the workflow -related unintended consequences.

4. Communication about the upcoming CPOE implementation must come from
individuals who can speak the languages of both technology and clinical workers.
Hire good people with knowledge and experience in clinical, information technology,
project management, and clinical informatics areas and if possible, people with
experience implementing these types of complex clinical information systems in other
organizations [32]. Without input and participation from experts in all of these areas
who can talk to the users, many readily identifiable and preventable consequences
will arise that have the potential to derail the entire project.
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5. Provide adequate opportunities for all clinicians to be trained in and to experience
using the new clinical information system before its deployment. Many organizations
require that all clinicians complete a minimum amount of training before they are
authorized to login to the live system and enter an order. While this may seem rather
draconian, usage of new systems is especially problematic for clinicians without
formal training. In addition, each clinical unit should conduct multiple walk-throughs,
or dress rehearsals, with all key clinical and administrative personnel of all key clinical
and administrative processes that will involve the CPOE system. For example,
physicians should practice writing orders on a newly admitted patient or create the
orders for discharge medications while nurses should practice acknowledging the
existence of each new order and creating a work list or charting their actions using
the medication administration record [30].

6. Develop and test downtime and system reactivation procedures. The act of thinking
through what will be required to continue to care for patients when the computer
system is unavailable will help clinicians to see the enormity of the workflow changes
that will occur following CPOE implementation [33]. Assure users that processes will
be in place so that system downtime can be well managed [34].

Update on the sites studied
Over the past several months, Providence Medical Center has experienced a successful CPOE
rollout (i.e., they have activated additional clinical units without any major setbacks) although
El Camino Hospital has acknowledged some new medication errors due to problems with their
order verification and audit procedures and general unhappiness amongst the clinical staff
[35]. The CPOE rollout at Kaiser Permanente, Sunnyside was delayed until late 2007 or early
2008 for financial reasons.

CONCLUSION
The open-ended, semi-structured survey instrument proved useful in helping CPOE leaders to
understand user perceptions and predictions about CPOE, and it also exposed issues about
which more communication is needed. Our findings did not reveal any overly negative, critical,
problematic, or striking sets of circumstances at any of the three organizations, which greatly
relieved all of the CPOE site leaders. But from the standpoint of our unintended adverse
consequences, we only found a few clinicians who predicted more than a small proportion of
unintended or unanticipated events, emotions, and process changes that are likely to result from
their CPOE implementation. Using the survey, implementation strategies, and management
techniques outlined in this paper, any CIO or CMIO should be able to adequately assess their
organization's CPOE readiness, make the necessary mid-course corrections, and be prepared
to deal with the currently identified unintended consequences of CPOE should they occur.
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Figure 1.
Customized version of the stakeholder survey used at Kaiser Permanente, Sunnyside Hospital.
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Figure 2.
Graph showing relative frequency of occurrance of unintended adverse consequences.
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Table 1
A list of the unintended consequences and their frequency of occurrence as identified in previous research efforts
[Error! Bookmark not defined.].

Unintended Adverse Consequences
(UACs)

Description of UACs Frequency
(%) n = 324

More/new work for clinicians CPOE systems create new work, e.g.,: (a) enter new information; (b) respond
to excessive alerts that may contain non-helpful information; or (c) expend
extra time in completing non-routine, complex orders.

19.8

Workflow issues If CPOE designers have not considered the entire range of workflows, the
system cannot accommodate comprehensive, fully integrated clinical
processes.

17.6

Never ending system demands Caused by periodic hardware and software (e.g., upgrades) purchases,
implementation and training tasks, and maintenance issues.

14.8

Paper persistence Paper becomes a portable, disposable, computer output display medium for
quick reference use during the workday as well as a place for temporary,
handwritten data storage for later entry into the computer.

10.8

Changes in communication patterns &
practices

Doctors, nurses and ancillary providers report that CPOE causes
unsatisfactory reductions in face-to-face communication regarding patient
care.

10.1

Emotions Shifting from paper-based order generation to CPOE is bound to evoke strong
emotional responses as users struggle to adapt to the new technology.

7.7

New kinds of errors Errors can result from: problematic electronic data presentations; confusing
order option presentations and selection methods; inappropriate text entries;
misunderstandings related to test, training, and production versions of the
system; and workflow process mismatches.

7.1

Changes in the power structure CPOE system configurations control who may do what (and when) through
the use of clinical, role-based authorizations. While narrowly defined
authorizations may lead to much needed role standardizations that reduce
unnecessary clinical variations, the constraints may also redistribute work in
unexpected ways, causing frustration.

6.8

Overdependence on technology As CPOE diffuses and becomes entrenched within organizations, clinical care
delivery becomes inextricably dependent upon it. System failures increasingly
wreak havoc. Embedding clinical decision support within CPOE systems
increases clinicians' access to educational material and may adversely affect
learning and retention.

5.2
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