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successful CPOE implementation. The “super users” were employed and had been trained by the
facility, which was feasible in that the expense for a consulting firm could be costly. However,
these physicians or nurses were taken away from their usual practices or duties, and placed a
strain on other providers or nursing staff. Therefore, the costs of utilizing staff within the
organization or an outside consulting agency were both expensive (Simon et al., 2013). The
ASHP (2011) guidelines suggested the importance of training and employing a group of “super
users” to support the initial implementation, to assist in improving CPOE for the facility, and to
serve as a link to medical staff and other departments.

Trends in CPOE usage

In order to identify literature related to trends in CPOE usage, a literature search was
conducted using the keywords “trends” and “CPOE” and “hospitals” These keywords were
entered into MEDLINE®, PubMed®, EBSCOhost, CINAHL®, ProQuest, and Cochrane Library
databases. The search was limited to articles published from 2010 to 2015, presented in full text,
peer reviewed, in academic journals, and written in the English language, which resulted in 117
articles. These articles were reviewed by screening of the abstracts for relevancy, and fourteen
articles were selected for this literature review.

Health information technology in general, and CPOE specifically, has been shown to
improve quality and safety of patient care by reducing medical errors and ADEs (Charles et al.,
2014; Coustasse et al., 2013; Riedman et al., 2011) and has demonstrated the capability of
improved efficiency and cost savings through interoperability and functionality (Vermeulen,
2014; Zhivan & Diana, 2012). Medication errors and ADEs increase costs to healthcare
institutions, but CPOE implementation is also expensive; however, CPOE can create savings and

thus is cost-effective (Vermeulen et al., 2014). In the U.S., the anticipated increase in CPOE
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implementation from 2009 through 2015 has been projected to save as much as $133 million
(Nuckols et al., 2015). Healthcare institutions that employ information technology have
demonstrated improved financial performance (Palacio, 2010; Spaulding & Raghus, 2013). With
these facts in mind, plus federal government financial incentives, plus motivation to avoid
reimbursement penalties, most healthcare institutions have implemented or are pursing
implementation. In 2009, only 1.5 percent of hospitals had a comprehensive EHR system, in
which all clinical units possessed the system capable of performing 24 specific functions, and
less than ten percent of hospitals had an EHR system on at least one clinical unit (Silow-Carroll
etal., 2012). In the two years that followed, by 2011, the number of hospitals with EHR doubled,
and by March 2012 many eligible hospitals earned meaningful use payments totaling over $3
billion (Silow-Carroll et al., 2012). In the same time period, the number of certified EHR
vendors increased from sixty to more than one thousand (Sittig & Singh, 2012). By 2015, 85% of
hospitals plan to institute meaningful-use capable EHR (Silow-Carroll et al., 2012).
Implementation of CPOE is most difficult for smaller hospitals with limited capital and small IT
departments (Charles, 2014). Efficient and user-friendly EHRs have been shown to help attract
providers and nurses and have been shown to improve staff retention (Silow-Carroll et al., 2012).
While a benefit of health information technology is to improve patient safety, there are
substantial and unexpected risks resulting from the use of EHRs, such as misunderstanding
medication orders, lab values not appearing to alert the provider of recent lab values or redundant
orders, the option to write in free-text although the system does not recognize the entered text,
and the confusing display of recent orders (Vartian, Singh, DeBakey, Russo, & Sittig, 2014).
These risks are quickly coming to light at a time of rapid EHR development (Sittig & Singh,

2012). Sittig & Singh (2012) propose EHR-specific patient-safety goals to ensure hardware and
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software function appropriately, that the technology is appropriately used and not misused, and
that safety issues are identified before harming patients (Sittig & Singh, 2012). Providers often
express concerns about the unintended consequences of new errors caused by EHRs. Again,
Love et al. (2012) reported that 30% of providers believe EHRs create new opportunities for
error, a clear majority (98%) believe EHR prevents more errors than it causes.

Vartian et al. (2014) developed and tested a CPOE “safety self-assessment” guide in
order to improve the safety of EHR and to evaluate and improve the growing safety concerns of
CPOE. The development of the SAFER guides was to facilitate practical self-assessment in order
to construct system resilience around EHR safety. The SAFER guide was field tested with chief
medical informatics officers (CMIOs) at nine different medical facilities, ranging from 85 to
1,100 beds and varying between pediatric, tertiary, and acute-care facilities, in eight states of the
U.S. Once the guide was completed and returned, a follow-up phone call was made for any
additional comments regarding the guide.

The field test concluded that the hospital chief medical informatics officers (CMIOs) had
different opinions on what establishes safe and effective CPOE usage. The findings from this
study emphasized the importance of continued education on EHR updates and the best practices
as the growth of EHR proceeds. One barrier to implementing the guide was the lack of dedicated
informatics personnel at small community hospitals. However, the other comments were positive
in that the guide provided confidence that, in their facility, the best practices were being used to
improve safety of CPOE. Also, the guide was felt to be useful for annual reassessment of CPOE.

The CPOE field test revealed feedback that could be valuable to improve the future
adoption and usefulness of the CPOE guide. The development and the field testing of the SAFER

CPOE self-assessment guide were determined to be feasible. The researchers emphasized that
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the CMIOs must be knowledgeable regarding EHR and CPOE and what constitutes the best
practices of CPOE safety at their facility.

Trends in CPOE are tracked internally by healthcare organizations and externally by
organizations such as Leapfrog and Health Care Information and Management Systems Society
(HIMSS). The Leapfrog group is a national nonprofit overseer of data that is collected by U.S.
hospitals. The Leapfrog group advocates for improved quality and safety for all individuals. This
information is shared with the public and healthcare purchasers (Leapfrog Group, 2014). The
HIMSS is also a not-for-profit organization that monitors the health information technology (IT)
globally. HIMSS attempts to optimize health engagements and health care outcomes utilizing IT
(HIMSS, n.d.).

Framework

In this translational research project, the Technology Acceptance Model (TAM) was
selected as a framework because it relates providers’ beliefs and attitudes to the adoption of
computer technology. The TAM relates the two variables of “perceived usefulness” and
“perceived ease of use” to effect “attitude toward using” and thus increases “actual system use”
(Davis, 1989; Smith, Grant, & Ramirez, 2014). The “perceived usefulness” is defined as the
belief that one can improve his or her job performance using a specific system. The “perceived
ease of use” is defined as the belief that using a specific system requires a low degree of effort.
The “perceived usefulness” and the “perceived ease of use” are instrumental in the providers’
beliefs and attitudes influencing their intention to adopt computer technology (Davis, 1989;
Smith, Grant, & Ramirez, 2014). The TAM, as depicted in Figure 1, demonstrates that the
motivation of the user to use the system is influenced by three factors: (1) perceived usefulness,

(2) perceived ease of use, and (3) attitude toward using the system (Davis, 1989).
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Figure 1. Technology Acceptance Model (TAM), (Davis, 1989)

As noted in the review by Holden & Karsh (2010), the TAM has been tested in over
twenty healthcare studies, and dozens of empirical and theoretic health information technology
(HIT) studies have mentioned the TAM theory. The TAM has also been used in many studies
extensively in a variety of countries. In HIT, this model is favored to evaluate clinicians’ use of
computerized provider order entry (CPOE) and the electronic medical record (EMR). A study
conducted by Smith, Grant, & Ramirez (2014) reported that HIT studies have applied the TAM
to evaluate the acceptance of new technology.

Although the uses of this model have made some progress toward understanding the
factors that contribute to the acceptance of new technology, there are still gaps in healthcare
delivery that need to be explored. In addition, there are concerns regarding providers’ resistance
to change, due to the perceived threats and risks associated with health information technology.
The TAM enables the researcher to evaluate the providers’ resistance to CPOE usage and the
perceived threat. These findings indicate that increased psychological attachment through
increased sense of knowledge of psychological ownership can decrease the negative conclusions

of perceived danger, risk, and resistance behaviors, and thereby increase provider acceptance.
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Therefore, the involvement of the provider in the design, development, and implementation of
the system will have positive influence on utilization of the system by that provider (Smith,
Grant, & Ramirez, 2014).
Conclusion

In summary, this literature review has determined that the primary barriers to CPOE use
by providers and hospitals are concerns regarding disruption of workflow; anxiety, fear, and
resistance to change; large time commitment and cost of training; complexity and lack of
efficiency of the system; high implementation and maintenance costs, poor
interoperability/interfacing with other systems; and potential for introduction of new errors. The
interventions identified by this literature review to improve CPOE implementation and usage
include establishment of system interoperability, pre-implementation preparation with full and
active involvement of clinicians, thorough provider and staff training with provider champions
and one-on-one assistance, strong provider leadership, well-functioning hardware and software
with positive workflow capability, post-implementation maintenance, and adequate IT support.
Because CPOE can improve quality and safety of patient care by reducing medical errors and
ADEs, can improve efficiency, and is cost effective, the national trend is for a clear majority of
hospitals to implement CPOE, motivated additionally by financial incentives and desires to avoid
reimbursement penalties. Unintended errors of CPOE are being identified and addressed. The
TAM model suggests that reducing barriers to CPOE use, primarily by real-time assistance by a
CPOE facilitator, will increase perceived usefulness and perceived ease of use, thereby

increasing CPOE utilization.
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Chapter 111
Methodology

This chapter provides the details of how this translational research project was conducted.
The purpose of this project was to increase CPOE medication order usage. In an effort to
accomplish this goal, the behaviors of the providers regarding CPOE barriers to usage were
evaluated. The technology acceptance model (TAM) guided this researcher in identifying the
providers’ behaviors related to CPOE usage. This chapter includes the following: project design,
setting, sample, data collection, institutional approval and human rights protection,
implementation, data analysis plan and for research.
Project Design

This quality improvement study was conducted in a community hospital by utilizing a
pre-test and post-test design in order to improving CPOE medication order entry usage. The
intervention included the CPOE facilitator who was available on the patient care units twelve
hours per week for eight weeks in order to assist providers with CPOE. Prior to the
implementation of the intervention, participants were recruited at the monthly medical staff
meeting. The medical staff meetings are held on the second Monday of every month at 7:00 pm.
A 15-minute presentation introducing the translational research project was given, followed by
time for questions by the medical staff. Informed consent was obtained for protection of human
subjects (Appendix A). The survey questions and informed consent were passed out in a brown
manila envelope, and completed by those who wished to participate, then sealed and placed in a
locked box in the provider’s lounge by the participant. The survey questions from this study were

used to measure CPOE end-user satisfaction for this translational research project.
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This researcher served as the CPOE facilitator for this project. The researcher’s
professional background consisted of being a staff nurse for twenty-five years and, most recently,
a nurse practitioner for four years, all at this community hospital. The Meditech computer system
has been in use at this facility for several years, and the implementation of CPOE occurred in
2013. This researcher acquired Meditech familiarity and CPOE skills through these roles as a
staff nurse and as a provider. Past experience with this EHR and CPOE systems was helpful,
allowing easy and quick navigation within the system. Additionally, the understanding of the
time and workflow constraints of a provider proved valuable. The support of the IT department
for troubleshooting proved helpful during the study period. Additionally, this researcher’s
experience with the Meditech and CPOE systems was an added benefit in resolving issues for
both the nurses and the providers. The facilitator was able to offer positive reinforcement to the
providers, model facility protocols, problem solve, seek resources, and collaborate with the
different departments within the facility.

The researcher accrued a small cost that averaged seventy dollars for paper supplies, ink,
and travel time. The facility or the providers did not accrue any fees during the intervention
period. The providers volunteered to participate and were grateful for the assistance. This
researcher donned the Georgia College and State University lab jacket during the intervention to
avoid role confusion with the staff and the providers. The researcher did not receive any
compensation and the intervention times were planned around the providers’ work schedules to
avoid any confusion or conflict. Of course, employing a full-time individual who is familiar with
the facility and has clinical experience, who is familiar with the EHR and CPOE systems, and

who is respected by and has a good rapport with administration, the nursing staff, and the
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providers would incur the cost of salary and benefits of an experienced full-time employee and
take that individual away from other clinical duties.
Setting

The setting for this study is a 119-bed community hospital located in rural central
Georgia. There are twenty-six providers who have admission privileges at this facility, ranging in
age from 29 to 68 years, and ranging in years of practice from one to forty. The provider practice
spectrum ranges from family practice and internal medicine to various surgical specialties. This
facility implemented CPOE in 2013. The problem prior to this project was that the CPOE
medication order usage rate was low at 45.4%. CMS meaningful use thresholds require that
CPOE medication order usage rates meet or exceed 60%, or the facility would not receive
financial incentives and would incur reimbursement penalties.
Sample

Participants in this study were providers who practice at this community hospital.
Inclusion criteria included providers who have hospital admission privileges, which consisted of
family practice, internal medicine, general surgery, orthopedics, women’s health, urology, and
anesthesiology. Exclusion criteria included providers who do not have admission privileges or do
not provide care to patients in the hospital setting.
Data Collection

For this project, the POEUSUS survey instrument (Appendix B) was chosen to measure
end-user satisfaction with CPOE. The author of the POEUSUS, Dr. Fiona Lee, granted
permission for this tool to be used by the researcher for this study (Appendix C). The survey
instrument consists of two parts. Part one includes questions 1 to 16, in which the participants are

asked to rate their overall satisfaction with CPOE and their assessment of the system, including
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speed and ease of use, adequacy of training, and its effect on productivity and on patient care.
Also included in part one are questions 17 to 24, in which the participants are asked to choose
specific system features which they utilize and to rate the usefulness of these features, including
items related to order sets, templates, and reasons for ordering a specific test, procedure, or
treatment. These questions are measured on a seven-point Likert scale. Also, this section
includes two opened-ended questions regarding perceptions of the benefits of CPOE and
suggestions for system improvements. Part two contains demographic information regarding the
provider’s gender, age, specialty, years of practice, attendance at a CPOE training session, and
experience with personal computers.

Originally developed in the research by Lee, Teich, Spurr & Bates (1996), the
POEUSUS questionnaire was administered at Brigham and Women’s Hospital (BWH) in Boston,
a 720-bed facility that was part of the Harvard Medical School. Part one, questions one through
sixteen, measured the providers’ satisfaction with CPOE, and questions seventeen through
twenty-five measured specific features that the providers used, all measured on a 7-point Likert
scale. The initial sixteen questions measuring user satisfaction had a high reliability (Cronbach’s
o = 0.85). The validity of the self-reported questions seventeen through twenty-five could not be
measured in this study. It was recommended by the author that the validity of the actual usage
frequency data should be measured in future studies (Lee et al., 1996). Cronbach’s alpha is a
measure used to assess internal consistency. The high reliability demonstrates that the survey
was repeated at two different occasions with similar outcomes reported. Construct validity
measures the abstract concept of end-user satisfaction. This is demonstrated when the instrument
is measuring the same concept each time it is utilized (Hoonakker & Carayon, 2007; Hoonakker

et al., 2010).
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Since the original POEUSUS of Lee et al. (1996), this instrument has been used and
modified in other studies to measure provider satisfaction with CPOE. The study by Wilson,
Bulatao, & Rascati (2000) was conducted to assess user satisfaction with provider order-entry at
two military hospitals with a decade-old, fully integrated medical information system. The
internal consistency measuring the survey questions was Cronbach’s o = 0.86. The authors did
not address the validity of the instrument in this study. Hoonakker & Carayon (2010) examined
eight instruments to determine the optimal tool to measure CPOE implementation in healthcare
institutions. The goal was to determine which questionnaire would meet the criteria in choosing a
valid and reliable questionnaire to measure end-user satisfaction utilizing CPOE. Based on the
original study by Lee et al. (1996) showing a high reliability (Cronbach’s o = 0.85) and
discriminant validity, and based on the study by Wilson et al. (2000) replicating the high
reliability and adding the possibility for benchmarking, Hoonakker et al. (2010) chose the
POEUSUS. Modifying the original POEUSU somewhat, Hoonakker et al. (2010) used this
instrument in a study and recommended the POEUSUS based on its strength and appropriateness
for comparing the end result of CPOE usage.

The reliability of the POEUSUS used for this translational research project was
Cronbach’s o = 0.814 pre-intervention and Cronbach’s o = 0.816 post-intervention. This
demonstrates that this survey instrument is highly reliable for measuring provider satisfaction
with CPOE. The validity of the tool was not measured in this study nor in the original study
conducted by Lee et al. (1996).

Institutional Approval and Human Rights Protection
The CEO of the study facility (Appendix D) and the institutional review board at Georgia

College and State University (Appendix E) approved this study. The participants were recruited
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at a monthly medical staff meeting, and the providers who were not in attendance were
approached individually about participating in the study. Those providers agreeing to participate
were asked to complete the informed consent in duplicate and the POEUSUS pre-intervention
questionnaire, which was placed in a brown manila envelope and sealed by the participant prior
to the intervention. The participation in this study was voluntary.

Implementation

The CPOE facilitator was available on the patient care units three hours a day, four days
a week, during the eight-week intervention period. The CPOE facilitator was available for
questions, real-time assistance, and troubleshooting CPOE problems. After each episode of
assistance from the CPOE facilitator, the participant was asked to complete a short survey
regarding the level of satisfaction with the assistance provided by the CPOE facilitator. The
participant then placed the survey into a locked box that was available on the nursing unit. At the
conclusion of the eight-week intervention, the participants were asked to complete the
POEUSUS post-intervention questionnaire.

The hospital HIT department receives CPOE usage statistics from an outsourced
company. These CPOE usage rates were determined for each participating provider on a weekly
for the eight-week interval before the intervention, for the eight-week intervention period, and
for the eight-week interval after the intervention.

Data Analysis Plan

The Statistical Packages for the Social Sciences® (SPSS) for Windows, Version 22, was
used for statistical analysis. The data were examined for missing data. Cleaning of the data was
performed to assess for outliers. Descriptive statistics were used for nominal and ordinal data.

Data Analysis for Research Questions
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Clinical question 1: Will the providers use the services of a CPOE facilitator for real-
time assistance on the patient care units?

The CPOE facilitator logged each encounter with each participant by a unique provider
number and recorded the date and duration of assistance provided. Descriptive statistics were
used to report the data to answer this clinical question.

Clinical question 2: What type of assistance with CPOE will providers request of the
CPOE facilitator?

In order to answer this clinical question, the CPOE facilitator log, which recorded the
type of assistance provided to each provider at each assistance session, was utilized. The data
were reported by descriptive statistics with frequencies.

Clinical question 3: Is there an improvement in CPOE satisfaction after the intervention?

The responses to the POEUSUS questions one through sixteen were used to answer this
clinical question, and were rated by the providers on a 7-point Likert scale, with 1 (never) and 7
(always). Questions 3,6,10, and 11 were negatively worded and were reversed coded during the
data analysis. The data were analyzed with a paired samples t-test.

Clinical question 4: What do providers like most about order entry?

The open-ended POEUSUS question 25 asked, “What is one thing you like most about
order entry?” Content analysis categorized the responses, and the data were reported by
descriptive frequencies to answer this clinical question.

Clinical question 5: What would providers change about order entry?

The open-ended POEUSUS question 26 asked, “What is one thing you would do to
change order entry?” Content analysis categorized the responses, and the data were reported by

descriptive frequencies to answer this clinical question.
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Clinical question 6: What is the actual CPOE medication order usage of providers
before, during, and after the intervention?

The providers’ CPOE medication order usages for the eight-week interval prior to the
intervention, for the eight weeks during the intervention period, and for the eight-week interval
after the intervention were provided by the HIS department. The data were reported by
descriptive statistics with frequencies.

Clinical question 7: What is the relationship between provider age and CPOE
satisfaction and medication order usage?

The data were determined by the POEUSUS demographics section of the pre-
intervention questionnaire and questions 1-16 of the pre-intervention and post-intervention
questionnaires, as well as by HIS department CPOE usage data. The Pearson’s r statistical test to
measure correlations was performed after determination that the data was normally distributed.

Clinical question 8: What is the relationship between previous computer experience and
CPOE satisfaction and medication order usage?

The data were determined by the POEUSUS demographics section of the pre-
intervention questionnaire and questions 1-16 of the pre-intervention and post-intervention
questionnaires, as well as by HIS department CPOE usage data. The Pearson’s r statistical test to
measure correlations was performed after determination that the data was normally distributed.

Clinical question 9: What is the relationship between provider specialty (surgical and
non-surgical) and CPOE satisfaction and medication order usage?

In order to statistically analyze these relationships, the specialty groups were
dichotomized in order to perform the higher-level statistical tests. The specialty groups of

surgery (general surgery, urology, orthopedics), women’s health, and anesthesiology were placed



IMPROVING PROVIDER USAGE 36

into “surgical specialties” category and the internal medicine and family practice groups were
placed into “non-surgical specialties” category. A Pearson’s chi-square test was performed to
measure the relationship between the two dichotomous independent variables.

Clinical question 10: What is the level of provider satisfaction with the assistance of the
CPOE facilitator after each assistance episode?

This data was determined by responses to the CPOE facilitator satisfaction survey
(Appendix F). After each assistance session, each provider rated the level of satisfaction with the
assistance provided by the CPOE facilitator on a 7-pint Likert scale, with 1 being “very
dissatisfied” and 7 being “very satisfied.” The level of provider satisfaction was reported as the
mean score of all surveys completed.

Chapter 4
Results
Sample Characteristics

Twenty providers participated in this study. Eighteen were physicians (90%), one was a
nurse practitioner (5%), and one was a physician assistant (5%). The mean age was 49.7 years
(SD = 12.8 years), and the mean years of practice was 19.8 years (SD = 13.2). Sixteen (80%)
were male and (20) were female. The specialties included surgical services (General, Urology,
Orthopedic) (25%), internal medicine (25%), family practice (25%), women’s health (15%), and
anesthesiology (10%). All of the participants self-rated their personal computer experience as at
least an “occasional user,” and 30% self-rated themselves as “expert user.” The majority of
participants (60%) reported attending a drop-in computer training session offered by this
institution in 2013 when the current EMR system and CPOE were implemented or received

similar CPOE training at another institution. The data were entered into SPSS® version 22 and
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the qualitative data were coded to allow for statistical analysis. The data were initially screened
for outliers, missing data, and out-of-range values.
Results for Clinical Question 1

Clinical question 1: Will the providers use the services of a CPOE facilitator for real-
time assistance on the patient care units?

The CPOE facilitator logged each encounter with each participant by a unique provider
number and recorded the date and duration of assistance provided. Descriptive statistics were
used to report the data to answer this clinical question.

The number of encounters between each participant and the facilitator ranged from one to
eleven contacts, with the median number of contacts being 5.5 sessions over the eight-week
intervention period. The total time each provider spent with the CPOE facilitator ranged from 30
to 330 minutes (M=148.5, SD=100.4). Table 1 depicts the amount of real-time assistance in
minutes during the eight-week intervention period by specialty group.

Table 1

Number of Providers in each Specialty Category and Total Time of CPOE
Facilitator Assistance (in minutes).

n (# of min?)
Surgical Services (General Surgery, 5 (900 min)
Orthopedics, and Urology)
Internal Medicine 5 (810 min)
General Practice 5 (570 min)
Women’s Health 3 (390min)
Anesthesiology 2 (300 min)

Note. n=# participants.
dminutes
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Results for Clinical Question 2

Clinical Question 2: What type of assistance with CPOE will providers request of the
CPOE facilitator?

The CPOE facilitator logged the type of assistance provided to each participant at each
encounter. Descriptive statistics with frequencies were used to report the data for this clinical
question. Table 2 depicts the assistance requested by providers during the eight-week
intervention period.

Table 2

CPOE Assistance Most Requested By Providers

Type of Assistance n (%)
Ordering of inpatient medications 12 (60%)
Discharge orders 10 (50%)
Printing and transmitting prescriptions 10 (50%)
Laboratory ordering 6 (30%)
Orders sets (pre-op, post-op, disease specific) 5 (25%)
Other® 14 (70%)

Note. n = denotes participants.
40ther represents miscellaneous requests by fewer than 5 participants.

Results for Clinical Question 3

Clinical Question 3: Is there an improvement in CPOE satisfaction after the
intervention?

The responses to the POEUSUS questions one through sixteen were used to answer this

clinical question, and were rated by the providers on a 7-point Likert scale, with 1 (never) and 7
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(always). Questions 3,6,10, and 11 were negatively worded and were reversed coded during the
data analysis. The data were analyzed by paired samples t-test. Results of this test demonstrated
a statistically significant improvement in satisfaction after the intervention, from the pre-
intervention mean of 3.68 (SD = .93) to the post-intervention mean of 4.20 (SD = .81).

Results for Clinical Question 4

Clinical Question 4: What do providers like most about order entry?

The open-ended POEUSUS question 25 asked, “What is one thing you like most about
order entry?”” Content analysis categorized the responses, and the data were reported by
descriptive frequencies to answer this clinical question. Table 3 summarizes the responses. Note
that 60% of the participants were able to identify a positive attribute.

Table 3

What Is One Thing You Like Most About Order Entry?

n (%)
Patient safety 6 (30%)
Order sets 3 (15%)
Remote ordering 2 (10%)
Legibility 1 (5%)

Note. n = # participants.
Results for Clinical Question 5

Clinical Question 5: What would providers change about order entry?

The open-ended POEUSUS question 26 asked, “What is one thing you would do to
change order entry?” Content analysis categorized the responses, and the data were reported by
descriptive frequencies to answer this clinical question. Table 4 summarizes the responses. Note

that 55% of the participants were able to make a recommendation for improvement.
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Table 4

What Is One Thing You Would Do To Change Order Entry?

n (%)
Make it more user friendly 3 (15%)
Eliminate “Pop-Ups” 3 (15%)
Simplicity/Less navigation 3 (15%)
Ability to enter admission orders at time of admission 1 (5%)
Add specialty test to order entry 1 (5%)

Note. n=#participants.
Results for Clinical Question 6

Clinical Question 6: What is the actual CPOE medication order usage of providers
before, during, and after the intervention?

The providers’ CPOE medication order usages for the eight-week interval prior to the
intervention, for the eight-weeks during the intervention period, and for the eight-week interval
after the intervention were provided by the HIS department and are displayed in Table 5.
Table 5

Actual CPOE and Total Medication Orders Pre-intervention, Intervention, Post-intervention

40

Pre-intervention 8-week intervention Post-intervention
8-weeks period 8-weeks
Total Medication 12,871 12,985 12,071

Orders
(Electronically
entered, telephone,
written, verbal,
standing orders)
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CPOE Medication 5,842 6,728 6,708
Orders
(Medication orders
entered by providers
electronically)

% CPOE Medication 45.4% 51.8% 55.6%
Orders

Figure 2 displays the weekly percent CPOE medication order usage for the eight-
week pre-intervention, eight-week intervention, and eight-week post-intervention periods.
Note that the increase in CPOE medication order usage increases throughout the

intervention period and that the increase persists, at least for eight weeks after the

intervention.
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Figure 2. Weekly Percent CPOE Medication Order Usage
Results for Clinical Question 7

Clinical question 7: What is the relationship between provider age and CPOE
satisfaction and medication order usage?

The data were determined by the POEUSUS demographics section of the pre-
intervention questionnaire and questions 1-16 of the pre-intervention and post-intervention
questionnaires, as well as by HIS department CPOE usage data. The Pearson’s r statistical test to
measure correlations was performed after determination that the data was normally distributed.

Table 6 displays the results of the correlation between the provider’s age and CPOE
satisfaction and medication order usage pre-intervention and post-intervention.

Table 6

Relationship Between Provider Age and CPOE Satisfaction and Medication Order Usage Pre-
intervention and Post-intervention

CPOE CPOE CPOE med order CPOE med order
satisfaction pre- satisfaction post-  usage percent usage percent
intervention intervention pre-intervention  post-intervention
n=20 n=20 n=20 n=20
Age r -.258 -111 -.583 -.200
p .272 643 .007* .399

Note. n=# participants, *p = .05.

Notice that there was a significant inverse relationship between age and CPOE
medication order usage pre-intervention (r = - .58). This means that the younger providers used

CPOE more often and the older providers used CPOE less often. This relationship dissipated
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after the intervention. No other statistically significant relationship was noted for age and CPOE
satisfaction and medication order usage.

Results for Clinical Question 8

Clinical question 8: What is the relationship between previous computer experience and CPOE
satisfaction and medication order usage?

The data were determined by the POEUSUS demographics section of the pre-
intervention questionnaire and questions 1-16 of the pre-intervention and post-intervention
questionnaires, as well as by HIS department CPOE usage data. The Pearson’s r statistical test to
measure correlations was performed after determination that the data was normally distributed.

Table 7 displays the results of the correlation between the provider’s level of computer
experience and CPOE satisfaction and medication order usage pre-intervention and post-
intervention.

Table 7

Relationship Between Provider Computer Experience and CPOE Satisfaction and Medication
Order Usage Pre-intervention and Post-intervention

CPOE CPOE CPOE med order CPOE med order
satisfaction pre- satisfaction post-  usage percent usage percent
intervention intervention pre-intervention  post-intervention
n=20 n=20 n=20 n=20
Computer r .224 .083 451 .362
Experience
p .342 728 .046* 117

Note. n=# participants, *p = .05.

Notice that there was a significant positive relationship between computer experience and

CPOE medication order usage pre-intervention (r = .45), meaning that the providers with more
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prior computer experience used CPOE more often, pre-intervention. This relationship dissipated
after the intervention. No other statistically significant relationship was noted for computer
experience and CPOE satisfaction and medication order usage.

Results for Clinical Question 9

Clinical question 9: What is the relationship between provider specialty (surgical and
non-surgical) and CPOE satisfaction and medication order usage?

In order to statistically analyze these relationships, the specialty groups were
dichotomized in order to perform the higher-level statistical tests. The specialty groups of
surgery (general surgery, urology, orthopedics), women’s health, and anesthesiology were placed
into “surgical specialties” category and the internal medicine and family practice groups were
placed into “non-surgical specialties” category. A Pearson’s chi-square test was performed to
measure the relationship between the two dichotomous independent variables. Table 8 displays
the results of testing of the relationships between the two specialty categories and CPOE
satisfaction pre-intervention, and table 9 displays the results of testing of the relationships
between the two specialty categories and CPOE medication order usage pre-intervention. The
statistical tests results for pre-intervention data, as shown, and statistical tests results for post-
intervention data all reveal no significant relationships between these specialty categories and
CPOE satisfaction and medication order usage.

Table 8

The relationship between provider specialty and CPOE satisfaction pre-intervention

Specialty

Surgical Non-surgical

Pre-intervention CPOE Low 61.5% 38.5%
satisfaction
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Pre-intervention CPOE High 28.6% 71.4%
satisfaction

Note. Pearson Chi-Square x?(1) =1.978,p =.160
Table 9

The relationship between provider specialty and CPOE medication order usage pre-intervention

Specialty
Surgical Non-surgical
CPOE medication Low 63.6% 36.4%
order usage (<200/8 weeks)
pre-intervention
CPOE medication High 33.3% 66.7%

order usage (>200/8 weeks)
pre-intervention

Note. Pearson Chi-Square x?(1) = 1.818,p =.178

Results for Clinical Question 10

Clinical question 10: What is the level of provider satisfaction with the assistance of the
CPOE facilitator after each assistance episode?

After each session of assistance by the CPOE facilitator, the provider was presented with
the CPOE facilitator survey to rate the level of satisfaction with the assistance provided by the
CPOE facilitator on a 7-point Likert scale with 1 being “very dissatisfied” and 7 being “very
satisfied.” On the 99 completed surveys, the mean satisfaction score was 6.94 (SD=0.22) on the
7-point scale.

Chapter V
Discussion
The purpose of this quality improvement project was to improve CPOE utilization among

providers within this community hospital by implementing a CPOE facilitator on the patient care



IMPROVING PROVIDER USAGE 46

units for twelve hours each week for eight weeks to assist providers with CPOE use. Successful
improvement in CPOE utilization at this facility could improve patient safety and quality of care
by decreasing medical errors and adverse drug events, eliminating illegible handwriting, and
reducing errors in order transcription. Additionally, increased CPOE usage could expedite the
timeliness of treatment, decrease redundant orders, and decrease healthcare costs at this
community hospital.

The first specific aim of this project was to implement the use of a CPOE facilitator to
offer real-time assistance on the patient care units. During the eight-week period, providers did
avail themselves of the assistance by the facilitator on the patient care units. Each provider
received at least one assistance session, with the median number of sessions being 5.5 over the
eight-week intervention period. The CPOE facilitator was flexible and available for providers in
the early morning during peak patient rounds and late in the evening after office hours. Most of
the providers’ times were limited, particularly during morning patient rounds. The CPOE
facilitator was highly utilized in the hospital setting and at times would be called during normal
working hours to assist providers who were having difficulty with entering orders in CPOE.

The types of real-time assistance provided by the CPOE facilitator included help with the
patient admission medication reconciliation, routine medication ordering, and the discharge
medication process. The discharge process was one of the major challenges for most providers.
The discharge process was complex and the providers would forget the steps involved to
discharge a patient. Often, the providers would then revert to paper orders, which would create
more steps for nursing and pharmacy, lose the benefits of CPOE, and reduce CPOE rates.

Another type of assistance included help with existing order sets and templates, as well a

developing new order sets. This was problematic for the provider due to the order sets not being
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easily accessible and difficult to locate in the CPOE system. Also, building and customizing
personal provider specialty order sets and templates required collaboration with HIS and the
pharmacy staff and was the single most time consuming type of assistance.

The second specific aim of this project was to identify CPOE user satisfaction and
medication order usage both before and after the implementation of a CPOE facilitator. This
project demonstrated a statistically significant improvement in provider CPOE satisfaction
subsequent to the eight-week intervention. The literature supports the increase in provider CPOE
satisfaction by the provision of real-time assistance on patient care units by a facilitator (Allenet
etal., 2011, Yuietal., 2012).

The aspects of CPOE that providers liked most were improvement in patient safety,
availability of order sets, allowance for remote ordering, and improvement in legibility. The
aspects of CPOE that the providers recommended changing were to make it more user friendly,
eliminate “pop-ups,” create simplicity with less navigation, and improve ability to enter
admission orders at the time of admission.

The actual CPOE medication order usage of providers did increase during and after the
intervention, from 45.4% CPOE medication order usage during the eight-week pre-intervention
period, to 51.8% CPOE medication order usage during the eight-week intervention period, to
55.6% CPOE medication order usage during the eight-week post-intervention period. The
increase in CPOE medication order usage increased throughout the intervention period,
and the increase persisted, at least for eight weeks after the intervention. While the CPOE
usage still did not reach the 60% CMS threshold for meaningful use, this was improvement
nonetheless, and after a relatively short eight-week intervention. Perhaps a longer intervention

would not only lead to statistically significant improvement but also would meet the meaningful
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use threshold. The literature supports improvement in CPOE utilization rates by virtue of the
provision of real-time assistance to providers by a facilitator (Allenet et al., 2011, Yui et al.,
2012).

The third specific aim of this project was to examine the relationships between the
provider characteristics of age, previous computer experience, and specialty, and CPOE
satisfaction and medication order usage. Two statistically significant relationships were
identified. Not surprisingly, provider age was inversely related to CPOE usage pre-intervention,
meaning that the younger providers used CPOE more often and the older providers used CPOE
less often. However, this relationship dissipated post-intervention, as the older providers
increased their CPOE usage. Secondly, and also not surprisingly, prior computer experience was
positively related to CPOE usage pre-intervention. This too dissipated post-intervention as the
entire sample became more comfortable with CPOE usage.

The fourth specific aim of this project was to assess the satisfaction of the providers after
the assistance from the CPOE facilitator. The majority of the providers selected “very satisfied”
with the real-time assistance of the CPOE facilitator on the patient care units. Some of the
providers expressed gratitude and were pleased with the assistance of the CPOE facilitator. Also,
the CPOE facilitator acted as a liaison between the providers and nursing, pharmacy, and the
HIT departments. The providers found it helpful that the facilitator was able to collaborate with
the other departments to resolve order entry issues, including special or personalized order sets
requests by the providers. The CPOE facilitator also assisted the providers with ordering routine
medications, transmitting prescriptions to the patients’ preferred pharmacy, and printing
medication prescriptions for the controlled medications.

Strengths of the Study
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The strengths of the study included that a majority of the providers at this facility who
met inclusion criteria were willing to participate in the study. The providers and nursing staff
welcomed the support and expressed appreciation for the assistance of the CPOE facilitator on
the patient care units. The nurses were very supportive and would often call the CPOE facilitator
to come assist the providers who were having difficulty. Another strength of this study is the
likely similarity that this institution has with other rural community hospitals.

Limitations of the Study

The limitations of this study included the small sample size of only twenty providers and
the short duration of the intervention of only eight weeks. Additionally, when having any degree
of difficulty with CPOE, some providers would become frustrated and, rather than calling the
CPOE facilitator for assistance, often would revert to the paper system. This process was easier
for the provider, but time-consuming for the primary nurse and the pharmacist. The hybrid
system (written orders and CPOE orders concurrently) affects clinical workflow, delays
treatment for the patient, and may impact patient safety, as well as reduces CPOE rates.

Implications for Future Research

Future research to determine if a CPOE facilitator’s impact on CPOE satisfaction and
usage will impact patient outcomes would require a longer intervention period, even as long as
six months or more, as well as a larger sample size. The new concept of single sign-on
technology to decrease the need for providers to separately login to each computer terminal each
time the EMR is used would be helpful, although there is limited research to determine its
effectiveness in a rural community hospital. Research to improve the medication reconciliation
process on admission and on discharge would be beneficial in preventing medication errors,

reducing delays in treatment, and improving patient outcomes.
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Recommendations

The full-time position of a CPOE facilitator within smaller hospitals to offer real-time
assistance on the patient care units would be beneficial in increasing CPOE satisfaction and
usage, thus realizing the benefits of CPOE. Because providers often forget steps in the CPOE
process, it would be helpful to display a laminated card at each provider station, with step-by-
step process for ordering medications during the admission and discharge process, as well as a
contact number for assistance with CPOE problems.

Conclusion

The healthcare industry is now faced with the balance between instituting computerized
technology and providing safe, high quality, efficient, and lower cost patient care. CPOE has
been shown to improve patient safety and quality of patient care by reducing preventable medical
errors and decreasing ADEs, and at the same time may be cost-effective and thus lower
healthcare costs. The literature review has identified that the primary barriers to CPOE use by
providers and hospitals are concerns regarding disruption of workflow; anxiety, fear, and
resistance to change; large time commitment and cost of training; complexity and lack of
efficiency of the system; high implementation and maintenance costs; poor
interoperability/interfacing with other systems; and potential for introduction of new errors. The
interventions identified by the literature review to improve CPOE implementation and usage
include establishment of system interoperability, pre-implementation preparation with full and
active involvement of clinicians, thorough provider and staff training with provider champions
and one-on-one assistance, strong provider leadership, well-functioning hardware and software
with positive workflow capability, post-implementation maintenance, and adequate IT support.

The national trend is for a clear majority of hospitals to implement CPOE in order to realize the
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improvement in quality and safety of patient care by reduction of medical errors and ADEs,
improvement in efficiency, and cost-effectiveness. Additionally, the implementation of a CPOE
system in hospitals and private practices is motivated by financial incentives and the desire to
avoid reimbursement penalties. Unintended errors of CPOE are being identified and addressed.

The purpose of this quality improvement project was to improve CPOE utilization among
providers within a community hospital by utilizing the physician order entry user satisfaction and
usage survey (POEUSUS) to identify barriers to the utilization of CPOE and employing the
technology acceptance model (TAM) and the provision of a CPOE facilitator on each patient
care unit for twelve hours per week for eight weeks. This project was the first study at this
facility to evaluate and improve CPOE usage among providers since its implementation in early
2013.

This project established that providers would accept real-time assistance on the patient
care units from a CPOE facilitator on a variety of CPOE tasks. CPOE satisfaction among
providers improved after the intervention. Providers generally recognized the benefits of CPOE,
specifically improvement in patient safety, availability of order sets, allowance for remote
ordering, and improvement in legibility. The aspects of CPOE that the providers recommended
changing were to make it more user- friendly, eliminate “pop-ups,” create simplicity with less
navigation, and improve ability to enter admission orders at the time of admission.

The actual CPOE medication order usage of providers did increase, from 45.4% CPOE
medication order usage during the eight-week pre-intervention period to 55.6% CPOE
medication order usage during the eight-week post-intervention period. While the CPOE usage
still did not reach the 60% CMS threshold for meaningful use, this was improvement nonetheless,

and after a relatively short eight-week intervention.
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Appendix A

Informed Consent

, agree to participate in the

research Improving Computerized Provider Order Entry Usage in a Community Hospital,

which is being conducted by Tammie Williams who can be reached at 770-468-3774. |
understand that my participation is voluntary; | can withdraw my consent at any time. If |
withdraw my consent, my data will not be used as part of the study and will be destroyed.

The following points have been explained to me:

1. The purpose of this quality improvement project is to improve computerized provider
order entry (CPOE) utilization among providers.

2. The procedures are as follows: you will be asked to complete a pre and post questionnaire.
Then during the study period the willing participants will complete a short survey after
each episode of assistance by the CPOE facilitator.

3. You will not list your name on the questionnaire or the CPOE facilitator survey.
Therefore, the information gathered will be confidential.

4. You will be asked to sign two identical consent forms. You must return one form to the
investigator before the study begins, and you may keep the other consent form for your
records.

5. You are not likely to experience physical, psychological, social, or legal risks beyond
those ordinarily encountered in daily life or during the performance of routine
examinations or tests by participating in this study.

6. Your individual responses will be confidential and will not be released in any
individually identifiable form without your prior consent unless required by law.

7. The investigator will answer any further questions about the research (see above
telephone number).

8. In addition to the above, further information, including a full explanation of the purpose
of this research, will be provided at the completion of the research project on request

Signature of Investigator Date

Signature of Participant Date

Research at Georgia College involving human participants is carried out under the oversight of
the Institutional Review Board. Address questions or problems regarding these activities to Dr.
Tsu-Ming Chiang, GC IRB Chair, CBX 090, GC, email: irb@gcsu.edu; phone: (478) 445-0863.
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Appendix B

Survey Instrument

Physician Order Entry User Satisfaction and Usage Survey

Part1

Based on your experience, please indicate whether the following statements about order entry are
true.

Write a number in the blank beside each statement, based on the following scale:

1 2 3 4 5 6 7
Never It varies Always

1. The order entry system is reliable - - it does its job consistently.

2. Order entry improves my productivity.

3. Order entry has a negative impact on patient care.

4. Order entry reduces patient care errors.

5. The order entry system is easy to use.

6. Compared to paper ordering, order entry slows me down.

7. Order entry gives me the information I need to write better orders.
8. I feel that I had adequate training on order entry.

9. Order entry improves the quality of patient care.

10. System response time on order entry is slow.

11. When I have a problem with order entry, I just ask someone for help.
12.1feel that I can benefit from refresher classes on order entry.

13. When I need help on order entry, [ can find it.

14. Displaying charges for ancillary tests affected the tests I order.
15. Displaying charges for ancillary test annoying.

16. Overall, I am satisfied with the orders entry system.

Questions 17 to 24 ask you about specific features in order entry. Please put a check next to features
you use, and indicate whether you find them useful by circling on the scale:

Not useful at all It varies

Extremely useful

. 17. “Protocol” ordering 1 2 3 4 5 6 7
. 18. Order sets and templates 1 2 3 4 5 6 7
- 19. Personal sets 1 2 3 4 5 6 7
. 20. ICU templates 1 2 3 4 5 6 7
o 21. Preadmission orders 1 2 3 4 5 6 7
_ 22. Displaying charges for ancillary tests 1 2 3 4 5 6 7
o 23. Writing orders from off the floor 1 2 3 4 5 6 7
- 24. Choice of reasons for X-rays 1 2 3 4 5 6 7
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25. What is the one thing you like most about order entry?

65

26. If there is one thing you could change about order entry to make it better, what would it be?

Part 2

Your responses are completely anonymous, but we would like to ask you questions about who you
are:

1. Gender: Female Male
2. Age
3. Specialty: Family practice Internal medicine___ General surgery ___ Orthopedics

Urology___ Pediatrics___ Women'’s health Anesthesiology_ Wound Healing Center

4. How long have you been practicing in your specialty years.
5. Did you attend the drop-in training sessions for order entry? __ Yes __ No

6. How much experience do you have with using personal computers? (circle one number)

1 2 3 4 5 6 7

I never use it Occasional user [ am a regular

and expert user

Thank you very much for your time!
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Appendix C

Permission to Use Survey Instrument
On Apr 6, 2015, at 1:58 PM, Fiona Lee <fionalee@umich.edu> wrote:
Hi Tammie, yes, please feel free to use that survey and modify it as needed. Please let

me know if there is anything else | can do to help with your research. | will interested in
learning about your findings when you are done. Good luck with your work, Fiona
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Appendix D

Statement of Mutual Agreement

) UPSON _ smnemmme o

% Regional Medical Center THOMASTON, GEORGIA 30286 706-647-8111

April 8, 2015

Debbie Greene, PhD, RN, CNE

Assistant Director, Undergraduate Programs, School of Nursing
College of Health Sciences

Georgia College and State University

Campus Box 063

Milledgeville, Georgia 31061

Dear Dr. Greene,

I am writing this letter in support of Tammie Williams, NP. Over the past thirty years, Ms.
Williams has been an excellent employee and she is proving to be a great asset to the Hospital
Medicine Program as a nurse practitioner.

I am excited about her pursuit of her Doctoral Degree in Nursing from Georgia College and
Health University and | am in complete support of her research project. Computerized Physician
Order Entry (CPOE) has been a challenge to most hospitals, physicians, and mid-level providers.
Hopefully. her research efforts will identify current barriers, demonstrate the value of a resource
individual and improve our CPOE usage rate for Meaningful Use Data.

If you have any questions about my endorsement of her research project, please do not hesitate to
contact me.

2O

—  David Castlcberry
Chief Executive Officer
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Appendix E

Institutional Review Board Approval Letter

GEORGIA e oot

Office of Academic Affairs
COLLEGE : irb{@gesu.edu

hitp://www.gcsu.edufirb

18892014

DATE: 2015-086-29

TO: Tammie Ann Williams

FROM: Tsu-Ming Chiang, Ph.D. Chair of Georgia College Institution Review Board
RE: Your IRB protocol 2107 is Approved for 2015-06-29 - 2016-06-29

Dear Tammie Ann Williams,

The proposal you submitted, “Improving Computerized Provider Order Entry Usage in a
Community Hospital,” has been granted approval by the Georgia College Institutional
Review Board. You may proceed but are responsible for complying with all stipulations
described under the Code of Federal Relationship 45 CFR 46 (Protection of Human
Subjects). This document can be obtained from the following address:

http:/iwww.hhs.goviohrp/humansubjects/quidance/4 5cfrd6.html

The approval pericd is for one year, starting from the date of approval. After that time, an
extension may be requested. It is your responsibility to notify this committee of any
changes to the study or any problems that occur. You are to provide the committee with a
summary statement. Please use the IRB Portal (hitps:/firb-portal.gesu.edu/) to request an
extension, report changes, or report the completion of your study.

Finally, on behalf of IRB, we would appreciate your time to fill out a short survey (click the
link below) to provide us with feedback. Best wishes for your study.

https://docs.google.com/forms/d/1iWX9nbaZkyxlLaT8PEvLSIOB1LriG
|_GraNSXXafT2kiviewform?c=08w=18&usp=mail form_link

Sincerely,

Tsu-Ming Chiang, Ph.D.
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Appendix F
CPOE Facilitator Survey
Please rate your level of satisfaction with the assistance provided by the CPOE facilitator.

Please rate your responses on the 7-point Likert scale.

1 2 3 4 5 6 7
Very Neither satisfied Very
Dissatisfied nor dissatisfied Satisfied

Comments




IMPROVING PROVIDER USAGE

Appendix G

Committee Member Approval Form

Doctor of Nursing Practice Translational Research and Clinical Project
Dissemination Approval Form

Student Name: Tammie Williams

Student Signature: ; A
Methods of Dissemination proposed by student:
October Monthly Medical Staff Meeting

GNLC Doctoral Symposium November 14, 2015
Submit Research Study for Publication

Approved:

Committee ChairName:_ Debbae _ Greene PhD gl CNE

Committee Chair Signature: &J&M CW |
Commitice Member Name: S an dva D (:Q,G(_‘M DNP RN, [FNP-PC (a5, BC
Committee Member Signature: MMMJ

Committee Member Name: _ U 20k \S}v-u bysa— RN, msh, CPHRM, CHO

Committee Member Signature: &Ja?mm‘m;a@_mm

Date: § /23/15
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