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Purpose/Objectives: To measure the effect of clinical decision support (CDS) on oncology
nurse evidence-based practice (EBP).

Design: Longitudinal cluster-randomized design.
Setting: Four distinctly separate oncology clinics associated with an academic medical center.

Sample: The study sample was comprised of randomly selected data elements from the
nursing documentation software. The data elements were patient-reported symptoms
and the associated nurse interventions. The total sample observations were 600, derived
from a baseline, posteducation, and postintervention sample of 200 each (100 in the
intervention group and 100 in the control group for each sample).

Methods: The cluster design was used to support randomization of the study intervention at
the clinic level rather than the individual participant level to reduce possible diffusion of the
study intervention. An elongated data collection cycle (11 weeks) controlled for temporary
increases in nurse EBP related to the education or CDS intervention.

Main Research Variables: The dependent variable was the nurse evidence-based docu-
mentation rate, calculated from the nurse-documented interventions. The independent
variable was the CDS added to the nursing documentation software.

Findings: The average EBP rate at baseline for the control and intervention groups was 27%.
After education, the average EBP rate increased to 37%, and then decreased to 26% in the
postintervention sample. Mixed-model linear statistical analysis revealed no significant inter-
action of group by sample. The CDS intervention did not result in an increase in nurse EBP.

Conclusions: EBP education increased nurse EBP documentation rates significantly but
only temporarily. Nurses may have used evidence in practice but may not have documented
their interventions.

Implications for Nursing: More research is needed to understand the complex relationship
between CDS, nursing practice, and nursing EBP intervention documentation. CDS may
have a different effect on nurse EBP, physician EBP, and other medical professional EBP.

o achieve the best patient outcomes, meet patient expectations, and
achieve government mandates for improving patient outcomes and
increasing the quality of health care, integrating the highest level of
evidence into practice is integral (Berner, 2009; Health and Medicine Di-
vision of the National Academies of Sciences, Engineering, and Medicine
[HMD], 2012; Mitchell, Beck, Hood, Moore, & Tanner, 2007). Clinical decision sup-
port (CDS) is an intervention specifically designed to increase evidence-based
practice (EBP) integration by displaying pertinent evidence when healthcare
professionals and patients make healthcare decisions (Brokel, 2009). Healthcare
organizations can implement CDS in various ways, depending on technology
capabilities. CDS can be provided via email or paper reminders and also can
be placed in computerized physician order entry or documentation software.
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Research demonstrates that CDS is most effective
when embedded in software and displayed during de-
cision making (Brokel, 2009). Specifically, CDS should
provide the right information, for the right person, in
the right format, at the right time, in the right elec-
tronic medium (Berner, 2009; Brokel, 2009; Osheroff,
2010). According to Anitha and Rajagopalan (2011),
CDS improves the quality of health care. The Health
Information Technology for Economic and Clinical
Health (HITECH) Act and the HMD (2012) report rec-
ommend implementing CDS and other technologies to
assist clinicians in delivering high-quality health care
and minimizing medical errors.

Notwithstanding the mandates and expectations
for EBP and the availability of evidence-based
interventions for symptom management, research
suggests that oncology nurse EBP rates are less
than 50% (Saca-Hazboun, 2009). Abundant literature
during the past 20 years describes barriers limiting
nursing EBP and variables influencing EBP (Burns &
Grove, 2011; Carlson & Plonczynski, 2008; Marchionni
& Ritchie, 2008). HITECH certification requires some
use of CDS, but research is inconsistent on the effects
of CDS on nursing practice (Ash et al., 2012). Bryan
and Boren (2008) postulated that the inconsistency
in findings was related to poor technology implemen-
tation.

As CDSS will likely continue to be at the forefront
of the march toward effective standards-based
care, more work needs to be done to determine
effective implementation strategies for the use of
CDSS across multiple settings and patient popula-
tions. (p. 79)

A literature review on CDS was conducted to pro-
vide a foundation for determining the method and de-
sign for the current study. Berner (2009) recommend-
ed implementing CDS at the point of practitioner and
patient decision making. Others have recommended
that CDS contain only the most critical information for
the decision-making process (Bauldoff, Kirkpatrick,
Sheets, Mays, & Curran, 2008; Bryan & Boren, 2008;
Baysari, Westbrook, Braithwaite, & Day, 2011). Davis
and Pavur (2011) conducted a systematic review and
found that CDS enhanced EBP rates in a clinic setting.
Anitha and Rajagopalan (2011) implemented CDS in
the electronic health record at the point of decision
making and found increased EBP and increased qual-
ity of patient care in an outpatient medical clinic. Bry-
an and Boren (2008) conducted a systematic review of
CDS and found that, of the 17 studies included in the
review, 9 showed that CDS increased EBP, 4 had vari-
able results, and 4 showed that CDS did not improve
EBP. Anchala et al. (2012) conducted a meta-analysis
of cluster CDS and found an insignificant effect of CDS.
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Gurwitz et al. (2008) conducted a cluster randomized,
controlled trial and found no significant difference
between the control group and the intervention
group using CDS. Hemens et al. (2011) conducted a
systematic review and found that CDS improved EBP
in 37 of 59 studies. Davis and Pavur (2011) and Dulko,
Hertz, Julien, Beck, and Mooney (2010) recommended
coupling audit and feedback interventions with judi-
cious CDS implementation to support increased EBP.
No published research has examined the influence
of CDS on oncology nursing EBP. The purpose of this
research was to test for an increase in evidence-based
nursing intervention documentation after implemen-
tation of CDS in the nursing electronic documentation
software. Specifically, this research measured the dif-
ference in nursing EBP rates with and without CDS.

Methods

Using the evidence from the literature reviewed,
the design of the current study included CDS in the
form of drop-down boxes to offer nurses the most
critical evidence-based information at the time of
patient—clinician decision making. To isolate and test
the effect of the CDS, the design of the current study
excluded other influencing variables such as audit
and feedback. This cluster randomized trial tested if
the low oncology nurse EBP rate, as documented by
Saca-Hazboun (2009), was influenced by lack of access
to evidence-based interventions during nurse—patient
interactions.

This cluster randomized trial design was used to
determine the effect of CDS on nurse EBP. The study
intervention (CDS) was randomly assigned by clinic
rather than by individual nurse to reduce diffusion
of the study intervention. Two oncology clinics
were clustered in the control group, and two clinics
were in the intervention group. The outcome was
individual nurses’ documentation of evidence-based
interventions. The hypothesis was that oncology
nurses would show an increase in the use of EBP after
using CDS as compared to a control group without
CDS. The study intervention appeared when the nurse
in the intervention group documented a symptom
prompting the nurse to have a conversation with the
patient about the evidence-based interventions for
that symptom. The nurse EBP rate was measured
in a randomly selected sample of records within
the three data collection periods. The current study
contained five phases: a baseline sample, education,
a posteducation sample, study intervention imple-
mentation, and a postintervention sample. This study
was approved by the institutional review board of the
Vanderbilt University Medical Center in Nashville,
Tennessee.
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Setting

The research was conducted in four adult oncol-
ogy clinics associated with the Vanderbilt University
Medical Center. The study sample included a small
percentage of the available patient records during
the date range for each sample period. All four clinics
were outpatient cancer infusion clinics in four sepa-
rate locations as many as 20 miles apart. The control
group had 24 nurses and the intervention group had
26 for a total of 50 nurses. All nurses in the control
and intervention groups used the same electronic
documentation software. The CDS drop-down boxes
were configured to display EBP information for inter-
vention clinic nurses and not for control clinic nurses.

Sample

A total of 600 nurse interventions associated with
one of the four patient-reported symptoms (constipa-
tion, diarrhea, fatigue, and pain) were extracted from
the electronic data warehouse (EDW). The inclusion
criteria were: (a) the first reported symptom during
the sample period for constipation, diarrhea, fatigue,
and/or pain; (b) the encounter occurred during one
of the two-week sample periods (baseline, postedu-
cation, and postintervention); and (c) the encounter
was associated with one of the approved Interna-
tional Classification of Diseases—9 cancer diagnoses.
Two hundred interventions were randomly selected
from all of the encounters meeting the inclusion
criteria within each of the study periods (100 from
the control clinics and 100 from the intervention
clinics). The diverse nature of patients, nurses, and
organizational culture in the different clinics grouped
together in two clusters supports generalization of
the study results.

Data Collection

All sample data were randomly selected from the
EDW using the inclusion and exclusion criteria. Each
sample was drawn from a two-week sampling period.
The nursing EBP rate was manually coded by a single
investigator, and each data point was reviewed on two
separate occasions to verify accuracy.

Intervention

The study intervention was CDS in the form of
drop-down boxes created from the Oncology Nursing
Society (ONS) Putting Evidence Into Practice (PEP)
guidelines for four cancer-related symptoms.

During the past decade, ONS has developed PEP
evidence-based guidelines to manage common symp-
toms experienced by patients during and after cancer
treatment. The PEP guidelines have become standard
oncology nursing practice in the United States (Go-
bel, Beck, & O’Leary, 2006). The PEP guidelines are
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organized by symptom and contain interventions
that are divided into three categories and six levels
of evidence. The three categories are arranged similar
to the colors in a traffic light. Interventions based on
evidence in green are the highest level of evidence.
Interventions based on evidence in yellow signify cau-
tion and the mid-evidence level. Interventions based
on evidence in red signify that the evidence level is
low or not recommended for practice.

The two levels of evidence in the green category
are “recommended for practice” and “likely to be
effective.” The two levels of evidence in the yellow
category are “benefits balanced with harm” and “ef-
fectiveness not established.” The two levels of evi-
dence in the red category are “effectiveness unlikely”
and “not recommended for practice.” The study
intervention (CDS in the form of evidence-based
drop-down boxes) displayed interventions that were
taken from the PEP interventions in the green and
yellow categories.

When the nurse documented one of the four symp-
toms, the CDS with recommended interventions
appeared adjacent to the symptom. The CDS pro-
vided the intervention group nurses with a one-click,
evidence-based documentation option. The CDS was
configured in the documentation system to appear
exactly the same way every time the nurse charted
one of the four symptoms (constipation, diarrhea,
fatigue, and pain) so the fidelity of the CDS was
maintained.

Procedure

After the baseline sample was collected, education
on the PEP interventions for constipation, diarrhea,
fatigue, and pain was conducted with the nurses
in both groups. This comprised a brief (60-minute)
education session delivered live during staff meet-
ings. This education was provided to ensure that all
nurses working in both groups were familiar with
the PEP guidelines for the four selected symptoms.
All nurses received the same education. In addition,
the intervention group nurses received 10 minutes of
technical instruction on the CDS drop-down boxes.

After completing the education, the second sample
(posteducation) was collected for a two-week date
range using the same criteria as was used for the
baseline sample. Subsequently, the CDS intervention
was implemented in the intervention clinics. During
the seven-week CDS implementation period, nurses
in the control group documented interventions using
free text in an open text field. The final data sample
was collected following the seven-week CDS imple-
mentation period, again using the same criteria as
was used for the previous two samples.
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Data Analysis

Frequency distributions were conducted in SPSS®,
version 21.0, to summarize nurse demographic charac-
teristics and generate nurse EBP rates for each of the
three samples: baseline (200 observations), postedu-
cation (200 observations), and postintervention (200
observations). Chi-square tests of independence were
used to test for differences in demographic character-
istics between the two study groups. Individual nurses
were not identified in the current study. Mixed-level
general linear modeling analysis was used because
nurses practicing within clinics were assumed to prac-
tice similarly and the standard errors used for testing
study hypotheses needed to be adjusted for this lack
of independence. According to Abad, Litiére, and Mo-
lenberghs (2010), statistical analysis such as the mixed
model analysis required a sample size of at least 350.
A sample smaller than 350 placed the current study
at risk for a type Il error; however, a very large sample
would place it at risk for a type I error. The sample size
recommendations for mixed model analysis included
60 observations per group because one variable was a
predictor (independent) and one variable was depen-
dent, and the nested nurse group correlations were
assumed to influence statistical power (Abad et al.,
2010; Feng, McLerran, & Grizzle, 1996).

The critical statistical test of CDS effect on nursing
EBP within this analysis was the interaction of group
(control or intervention) with time of data sampling
(baseline, posteducation, and postintervention). A
probability of 0.05 (p < 0.05) was used for determining
statistical significance. A positive episode of EBP oc-
curred when a nurse documented a PEP-recommended
intervention for a related symptom.

Findings
Sample Characteristics

All nurses in the current study were chemotherapy-
certified. Other characteristics of the study sample
are summarized in Table 1. No statistically significant
demographic differences between the nurses in the
intervention and control groups were observed (p >
0.05).

Symptom Prevalence

The distributions of the included symptoms at
baseline, posteducation, and postintervention are
summarized in Table 2. The most commonly observed
symptom in each study period was fatigue (56%-61%),
followed by pain (19%-21%). No statistically signifi-
cant differences were seen in the symptom distribu-
tions between the intervention and control clinics (p >
0.05).
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Use of evidence-based practice: Summaries of the
rates within each study group at each time of assess-
ment are summarized in Table 3. The intervention
group’s EBP rate was greater than the control group
throughout the study, resulting in a statistically sig-
nificant main effect of study group (F[1, 515] = 55.14,
p < 0.001). In addition, a statistically significant main
effect of the sample was seen in that both groups in-
creased EBP rates after education and then decreased
back to or below baseline rates in the last sample
(F[2, 594] = 3.49, p = 0.031). However, no statistically
significant interaction effect was seen of the study
group and time of assessment (F[2, 593] = 1.37, p =
0.255). Therefore, education demonstrated a short-
lived increase in EBP, whereas CDS showed no posi-
tive effect on the EBP rate.

Post-hoc analyses per symptom: Prevalence of
constipation and diarrhea symptoms were low. No
statistically significant effects for the symptoms of
constipation, diarrhea, and pain were observed, other
than a main effect of group for constipation (F[1, 14] =
7.62, p = 0.016). Beginning prior to study initiation
and throughout the study, the intervention group
had higher EBP rates for constipation than those
seen in the control group (overall rates: control =
8 of 40; intervention = 19 of 41). The same pattern
as that observed for all symptoms was observed
for fatigue. In addition to the same statistically sig-
nificant main effect of study group observed prior to
the interventions and throughout the study (overall
rates: control = 16 of 153, 10%; intervention = 75 of
171, 44%; F[1, 313] = 78.27, p < 0.001), a similar main
effect of time of assessment was observed in the

TABLE 1. Sample Characteristics

Intervention Control

Characteristic (N =26) (N =24) p
Degree 0.239

BSN 17 10

LPN - 2

MSN 1 1

RN 8 11
Nursing experience 0.26

Less than five years 1 3

Five years or more 25 21
Chem_otherapy 0.084
experience

Less than five years 5 10

Five years or more 21 14
Employment? 0.174

Full-time 20 21

Part-time 6 2

2 No information for one nurse in the control group (N = 23)
BSN—bachelor of science in nursing; LPN—licensed practical
nurse; MSN—master of science in nursing
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TABLE 2. Symptom Prevalence by Study Cycle
and Group

Control Intervention

Symptom (N =100) (N =100) p
Baseline 0.406

Constipation 13 15

Diarrhea 9 8

Fatigue 47 56

Pain 31 21
Posteducation 0.986

Constipation 14 14

Diarrhea 9 10

Fatigue 52 53

Pain 25 23
Postintervention 0.763

Constipation 13 12

Diarrhea 11 8

Fatigue 54 61

Pain 22 19

analysis of all of the symptoms (F[2, 317] = 3.78, p =
0.024). Overall EBP rates for both groups combined
were 26% at baseline (27 of 103), increased to 35%
(37 of 105) after the education sessions, and dropped
back to baseline levels after the CDS (27 of 116, 23%).

Discussion

The statistically significant change in EBP rate oc-
curred in both groups after education, indicating that
the education sessions had a short-lived positive effect
on EBP rates. Contrary to the authors’ hypothesis, the
EBP rate declined after CDS was implemented in the
intervention and control groups. The results showed
that CDS did not improve the nursing EBP rate.

Although the research design contained many
recommendations from other scientists, the design
also controlled for other known support strategies to
test the effect of CDS alone on EBP. The study design
controlled for influencing variables such as audit and
feedback, managerial support, and continued nurse ed-
ucation by eliminating those variables from the study
design and study environment. The expected small
effect of CDS on nurses’ EBP in the current study may
have been exacerbated by the study design, which
intentionally excluded supportive strategies in an at-
tempt to measure the effect of CDS alone on nurse EBP.
The results of this study possibly may have shown a
small effect of CDS on EBP if the additional strategies
known to affect clinician behavior had been included.

The results of the current study demonstrated
that CDS implementation aimed at increasing EBP
needs to be combined with support strategies such
as audit and feedback (Dulko et al., 2010). Dulko et
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al. (2010) found that auditing documentation for
compliance with evidence-based interventions and
offering individual feedback on the audits improved
compliance with EBP guidelines by as much as 43%.
Additional research should include audit and feed-
back supportive strategies to improve compliance
with evidence-based guidelines.

EBP is a complex process, and no easy formula for
success exists. Human factors may play as much of
a role in CDS success as the type and design of CDS
and organizational factors (Jenkins & Calzone, 2007,
Rogers, 2004; Timmins, 2008). Grimshaw et al. (2006)
found that supportive strategies, such as reminders,
audit and feedback, and educational interventions,
increased EBP by only 10%. Mollon et al. (2009)
conducted a systematic review and found that CDS
increased EBP but noted that few high-quality studies
show improvement in patient outcomes.

The results from this research were similar to previ-
ous research in which CDS had no effect or a negative
effect on EBP (Anchala et al., 2012; Gurwitz et al.,
2008; Hemens et al., 2011). Some studies showed that
CDS increased EBP by a small effect size (Chaudhry et
al., 2006; Pearson et al., 2009; Randell, Mitchell, Dowd-
ning, Cullum, & Thompson, 2007), and some studies
reported moderate effect sizes (Cheung et al., 2012;
Damiani et al., 2010). Of note is that many of the study
designs discussed in this literature review included
additional strategies that supported or improved CDS
adoption, such as audit and feedback loops, remind-
ers, and managerial or mentor support.

The unique element in the current study is that it fo-
cused on CDS in nursing practice, and the bulk of CDS
research focuses on physician practice. In addition,
research focusing on physician practice CDS used
interventions that were considered to be an essential
element of the physician plan of care; the CDS docu-
mentation in the current research was not essential to
third-party payment or plan of care. Lastly, members
of the healthcare team use physician plan of care and
associated interventions as a guide for patient care
and communication, but the same team members may
not use the nurse documentation in the same way.

Whereas the physician CDS and associated inter-
vention documentation are integral to reimbursement
and team communication, the same is not true for on-
cology nursing documentation. Although the nurses
may have integrated evidence-based interventions
in practice, perhaps some nurses chose not to docu-
ment interventions because they perceived that the
CDS documentation did not add value to healthcare
team communications.

Rogers (2004) asserted that the process for organi-
zational and individual change focused on communi-
cation with the people who needed to change in each
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critical phase of the change process
(Jenkins & Calzone, 2007; Timmins,

TABLE 3. Evidence-Based Practice Rates by Study Cycle, Group,

: and Symptom

2008). Because coaching and other
focused communication are known to Baseline Posteducation Postintervention
influence an increase in EBP (Dulko et Symptom N n N n N n
al., 2010; Tolson, Booth, & Lowndes,
2008), those strategies were excluded All symptoms
f the study design t th Control 100 19 100 21 100 13
rom the study design to measure the o ention 100 35 100 53 100 38
effect of CDS alone on EBP. Constipation

Rogers (2004) postulated that people Control 13 4 14 3 13 1
use five personal factors to decide for ~_Intervention 15 5 14 9 12 5
or against personal behavior change: Diarrhea

X . ’ Control 9 1 9 3 11 3

relative advantage, compatibility, com- Intervention 8 3 10 3 8 3
plexity or simplicity, trialability, and  Fatigue
observability. Although the CDS in the Control a1 6 52 6 54 4
current study meets the criteria for driv- P'ari';e""e"tm" 56 21 53 31 62 23
ing change in the first four factors, the Control 31 8 25 9 22 5
fiftth factor may have been a problem. Intervention 21 6 23 9 18 7

The CDS had a clear advantage because
it offered one-click documentation

Note. If the nurse documented an evidence-based intervention, it was counted

as “yes.” If no documentation or a non-evidence intervention was docu-

(compatible and simple). Document-
ing interventions using CDS took less
time than the control group method of
documenting by manual typing (trial-
ability). The last factor was the problem
that some nurses questioned the value (observability)
of the documentation. Some nurses stated that they
believed no one would read nursing intervention
documentation.

The lack of observability may have affected the
implementation phase in which the nurse actually
used the intervention in practice but did not docu-
ment the intervention because of no perceived benefit
(Rogers, 2004). This coincides with Lewin’s theory
that the drivers for change must outweigh the driv-
ers resisting change (Doolin, Quinn, Bryant, Lyons, &
Kleinpell, 2011).

Lewin’s theory also required adding drivers that
would force a change in nursing behavior and re-
move the ability to continue old behaviors (Doolin
et al., 2011). An example of adding a driver to change
behavior in the research design is if the nurses were
required to document the evidence-based inter-
vention. The organizational policies and software
structure were not flexible enough to accommodate
these two principles in Lewin’s theory. Some nurses
may not have been motivated to change without the
organizational drivers supporting change.

HMD (2012) warned scientists that technology
solutions are a small piece of the efforts to increase
EBP and other interventions are necessary to sustain
changes in behavior. In reviewing the literature, sev-
eral studies offer explanation for the negative results
in the current research. Three key components of
the literature review were removal of technology as-
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mented, it was counted as a “no.” The total number of “yes” interventions was
divided by the total number of interventions in that category.

sociated with old non-evidence behaviors, required
behavior change to support EBP, and rapid audit
and feedback loops (Ash et al., 2012; Doolin et al.,
2011; Dulko et al., 2010; Tolson et al., 2008). The cur-
rent study excluded those strategies in an effort to
control for influencing variables. Additional research
including the supporting strategies, such as audit
and feedback, likely would produce different results.

Implications for Nursing Practice
and Research

Additional research focusing on the effect of CDS on
EBP should include support strategies for human be-
havior change. According to Gorelick (2010), providing
CDS at the point of decision making is indispensable
to achieve higher rates of EBP. The results of the
current research show that implementing CDS alone
does not increase oncology nursing EBP. Additional
research should include all of the recommendations
for CDS success (Ash et al., 2012; Berner, 2009; Osher-
off, 2010), as well as the variables supporting practice
change and EBP (Bryan & Boren, 2008; Davis & Pavur,
2011; Jenkins & Calzone, 2007; Rogers, 2004; Timmins,
2008). Additional designs should contain electronic
random sampling methods, which offer a higher level
of research rigor and render the results less biased
than the self-reported surveys.

Additional research also should include the pre-
cepts of Lewin’s theory requiring the old behaviors
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Knowledge Translation

* Additional research focusing on the effect of clinical
decision support (CDS) on evidence-based practice (EBP)
should include support strategies for human behavior
change, such as audit, feedback, and managerial support.

* Why nurses use evidence in practice but do not document
EBP integration needs to be investigated.

* CDS success is dependent on factors such as personal
nurse characteristics, organizational support, and the type
and design of CDS.

to be removed from the workflow and new behaviors
to be reinforced. Reinforcing and repeating the new
EBP behaviors converts the change into habit in daily
workflow (Schriner et al., 2010). One way to reinforce
the use of evidence-based interventions is to provide
audit and feedback for individual nurses (Dulko et al.,
2010). Design of additional research should include
implementation of drivers for nurse behavior change,
such as policies requiring nurse EBP documenta-
tion, incentives for EBP, and audit and feedback for
individual accountability (Anchala et al., 2012; Davis
& Pavur, 2011; Doolin et al., 2011; Dulko et al., 2010;
Hemens et al., 2011).

Conclusion

The results demonstrated that CDS implementation
aimed at increasing EBP is a complex process and
supportive strategies with CDS are needed to change
nurse behavior. Personal nurse characteristics,
organizational support, drivers supporting change,
external reporting requirements, the type and design
of CDS, communication about the purpose of CDS, and
connection to patient outcomes influence the success
of CDS and higher nursing EBP rates.
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