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Order set design using evidence-based medicine, quality improvement techniques,
and standardization increases the likelihood of provider order set adherence and potentially
better patient outcomes.
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n the current health care environment, hospitals are constantly challenged to improve
quality metrics and deliver better health
care outcomes. One means to achieving quality improvement is through the use of order
sets, groups of related orders that a health care
provider (HCP) can place with either a few
keystrokes or mouse clicks.1
Historically, design of order sets has largely
focused on clicking checkboxes containing
evidence-based practices. According to Bates
and colleagues and the Institute for Safe Medication Practices, incorporating evidencebased medicine (EBM) into order sets is not
by itself sufficient.2,3 Execution of proper design coupled with simplicity and provider efficiency is paramount to HCP buy-in, increased
likelihood of order set adherence, and to potentially better outcomes.
In this article, we outline advancements
in order set design. These improvements increase provider efficiency and ease of use; incorporate human factors engineering (HFE);
apply failure mode and effects analysis; and
include EBM.
METHODS

An inpatient nicotine replacement therapy
(NRT) order was developed as part of a multifaceted solution to improve tobacco cessation care at the James A. Haley Veterans’
Hospital (JAHVH) in Tampa, Florida, a complexity level 1a facility. This NRT order set
used the 4-step order set design framework
the authors’ developed (for additional information about the NRT order set, contact the
authors). We distinguish order set design
technique between 2 different inpatient NRT
order sets. The first order set in the comparison (Figure 1) is an inpatient NRT order set
of unknown origin—it is common for US
Department of Veterans Affairs (VA) medical facilities to share order sets and other re-
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sources. The second order set (Figure 2) is
an inpatient NRT order set we designed using
our 4-step process for comparison in this article. No institutional review board approval
was required as this work met criteria for
operational improvement activities exempt
from ethics review.
Justin Iannello, DO, MBA, was the team
leader and developer of the 4-step order set
design technique. The intervention team
consisted of 4 internal medicine physicians
with expertise in quality improvement and
patient safety: 1 certified professional in
patient safety and certified as a Lean Six
Sigma Black Belt; 2 physicians certified as
Lean Six Sigma Black Belts; and 1 physician certified as a Lean Six Sigma Green
Belt. Two inpatient clinical pharmacists and
1 quality management specialist also were
involved in its development.
Development of a new NRT order set was
felt to be an integral part of the tobacco cessation care delivery process. An NRT order
set perceived by users as value-added required a solution that merged EBM with
standardization and applied quality improvement principles. The result was an approach
to order set design that focused on 4 key
questions: Is the order set efficient and easy
to use/navigate? Is human factors engineering incorporated? Is failure mode and effects
analysis applied? Are evidence-based practices included?
Ease of Use and Navigation

Implementing an order set that is efficient
and easy to use or navigate seems straightforward but can be difficult to execute. Figure 1 shows many detailed options consisting
of different combinations of nicotine patches,
lozenges, and gum. Also included are oral tobacco cessation options (bupropion and varenicline). Although more options may seem
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better, confusion about appropriate medication selection can occur.
According to Heath and Heath, too many
options can result in lack of action.4 For example, Heath and Heath discuss a food store
that offered 6 free samples of different jams
on one day and 24 jams the following day.
The customers who sampled 6 different types
of jam were 10 times more likely to buy
jam. The authors concluded that the more
options available, the more difficulty a potential buyer has in deciding on a course of
action.4
In clinical situations where a HCP is using
an order set, the number of options can mean
the difference between use vs avoidance if the
choices are overwhelming. HCPs process layers of detail every day when creating differential diagnoses and treatment plans. While
that level of detail is necessary clinically, that
same level of detail included in orders sets
can create challenges for HCPs.
Figure 2 advances the order set in Figure 1
by providing a simpler and cleaner design, so
HCPs can more easily review and process the
information. This order set design minimizes
the number of options available to help users
make the right decision, focusing on value
for the appropriate setting and audience. In
other words, order sets should not be a “one
size fits all” approach.
Order sets should be tailored to the appropriate clinical setting (eg, inpatient
acute care, outpatient clinic setting, etc)
and HCP (eg, hospitalist, tobacco cessation specialist, etc). We are comparing NRT
order sets designed for HCPs who do not
routinely prescribe oral tobacco cessation
products in the inpatient setting. When
possible, autogenerated bundle orders
should also be used according to evidencebased recommendations (such as nicotine
patch tapers) for ease of use and further
simplification of order sets.
Finally, usability testing known as “evaluating a product or service by testing it
with representative users” helps further refine an order set.5 Usability testing should
be applied during all phases of order set
development with end user(s) as it helps
identify problems with order set design
prior to implementation. By applying usability testing, the order set becomes more
meaningful and valued by the user.
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FIGURE 1 Example of the Original Inpatient Nicotine

Replacement Therapy Order Set
Combination Nicotine Replacement Therapy Recommended
□ > 20 cigarettes/d
21-mg patch + 14-mg patch + 7-mg patch + 2-mg lozenge
21-mg patch + 14-mg patch + 7-mg patch + 2-mg gum
21-mg patch + 14-mg patch + 7-mg patch
4-mg lozenge
4-mg gum
Bupropion
Varenicline
□ 11 to 20 cigarettes/d
21-mg patch + 14-mg patch + 7-mg patch + 2-mg lozenge
21-mg patch + 14-mg patch + 7-mg patch + 2-mg gum
21-mg patch + 14-mg patch + 7-mg patch
4-mg lozenge (if uses tobacco within 30 min of awakening)
2-mg lozenge (if waits > 30 min to use tobacco after awakening)
4-mg gum (if uses tobacco within 30 min of awakening)
2-mg gum (if waits > 30 min to use tobacco after awakening)
Bupropion
Varenicline
□ 1 to 10 cigarettes/d
14-mg patch + 7-mg patch + 2-mg lozenge
14-mg patch + 7-mg patch + 2-mg gum
14-mg patch + 7-mg patch
2-mg lozenge
2-mg gum
Bupropion
Varenicline

This order set uses only 1 of the 4 order set design technique recommendations (evidence-based medicine). Application of the other 3 order set design
technique recommendations (efficiency and ease of use; human factors
engineering; and failure mode and effects analysis) is not evident.

Human Factors Engineering

HFE is “the study of all the factors that make
it easier to do the work in the right way.”6
HFE seeks to identify, align, and apply processes for people and the world within which
they live and work to promote safe and efficient practices, especially in relation to the
technology and physical design features in
their work environment.6
The average American adult makes about
35,000 decisions per day.7 Thus, there is potential for error at any moment. Design that
does not take HFE into account can be dangerous. For example, when tube feed and IV
line connectors look similar and are compatible, patients may inadvertently receive food
administered directly into their bloodstream.8
HFE can and should be applied to order
sets. Everything from the look, feel, and verbiage of an order set affects potential outcomes. For example, consider the impact
even seemingly minor modifications can
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FIGURE 2 Example of a Redesigned Inpatient

Nicotine Replacement Therapy Order Set
Combination Nicotine Replacement Therapy Recommended With Patch and
Choice of Gum or Lozenges
Nicotine patches
□ Nicotine patch 21 mg/d (11 to 20+ cigarettes/d or 0.5 to 1+ pack/d)
□ Nicotine patch 14 mg/d (< 11 cigarettes/d or < 0.5 pack/d)
AND
Nicotine gum
□ Nicotine gum 4 mg q2h prn (20+ cigarettes/d or > 1 pack/d)
□N
 icotine gum 2 mg q2h prn (any amount up to 20 cigarettes/d or up to
1 pack/d)
OR
Nicotine lozenges
□ Nicotine lozenge 4 mg q2h prn (20+ cigarettes/d or > 1 pack/d)
□N
 icotine lozenge 2 mg q2h prn (any amount up to 20 cigarettes/d or up to
1 pack/d)

An order set that used the 4-step order set design technique: efficiency
and ease of use; human factors engineering; failure mode and effects
analysis; and evidence-based medicine.

have on outcomes simply by guiding users
in a different way: Figure 1 provides NRT
options based on cigarette use per day,
whereas Figure 2 conveys pack use per day
in relation to the equivalent number of cigarettes used daily. These differences may
seem small; however, it helps guide users
to the right choice when considering that
health care providers have been historically
trained on social history gathering that emphasizes packs per day and pack-years.
Failure Mode and Effects Analysis

Failure mode and effects analysis (FMEA)
is “a structured way to identify and address
potential problems, or failures and their resulting effects on the system or process before an adverse event occurs.”9 The benefit
of an order set must be weighed against the
risk during development. FMEA should be
applied during order set design to assess and
limit risk just as with any other clinical care
process.
FMEA examines both level of risk and
frequency of risk occurrence associated
with a new proposed process. For example, let’s evaluate an order set designed for
pain control after surgery that consists of
multiple high-risk opioids along with antihistamine medications for as-needed itch
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relief (a non-life-threatening adverse event
(AE) of opioids well known by the medical
community). An interdisciplinary FMEA
team consisting of subject matter experts
may examine how the process should flow
in step-by-step detail and then discuss the
benefit of a process and risk for potential
error. A FMEA team would then analyze
what could go wrong with each part of the
process and assign a level of risk and risk
frequency for various steps in the process,
and then decide that certain steps should
be modified or eliminated. Perhaps after
FMEA, a facility might conclude that the
risk of serious complications is high when
you combine opioid use with antihistamine
medications. The facility could decide to
remove antihistamine medications from an
order set if it is determined that risks outweigh benefits. While a root cause analysis might identify the cause of an AE after
order set use, these situations can be prevented with FMEA.
When applying FMEA to Figure 1, while
bupropion is known as an evidence-based
oral tobacco cessation option, there is the
possibility that bupropion could be inadvertently prescribed from the order set in
a hospitalized patient with alcohol withdrawal and withdrawal seizure history.
These potentially dangerous situations can
be avoided with FMEA. Thus, although bupropion may be evidence-based for NRT,
decisions regarding order set design using
EBM alone are insufficient.
The practitioner must consider possible unintended consequences within order
sets and target treatment options to the appropriate setting and audience. Although
Figure 1 may appear to be more inclusive,
the interdisciplinary committee designing
the inpatient NRT order set felt there was
heightened risk with introducing bupropion in Figure 1 and decided the risk would
be lowered by removing bupropion from
the redesigned NRT order set (Figure 2). In
addition to the goal of balancing availability
of NRT options with acceptable risk, Figure
2 also focused on building an NRT order set
most applicable to the inpatient setting.
Including Evidence-Based Practices

EBM has become a routine part of clinical decision making. Therefore, including EBM in
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order set design is vital. EBM for NRT has
demonstrated that combination therapy is
more effective than is monotherapy to help
tobacco users quit. Incremental doses of NRT
are recommended for patients who use tobacco more frequently.10
As shown in Figures 1 and 2, both order
set designs incorporate EBM for NRT. Although the importance of implementing
EBM is evident, critical factors, such as HFE
and FMEA make a difference with welldesigned order sets.
RESULTS

The 4-step order set design technique was
used during development of an inpatient NRT
order set at the JAHVH. Results for the inpatient Joint Commission Tobacco Treatment
Measures were obtained from the Veterans
Health Administration quality metric reporting system known as Strategic Analytics for
Improvement and Learning (SAIL). SAIL performance measure outcomes, which include
the inpatient Joint Commission Tobacco
Treatment Measures, are derived from chart
reviews conducted by the External Peer Review Program. Outcomes demonstrated that
TOB-2 and TOB-3 (2 inpatient Joint Commission Tobacco Treatment Measures) known
as tob20 and tob40, respectively, within SAIL
improved by more than 300% after development of an NRT order set using the 4-step
order set design framework along with implementation of a multifaceted tobacco cessation
care delivery system at JAHVH.
DISCUSSION

While the overall tobacco cessation care delivery system contributed to improved outcomes with the inpatient Joint Commission
Tobacco Treatment Measures at JAHVH, the
NRT order set was a cornerstone of the design. Although using our order set design
technique does not necessarily guarantee
successful outcomes, we believe using the
4-step order set design process increases the
value of order sets and has potential to improve quality outcomes.
Limitations

Although improved outcomes following implementation of our NRT order set
suggest correlation, causation cannot be
proven. Also while the NRT order set is be-
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BOX Takeaway Points
Ease of Use and Navigation
• An order set should be as simple and clean as possible;
• More options have potential to lead to more errors;
• An order set should take 1 minute or less to use; if > 1 minute, its effectiveness
should be reevaluated; and
• Usability testing should be used during all stages of order set development to
generate buy-in and optimize design.
Human Factors Engineering
• Involve interdisciplinary teams/subject matter experts when incorporating human
factors engineering in order set design;
• Consider testing human factors engineering design in simulated settings
comparable to the actual work environment; and
• Ensure that everything from the look and feel to the verbiage used in order sets
should guide users to the right clinical pathway and minimizes potential for error.
Failure Mode and Effects Analysis
• Involve interdisciplinary teams/subject matter experts when applying failure
mode and effects analysis principles to order set design;
• Consider unintended consequences of order sets; and
• Apply benefits vs risks for order set options.
Inclusion of Evidence-Based Practice
• Involve interdisciplinary team/subject matter experts when incorporating
evidence-based practice into order sets;
• Evidence-based practice should be included in every order set design when
possible but by itself is insufficient; and
• It is just as important to include critical factors (such as human factors
engineering and failure mode and effects analysis) with order set design.

lieved to have helped tremendously with
outcomes, the entire tobacco cessation care
delivery system at JAHVH contributed to
the results. In addition, the inpatient Joint
Commission Tobacco Treatment Measures help improve processes for tobacco
cessation care. However, we are uncertain
whether the results of our improvement efforts helped patients stop tobacco use. Further studies are needed to determine impact
on population health. Finally, our results
were based on improvement work done at a
single center. Further studies are necessary
to see whether results are reproducible.
CONCLUSION

There was significant improvement with
the inpatient Joint Commission Tobacco
Treatment Measures outcomes following
development of a tobacco cessation care
delivery system that included design of
an inpatient NRT order set using a 4-step
process we developed. This 4-step structure includes emphasis on efficiency and
ease of use; human factors engineering;
failure mode and effects analysis; and incorporation of evidence-based medicine
(Box.) Postimplementation results showed
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improvement of the inpatient Joint Commission Tobacco Treatment Measures by
greater than 3-fold at a single hospital.
The next steps for this initiative include
testing the 4-step order set design process in
multiple clinical settings to determine the effectiveness of this approach in other areas of
clinical care.
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Disclaimer

The opinions expressed herein are those of the authors and do
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