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Abstract Background Implementation of disease-specific order sets has improved compliance
with standards of care for a variety of diseases. Evidence of the impact admission order
sets can have on care is limited.
Objective The main purpose of this article is to evaluate the impact of changes made
to an electronic critical care admission order set on provider prescribing patterns and
clinical outcomes.
Methods A retrospective, observational before-and-after exploratory study was
performed on adult patients admitted to the medical intensive care unit using the
Inpatient Critical Care Admission Order Set. The primary outcome measure was the
percentage change in the number of orders for scheduled acetaminophen, a histamine-
2 receptor antagonist (H2RA), and lactated ringers at admission before implementa-
tion of the revised order set compared with after implementation. Secondary out-
comes assessed clinical impact of changes made to the order set.
Results The addition of a different dosing strategy for a medication already available
on the order set (scheduled acetaminophen vs. as needed acetaminophen) had no
impact on physician prescribing (0 vs. 0%, p¼1.000). The addition of a newmedication
class (an H2RA) to the order set significantly increased the number of patients
prescribed an H2RA for stress ulcer prophylaxis (0 vs. 20%, p<0.001). Rearranging
the list of maintenance intravenous fluids to make lactated ringers the first fluid option
in place of normal saline significantly decreased the number of orders for lactated
ringers (17 vs. 4%, p¼ 0.005). The order set changes had no significant impact on
clinical outcomes such as incidence of transaminitis, gastrointestinal bleed, and acute
kidney injury.
Conclusion Making changes to an admission order set can impact provider prescrib-
ing patterns. The type of change made to the order set, in addition to the specific
medication changed, may have an effect on how influential the changes are on
prescribing patterns.
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Background and Significance

An order set is a predefined template that assists health
care providers in making clinical decisions when entering
orders into the electronic health record (EHR) for medica-
tions, laboratory tests, imaging, and diet modifications. It is
designed to help clinicians treat specific medical conditions
or clinical circumstances according to current guidelines and
evidence-basedmedicine.1According to the Institute for Safe
Medication Practices, when designed properly order sets can
(1) enhance communication about best practices between
different disciplines, services, and levels of care; (2) trans-
form practice through evidence-based care; (3) decrease
variation and unintended omission through standardized
formatting and clear presentation of orders; (4) improve
workflow by providing directions that are relevant, easy to
understand, intuitively organized, and suitable for direct
application to current information-management systems;
(5) decrease the risk for medication errors by incorporating
safety alerts and reminders; and (6) decrease the number of
calls to physicians regarding order clarification.2

Implementation of disease-specific orders sets has been
shown to improve compliance with standards of care for
the management of asthma exacerbations, acute coronary
syndrome, septic shock, community acquired pneumonia,
and chronic obstructive pulmonary disease.3–8 In a study
conducted at a large academic medical center, application
of a standardized acute coronary syndrome order set signifi-
cantly increased the number of patients who received aspirin
within the first 24hours of hospitalization.4 Similarly, initia-
tionofa septic shockorder set in the emergencydepartmentof
a large academic medical center significantly increased the
number of patients receiving adequate fluid resuscitation and
an appropriate empiric antibiotic regimen, while also report-
ing decreased 28-day mortality.5

While literaturesupports theutilizationoforder sets for the
treatment of specific disease states, evidence is limited on the
impact of admission order sets on outcomes for hospitalized
patients. Admission order sets differ from previously studied
disease-specific order sets, in that they incorporate avariety of
measures related to general patient care such as intravenous
(IV) fluids, prophylactic medications, pain medications, and
laboratory tests. In most hospitals, usage of admission order
sets is higher than that of disease-specific order sets. This is
likely due to admission being a frequent event within large
hospitals and being a process that requires many orders to be
entered simultaneously.9

O’Connor et al studied the use of a paper-based admission
order set for generalmedical patients in a community hospital
and found a significant increase in the number of patients
prescribed deep vein thrombosis prophylaxis, allied health
consultations, a diabetic diet, an insulin sliding scale regimen,
and thepotassiumreplacementprotocol.Useof this admission
order set also increased the documentation of allergies and
resuscitation status, while decreasing the number of inappro-
priately ordered laboratory tests.10 In critically ill patients,
Bourdeux et al studied the impact of removing a hydroxyethyl
starch (HES) solution from fluid bolus options on an intensive

care unit (ICU) admission order set, as well as adding chlor-
hexidine mouthwash as a default option to the order set.
As anticipated, these changes decreased the number of
patients receiving HES and increased the number of intubated
patients receiving chlorhexidine.11

In our health system, a wide variety of order sets exist
within the EHR software for the treatment of individual
medical conditions, admission to specific hospital units, and
pre- and postoperative care. These order sets are routinely
updatedasnewguidelinesand literatureare released, andthey
are reviewed by multidisciplinary committees prior to their
implementation. On August 20, 2018, three key changes were
made to Inpatient Adult Critical Care Admission Order Set
(IP CC AdmitOrder Set) based onnewevidence available in the
literature. These changes were reviewed and approved by the
multidisciplinary Critical Care Performance Improvement
Committee.

The first change to this admission order set was imple-
mented tohelpdecrease theneedanduseofopioids for pain in
critically ill patients. In 2017, the United States Department of
Health and Human Services declared the opioid crisis a
nationwide public health emergency and launched a “5-point
strategy” to help combat the epidemic. The strategy includes
expanding data collection and research in pain and addiction
to improve pain management and addiction treatment.12 The
Society of Critical Care Medicine (SCCM)’s “Clinical Practice
Guidelines for the Prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility, and Sleep Disrup-
tion in Adult Patients in the ICU” recommends the use of a
multimodal pain management approach in critically ill
patients to help decrease opioid consumption and improve
analgesic effectiveness and patient outcomes.13 Acetamino-
phen is one of several medications recommended for use in a
multimodal pain management regimen by not only SCCM’s
guidelines but also the CDC’s “Guideline for Prescribing
Opioids for Chronic Pain” and the “Guideline for the Manage-
ment of Postoperative Pain” created by the American Pain
Society and American Society of Anesthesiologists.14,15

The goal of the second change to the admission order set
was to decrease prescribing of proton-pump inhibitors
(PPIs). Studies have shown histamine-2 receptor antagonist
(H2RAs) and PPIs to be equally efficacious for stress ulcer
prophylaxis.16 However, H2RAs may be associated with a
lower incidence of Clostridium difficile infections, hospital
acquired pneumonia, and ventilator associated pneumonia
compared with PPIs.17–20

Thefinalmodification to the order set wasmade to facilitate
prescribing of lactated ringers over normal saline. Two studies
published in the New England Journal of Medicine in 2018
showed the use of balanced crystalloid solutions, such as
lactated ringers and plasma-lyte A, in both critically ill and
noncritically ill patients, resulted in a significantly lower inci-
dence of major adverse kidney events within 30 days.20,21

Furthermore, unlike balanced crystalloid solutions,fluid resus-
citation with normal saline has been associated with hyper-
chloremicmetabolic acidosis,which can lead to several adverse
effects including renal vasoconstriction, reduced gastric perfu-
sion, and increased release of inflammatory markers.23–25
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The IP CC Admit Order Set is primarily used by rotating
medical residents admitting patients to the medical inten-
sive care unit (MICU) at our health system’s largest institu-
tion. The MICU is a 14-bed unit that operates under a closed
ICU model. Education on the order set changes was not
provided to the rotating medical residents due to logistic
constraints and to limit confounding variables in our study.
Due to limited data available regarding the use of admission
order sets for clinical decision support (CDS) and the effect of
order set design on prescribing, this study sought to evaluate
the impact of changesmade to a critical care admission order
set on both provider prescribing patterns and clinical out-
comes. At the time of implementation, it was hypothesized
that the order set design changes would increase prescribing
of scheduled acetaminophen, H2RAs, and lactated ringers in
line with evidence-based recommendations.

Objective

The primary objective of this study was to compare the
prescribing of scheduled acetaminophen, an H2RA for stress
ulcer prophylaxis, and lactated ringers versus normal saline
before and after changes made to the IP CC Admit Order Set.

Methods

A retrospective, observational before-and-after study was
performed using data from the EHR. A convenience sample of
data was collected for 3 months before the order set changes
were implemented (May 19, 2018 to August 19, 2018) and for
3 months after the order set changes were implemented
(August 20, 2018 to November 20, 2018).

The first change made to the order set provided an addi-
tional dosing strategy for amedicationalreadyavailable on the
order set. Originally, only as needed acetaminophen was
included on the order set. After order revisions were imple-
mented, scheduled acetaminophen was also available
(►Fig. 1A). The second change added a new medication class
to the order set. AnH2RAwas added to theorder set as another
option for stress ulcer prophylaxis. Previously, only PPIs were
available from the order set for stress ulcer prophylaxis
(►Fig. 1B). The last change to the order set involved rearrang-
ing the list of availablemaintenance IV fluids. Lactated ringers
were made the first fluid option on the list to encourage its
prescribing over normal saline, which was previously listed
as the first fluid option (►Fig. 1C).

Data from the first 100 patients admitted to the MICU,
whomet inclusion and exclusion criteria, were used for each
group in the study. Data were primarily collected using EHR-
generated reports. Data generated from these reports were
validated by the authors through manual chart review. A
power calculation was not completed as this was a conve-
nience sample of patients available for review during the
study period after implementation of the order set. Patients
were included if they were greater than or equal to 18 years
of age and if providers utilized the IP CC Admit Order Set for
entry of their admission orders. Patients were excluded if it
was their second admission to the MICU during the same

hospital stay or if they were part of a protected population
(pregnant or imprisoned).

Theprimaryoutcomemeasurewas the percentage change in
the number of orders for scheduled acetaminophen, an H2RA, a
PPI, and lactated ringers at ICU admission before implementa-
tion of the updated order set comparedwith after implementa-
tion of the updated order set. Secondary outcomes assessed the
clinical effects of the changes made to the order set.
The secondary outcomesmeasured to assess the clinical impact
ofaddingscheduledacetaminophentothe IPCCAdmitOrderSet
included mean daily dose of opioids in morphine milligram
equivalents (MME) administered during the first 5 days of ICU
admissionand incidenceofelevated liverenzymelevels (defined
as aspartate transaminase [AST] or alanine transaminase [ALT]
levelsgreater thanthreetimes theupper limitofnormal). For the
addition of an H2RA to the order set, incidence of gastrointesti-
nal (GI) bleeding, stress ulcers, and Clostridium difficile infection
was measured. Lastly, the clinical outcomes related to lactated
ringers being listed as thefirstfluid option included incidenceof
hypernatremia (defined as serum sodium�150mmol/L),
hyperchloremia (defined as serum chloride�110mmol/L),
acute kidney injury (AKI) (defined as an increase in serum
creatinine [SCr] by�0.3mg/dL within 48hours), continuous
venovenous hemofiltration (CVVH), and intermittent dialysis
(excluding baseline intermittent dialysis patients).

Minitab 16.1.0 Statistical Software (LEAD Technologies,
Inc., Charlotte, North Carolina, United States) was used to
complete statistical analysis. Patient demographics, the pri-
mary outcome, and secondary outcomes were summarized
using descriptive statistics. For continuous data, normality
was assessed using the Anderson–Darling test. Significance
of variation in normally distributed, continuous data was
tested using a two-tailed student t-test, using a predeter-
mined α of less than 0.05. A Mann–Whitney U test was used
to analyze variation in continuous data that were not nor-
mally distributed. Discrete data were evaluated using a chi-
square test or Fisher’s exact test.

Results

Three months prior to implementation of order set changes,
314patientswere admitted to theMICU.Of these314patients,
259 (82.5%) were admitted using the IP CC Admit Order Set.
Threemonths after order set implementation, 293 (89.3%) out
of the 328 patients admitted to theMICUwere admitted using
the IP CC Admit Order Set. There was no significant difference
inbaselinepatientdemographics between thebefore and after
groups (►Table 1).

There was no significant difference in the number of
orders for scheduled acetaminophen before and after imple-
mentation of the order set changes (0 vs. 0%, p¼1.000). No
providers ordered scheduled acetaminophen from the order
set in 3 months after the implementation of order set
changes (►Fig. 2). There was no significant difference in
the clinical outcomes of adding scheduled acetaminophen to
the order set. The number of patients experiencing elevated
liver enzymeswas similar in the before and after groups (AST
21 vs. 17%, p¼0.470; ALT 14 vs. 17%, p¼0.692), as were each
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group’s median [interquartile range] opioid requirements
during the first 5 days in the ICU (30 [0.96] MME vs. 15 [0.96]
MME, p¼0.875) (►Table 2).

After the addition of an H2RA to the order set, there was a
significant increase in the number of patients prescribed an

H2RA for stress ulcer prophylaxis (0 vs. 20%, p<0.001). The
increase in H2RA orders in the after group was coupled with
a significant decrease in the number of patients prescribed a
PPI from the order set (45 vs. 25%, p¼0.004) (►Fig. 2).
Regarding clinical outcomes related to adding an H2RA to

Fig. 1 Before and after images of the changes made to the Inpatient Adult Critical Care Admission Order Set. (A) Addition of a different dosing
strategy: acetaminophen. (B) Addition of a newmedication class: histamine-2 receptor antagonist (H2RA). (C) Rearranged order of medications:
lactated ringers. IV, intravenous; PPI, proton pump inhibitor.
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the order set, there was no significant difference in the
incidence of GI bleed (1 vs. 1%, p¼1.000), stress ulcers (0
vs. 0%, p¼1.000), or Clostridium difficile infections (2 vs. 1%,
p¼1.000) between the before and after groups (►Table 2).

Moving lactated ringers to the first IV fluid option on the
order set had no effect on the percentage of orders for other
IV fluids (IV fluids besides lactated ringers and normal
saline) made from the order set (0 vs. 0%, p¼1.000). There
were significantly more orders for lactated ringers in
the before group than the after group (17 vs. 4%,

p¼0.005). The percentage of orders for normal saline was
lower in the after group than in the before group, but not
statistically significant (18 vs. 9%, p¼0.06) (►Fig. 2). Making
lactated ringers the first IV fluid option on the order set had
no significant impact on the incidence of hypernatremia (11
vs. 11%, p¼1.000), hyperchloremia (25 vs. 35%, p¼0.121),
AKI (13 vs. 16%,¼0.546), or need for CVVH (3 vs. 6%,
p¼0.498) or intermittent hemodialysis (2 vs. 1%,
p¼1.000) (►Table 2).

Discussion

This before and after study assessed the impact of three
different changes to an admission order set on physician
prescribing. The addition of a new dosing strategy for a
medication already available on the order set had no effect
on prescribing. The addition of a newmedication class to the
order set significantly increased its prescribing and rearrang-
ing the order of a list of medications led to a counterintuitive
decrease in prescribing of all medications in the list.

Unfortunately, no prescribers ordered scheduled acetamin-
ophen using the IP CC Admit Order Set and no conclusion
related to scheduled acetaminophen’s impact on patients’
opioid requirements was able to be drawn. It is unclear why
the addition of scheduled acetaminophen to the order set did
not encourage physicians to order it as we did not directly
observe order entry, explore practitioners’ values surrounding
acetaminophen ordering, or ask staff about their opinions
regarding acetaminophen use in the MICU. Since acetamino-
phen had previously been available on the order set, it is
possible that providers may have overlooked that acetamino-
phen was now available with a different dosing frequency
(scheduled vs. as needed). Another contributing factor related
to the absence of scheduled acetaminophen orders may have

Fig. 2 Percentage of orders for eachmedication before and after implementation of order set changes. APAP, acetaminophen; H2RA, histamine-
2 receptor antagonist; IV, intravenous; LR, lactated ringers; NS, normal saline; PPI, proton pump inhibitor.

Table 1 Baseline patient demographics

Demographic Before
(n¼ 100)

After
(n¼ 100)

p-Value

Age (year)a 62� 16 63� 17 0.783

Sex (female)b 45 42 0.669

Weight (kg)c 75
(62.98)

81
(66.97)

0.217

Hospital LOS (days)c 5 (3.10) 6 (3.12) 0.422

MICU LOS (days)c 2 (1.3) 2 (1.4) 0.292

PTA scheduled
acetaminophenc

0 (0) 3 (3) 0.246

PTA H2RAb 8 9 0.800

PTA PPIb 25 24 0.869

PTA iHDb 3 10 0.082

Abbreviations: H2RA, histamine-2 receptor antagonist; iHD, intermit-
tent hemodialysis; IQR, interquartile range; LOS, length of stay; MICU,
medical intensive care unit; PPI, proton pump inhibitor; PTA, prior to
admission.
aMean� standard deviation.
bn.
cMedian (IQR).
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been that many patients admitted to theMICU have acute liver
impairmentor shock liver; thus, inclusionofonlyMICUpatients
may have limited the use of scheduled acetaminophen.

While the addition of a new dosing strategy to the order
set had no impact on prescribing, the addition of a new
medication class did. The addition of anH2RA to the order set
significantly increased the number of orders for an H2RA,
while significantly decreasing the number of orders for PPIs.
These changes in prescribing did not have a significant
impact on clinical outcomes, which is likely due to the small
sample size.

Surprisingly, there were significantly less orders for lac-
tated ringers in the after group compared with the before
group, suggesting that making lactated ringers the first fluid
option had the opposite effect intended. This is unexpected
as it has been shown that placing high frequency items at the
top of a list or menu speeds performance and improves
preference ratings.26 However, the number of normal saline
orders also decreased in the after population, although not
statistically significant. These resultsmay be impacted by the
fact that the after group required less maintenance fluids
than the before group. Furthermore, IV fluids are often
ordered and administered in the emergency department at
our institution. Themajority of emergency department order
sets contain normal saline as their primary fluid. Thus,
providers may have chosen to continue the IV fluid initiated

in the emergency department rather than starting a new IV
fluid once the patient was admitted and transported to the
MICU. Other possible explanations for more use of normal
saline than lactated ringers are that normal saline is compat-
ible withmore IVmedications andmore often used to keep a
patient’s vein open to maintain an IV site. There were no
orders for other IV fluids (IV fluids besides lactated ringers
and normal saline) made from the order set. Additionally,
plasma-lyte A, another balanced crystalloid solution used for
fluid resuscitation, is not available on the order set due to
cost restraints, but it is anecdotally ordered by many pro-
viders outside of the order set. Making lactated ringers the
first IV fluid option on the order set had no statistically
significant impact on the incidence of hypernatremia, hyper-
chloremia, AKI, and need for CVVH or intermittent hemodi-
alysis. However, although not statistically significant, with
less lactated ringers ordered in the after group, there was an
increase in hyperchloremia, AKI, and need for CVVH.

Previous studies on order set design have shown that
changing the default settings of items on an order set can
significantly influence prescribing behavior. Jacobs et al
changed the default setting of three items on a pediatric
inpatient asthma care order set from “off” to “on” resulting in
a 15% increase in weight measurement orders, an 11%
increase in activity center orders, and a 40% increase in
peak flowmeasurement orders.27 Similarly, Olson et al found
that when the default option for posttransfusion laboratories
was changed from “optional” to “preselected,” the rate of
transfusions with posttransfusion laboratories increased
fivefold. This same degree change in the opposite direction
was observed when the default order for platelet count was
switched back from “preselected” to “optional.”28 Further-
more, Leis et al showed that simple removal of a check box for
a thyroid-stimulating hormone (TSH) order from a critical
care unit admission order set significantly decreased inap-
propriately ordered TSH tests from 60.6 to 20%.29

This study is unique in that it sought to assess the effects of
several different types of order sets changes outside of
modifying the default settings of an order. Order set design
is an important area of study as computerized provider order
entry (CPOE) with CDS can lead to unintended consequences
that need to be monitored for after implementation.30,31

Unintended consequences include workflow inefficiency,
excessive resource use, reduced confidence in CPOE and
CDS systems, and clinical errors.31 For example, Rosenbloom
et al introduced an intervention intended to help decrease
unnecessary orders for serum magnesium levels that led to
an unanticipated increase in orders for serum magnesium
levels.32 Other strengths of this study are that the order set
studied is one used frequently by prescribers, and prescrib-
ers were blinded to the time period of data collection, which
helped reduce bias.

There are some limitations that should be taken into
account when interpreting the results of this study. First,
because this is a before and after exploratory study, limited
to 6 months of data, the results may be influenced by other
unmeasured factors. The diagnoses of patients admitted
using the IP CC Admit Order Set were not collected, which

Table 2 Clinical outcomes of changes to IP CC Admit Order Set

Clinical outcome Before
(n¼ 100)

After
(n¼ 100)

p-Value

Addition of a different dosing strategy: acetaminophen

Opioid requirements,
First 5 days in the
MICU (MME)a

30 (0.96) 15 (0.96) 0.875

AST> 3x ULN (U/L)b 21 17 0.470

ALT> 3x ULN (U/L)b 14 17 0.692

Addition of a new medication class: histamine-2 receptor
antagonist

Gastrointestinal bleedb 1 1 1.000

Stress ulcerb 0 0 1.000

Clostridium difficile
infectionb

2 1 1.000

Rearranged order of medications: lactated ringers

Hypernatremiab 11 11 1.000

Hyperchloremiab 25 35 0.121

AKIb 13 16 0.546

CVVHb 3 6 0.498

iHDb 2 1 1.000

Abbreviations: AKI, acute kidney injury; ALT, alanine transaminase; AST,
aspartate transaminase; CVVH, continuous venovenous hemofiltration;
iHD, intermittent hemodialysis; IP CC Admit Order Set; inpatient adult
critical care admission order set; IQR, interquartile range; MME, mor-
phine milligram equivalents.
aMedian (IQR).
bn.
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may have provided insight as to why fluid orders were lower
in the after group than the before group and why scheduled
acetaminophen was not ordered by physicians. The retro-
spective design of our single center study and the use of a
convenience sample are also limitations. Thus, our results
should be viewed as hypothesis-generating. Future studies
could include a comparison of physician prescribing among
several ICUs within a single institution; however, this was
outside the scope of this study. The same provider may be
responsible for the admission of several patients and the
ordering tendency of each provider was not evaluated.
Additionally, therewere no restrictions to providers ordering
scheduled acetaminophen, an H2RA, and/or maintenance IV
fluids outside of the order set, and these orders were not
accounted for in the collection of data. This, however, may
represent a more real-world approach, thus increasing the
external validity of the study.

Conclusion

Making seemingly minor changes to an order set can have a
significant impactonprescribingpatterns.Dueto their practice
altering potential, it is important for health systems to assess
for intended and unintended changes in prescribing patterns
after implementing or redesigning order sets. The type of
modification made to the order set may have an effect on
how influential the changes made are on prescribing patterns.
Future studies should assess how the type of intervention
made to an order set can affect prescribing to help answer
the question—is it the medication or the type of intervention
made to the order set that affects provider prescribing?

Clinical Relevance Statement

The results of this study support the use of admission order
sets to drive provider prescribing patterns. Properly designed
order sets based upon guideline recommendations can pro-
mote evidence-based prescribing of medications in the ICU.

Multiple Choice Questions

1. Disease specific order sets have been shown
to_______________.
a. Improve compliance with standards of care.
b. Complicate physician.
c. Increase the number of inappropriate laboratory tests.
d. Have no effect on patient outcomes.

Correct Answer: The correct answer is option a, improve
compliance with standards of care. Implementation of
disease-specific orders sets has been shown to improve
compliance with standards of care for the management of
asthma exacerbations, acute coronary syndrome, septic
shock, community acquired pneumonia, and chronic ob-
structive pulmonary disease.3–8

2. Which of the following order set changes has significantly
influenced prescribing behavior in numerous studies?

a. Changing the default settings of an order.
b. Addition of a new dosing strategy for a medication

already available on the order set.
c. Adding a new medication class to the order set.
d. Rearranging the order of how medications are listed in

the order set.

Correct Answer: The correct answer is option a, changing
the default settings of an order. Bourdeux et al,11 Jacobs
et al,27 and Olson et al28 all found that adjusting the default
settings of an order on an order set significantly changed
prescribing of an order. In this study, adding a newmedica-
tion class to an order set had a significant impact on
prescribing. However, this had not been studied previously.
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