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Abstract

Background: Intravenous (IV) electrolyte infu-
sions, or electrolyte boluses (EB), are high-alert
medications commonly administered to pediatric
oncology patients in the inpatient setting. In
our institution’s two inpatient oncology units,
variation in nursing EB administration prac-
tice posed a risk to patients and highlighted an
opportunity for standardization. This quality
improvement (QI) initiative aimed to standardize
IV EB administration for intermittent infusions
of IV magnesium sulfate, potassium chloride,
potassium phosphate, and calcium gluconate.

Methods: A multidisciplinary team including
nurses, advanced practice providers (APPs), a
physician, and a pharmacist was formed. The
team first sought to understand why registered
nurses (RN) deviated from policy and provider
order. We implemented interventions using 10
Plan-Do-Study-Act (PDSA) cycles beginning in
January 2022, with the last PDSA cycles imple-
mented in January 2024. Interventions included
creating an RN job aid for each of the four EBs,

adding these job aids into the electronic “Admin-
istration of IV Electrolytes” policy, and modifying
the formulary monograph. For APPs, we devel-
oped an ordering guide for each EB. We used
statistical process control charts to analyze our
outcome measure: proportion of EBs adminis-
tered at the ordered rate. The team used a run
chart to track our process measure: the number
of times per month a healthcare worker opened
the electronic policy document.

Results: The proportion of EBs administered at
the ordered rate increased from 15% to 85% over
the observed 36-month period. APPs reported
satisfaction with EB ordering guides. The median
number of times a healthcare worker accessed
the IV electrolyte policy increased from 7 to 110
times per month after all four job aids were added.

Conclusions: Creating accessible administration
job aids for RNs coupled with useful APP ordering
guides significantly impacted standardization of
administration for high-risk electrolyte infusions
in an inpatient pediatric oncology setting.
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Introduction

lectrolyte imbalances in pediatric oncology patients result
from disease processes as well as treatment and may
present an oncologic emergency.! The administration of
intravenous (IV) electrolytes is a crucial aspect of sup-
portive care the registered nurse (RN) provides.? The Institute for
Safe Medication Practices (ISMP) includes IV magnesium sulfate,
IV potassium chloride, and IV potassium phosphate among its
list of high-alert medications which have a “heightened risk of
causing significant patient harm when they are used in error.”
ISMP recommends strategies to reduce risk of errors related to
high-alert medications, including standardizing ordering and
administration methods and implementing redundancies.®

Available Knowledge

A “smart pump” is an infusion pump equipped with dose error
reduction system (DERS) software and drug libraries designed to
reduce dose and rate infusion errors.* They are used in all inpatient
areas across our hospital. Smart pumps may reduce incorrect
programming errors but have not eliminated IV medication infu-
sion errors.® Even when the RN uses smart pump integration with
the drug library, wrong infusion rate errors can occur if the RN
overrides the “soft” limit alert for infusion rates.® In an observa-
tional study of 10 U.S. hospitals where smart pumps were in use,
infusion rate errors were the most frequent type of serious IV
medication administration errors.® In another study documenting
IV infusion deviations from a prescriber’s order or the hospital’s
policy, 7.6% of the 2,008 IV infusions were administered at a
different rate than ordered.” The authors concluded that many
deviations did not cause patient harm, and nurses deliberately
used deviations to improve efficiency in care delivery.” Not all
deviations represented errors, but normalized discrepancies in
the infusion rate can represent system weaknesses, risk for serious
error, and opportunities to modify policy to match the reality of
the care environment.’

Problem Description

Nurse leaders at our pediatric hospital were concerned that the
variability in nursing practice on the two oncology units and lack
of detail in existing policy for this subset of high-risk IV infusions
could lead to patient harm events. Furthermore, it was challenging
to teach all RNs on the units the method to administer electrolyte
boluses (EB), as the steps were complex and methods varied
between nurses. The most frequently administered EBs were in
scope for this improvement initiative and included IV magnesium
sulfate, potassium chloride, potassium phosphate, and calcium
gluconate. Despite calcium gluconate not being recognized as a
high-alert medication by ISMP, the team chose to include it in this
initiative to highlight standardization for all institution-specific
dual sign-off EBs.

Specific Aims

The global aim of this improvement initiative was to improve
the quality and safety of care by standardizing IV electrolyte
administration in the inpatient pediatric oncology setting. To
determine if the interventions led to an improvement, the pro-
portion of times that the EB documented infusion rate matched
the ordered infusion rate was measured. Our improvement team
set the specific, measurable, achievable, relevant, and time-bound

(SMART) aim: to increase the proportion of administrations where
the documented EB infusion rate matches the ordered EB infusion
rate from a baseline of 15% to a goal of 60% by March 1, 2024, for
all administrations of IV magnesium sulfate, potassium chloride,
potassium phosphate, and calcium gluconate in the pediatric
oncology units. We chose the goal of 60% because of the many
barriers to compliance, and because we viewed it as achievable
within a limited period of time. This article was written accord-
ing to Standards for Quality Improvement Reporting Excellence
(SQUIRE) 2.0 guidelines, as it provides a framework for reporting
quality improvement methods and outcomes.?

Methods

Context

Our institution’s main hospital is a 600-bed urban, freestanding,
academic, quaternary care children’s hospital. There is a combined
total of 51 beds in the two inpatient pediatric oncology units (bone
marrow transplant and general oncology) that are staffed by
approximately 130 RNs. For high-risk medications including EBs,
our institution requires an independent double check by two RNs;
each RN is responsible to determine that the ordered medication
is safe for the patient before starting the IV infusion. The hospital
policy requires the RN to infuse the EB at the ordered infusion rate
(milliliters per hour) and duration of infusion. The institution’s
policy for EB administration prior to beginning this improvement
project outlined steps for performing a two-clinician independent
check, necessary equipment, proper selection of medication from
the pump’s drug library, IV line/pump check, and documentation.
RNs on the inpatient oncology units administered 623 EBs during
a 15-month baseline period from October 1, 2020, to December 31,
2021. During this baseline period, the proportion of administra-
tions in which the EB infusion rate matched the ordered infusion
rate was 15%, representing variation in nursing practice, methods
not supported by hospital policy, and a disconnect between the
provider’s order and the RN’s actions.

Interventions

A multidisciplinary improvement team was formed with stakehold-
ers from each stage of the drug delivery process. The seven-person
team included a nurse leader, a frontline RN, two nurse practi-
tioners, a clinical pharmacist, a physician, and an improvement
advisor. The team used the organization’s improvement frame-
work, which is based on the Institute for Healthcare Improve-
ment’s Model for Improvement, which breaks improvement
projects into steps, including forming a team, establishing aims
and measures, testing and implementing changes, and finally
sustaining and spreading changes.’ Improvement tools used
included a project charter, metric definition, fishbone diagram,
driver diagram, impact/effort matrix and Plan-Do-Study-Act
(PDSA) cycles.

Current state process maps of the ordering provider, the pharmacist,
and the RN’s workflow in ordering, verifying, and administering
EBs were developed. The RN process maps illustrated the multiple
steps involved in EB administration, which varied among the four
different EBs, adding to the complexity of the problem. Additionally,
a shared mental model did not exist between the ordering provider
and RNs regarding concurrently infusing electrolyte-containing
fluids or total parenteral nutrition (TPN) with EBs. Order verification
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pharmacists used a standard operating procedure to verify all
medication orders including EBs. As order verification pharmacists
are not at the bedside, their workflow was outside the scope of
this project.

When the administration rate did not match the order, the team
sought to understand the discrepancy and to introduce interven-
tions that would create more standardization. The team gathered
information in several ways, including through a survey of RNs on
the oncology units, chart review, and direct observation. Based on
this information, the team developed a fishbone diagram detailing
barriers to standardization related to people, policy, materials,
and processes (Figure 1).

A total of 59 inpatient oncology RNs completed a voluntary survey
in June 2020. The RN survey included a binary-choice question
asking whether the RN could complete an independent check
independently or whether they were unable to complete steps
independently. Of the 59 RN respondents, 39% (n=23) reported
they could not complete an independent check of EBs due to
lack of clarity in the process and instead relied on the second RN
to assist in calculations before administration. RNs reported an

inability to confirm the safe duration of infusion independently,
especially when the IV electrolyte was infused concurrently with
TPN or other electrolyte-containing fluids. Often nurses would call
a pharmacist for support in calculations. The survey also included
open-ended questions about challenges and potential solutions
to EB administration. The results highlighted an overall need for
more detailed written guidance to instruct the RN on the correct
methods to calculate EB infusion rate.

The nurse leader conducted a chart review of the 39 EB admin-
istrations in September 2021 in which the RNs’ documented rate
did not match the ordered rate. Using a Pareto chart to analyze the
chart review data of these 39 EB administrations, the team found
that the most frequent reason (55%) for rate changes was due to
the practice of rate recalculation intended for hazardous drugs.
The second most frequent reason (27%) was that RNs decreased
the magnesium sulfate infusion rate to avoid vital sign monitoring
required by our hospital’s formulary if infused in less than two
hours. Less frequent reasons included RNs increasing potassium
phosphate or potassium chloride infusion rates to maximize effi-
ciency (12%) and RNs decreasing the EB infusion rate to account
for concurrently infusing electrolyte-containing fluids (6%).

Figure 1. Barriers to Standardization of Electrolyte Bolus Administration

People

Calculation methods taught by RN preceptors
on orientation are person-dependent

On call pharmacist most skilled in calculations
but not the first point of contact

Most ordering providers unaware of RN
process of rate change or the need to
incorporate TPN or IVF into overall infusion

RN preference for IV tubing
used for hazardous drugs

No written document or tool to standardize
method for RN or ordering provider

Materials

Policy

Process

Existing administration policy not
detailed, not referenced frequently

Policy manager search terms not
optimized, challenging to locate policies

Limitations in formulary for rate of
infusion and monitoring parameters

Electrolyte bolus

not administered
at ordered rate

EB ordered with standard
duration/rate, not patient-specific

Provider and pharmacist not
considering concurrently infusing
IVF or TPN when ordering or verifying

RN use of rate recalculation method
intended only for hazardous
chemotherapy administration

Abbreviations:
EB=Electrolyte Bolus
IV=Intravenous
TPN=Total Parenteral Nutrition
RN=Registered Nurse
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The team discovered that medication rate recalculation was nor-
malized among RNs on the units, as rate recalculations were
needed for chemotherapy administration per institutional guide-
lines. This hospital uses hyper-priming for all large-volume pump
IV hazardous chemotherapy infusions. Hyper-priming, or “quick
prime,” is the process of rapidly infusing diluent to reduce the dead
space in the administration set.!° This method of administration
requires the RN to recalculate the rate of administration for all IV
hazardous chemotherapy. In these instances, correct infusion rate
for IV chemotherapy differs from the rate ordered by oncology
providers and verified by pharmacists. Through direct observation
and chart review, the team recognized that RNs used infusion rate
recalculations intended only for IV chemotherapy administration
for other IV infusions, including EBs.

The team brainstormed interventions to address some of the
identified barriers to standardizing EB administration and used
an impact effort matrix to prioritize and select interventions for
implementation (Table 1). We carried out interventions in a series
of Plan-Do-Study-Act (PDSA) cycles,!! and the team evaluated each
intervention based upon clinician feedback.

Interventions

In January 2022, PDSA 1 was implemented, which consisted of
nurse leaders successfully administering 15 EBs without hazardous
drug tubing or rate recalculations. This intervention was selected
first to build confidence in RNs and RN leaders that EBs could
be administered without the processes used for IV hazardous
chemotherapy administration. PDSA 2, implemented in March
2022, involved the following:

e Sharing EB administration information at RN huddles and
through email

e Instructing RNs to administer EBs at the ordered rate

e Instructing RNs to contact the ordering provider if the RN
determined the ordered rate was incorrect or unsafe

In May 2022, for PDSA 3, the team created and posted on both
units a document titled “The What and Why Behind Large Volume
Electrolyte Bolus Administration,” which outlined the RN’s process
of large-volume pump EB administration along with the reasoning
behind each step. Our interprofessional improvement team then
developed four job aids intended for use by RNs, one for each of
the four EBs. The job aids were formatted to the organization’s
policy template. These job aids described each step of checking the
EB order before administration, including confirming the correct
indication, dose, concentration, duration, and rate. Additional
steps were included if the electrolyte was infused with TPN or IV
fluids that contained the same electrolyte.

Our team tested the calcium gluconate and potassium chloride
job aids with RNs in October 2022, after dissemination via paper
copies and email. In PDSA 4 in December 2022, the team clarified
text in the calcium gluconate formulary monograph to differentiate
between the intensive care unit (ICU) duration of infusion (30 to 60
minutes) and the non-ICU duration of infusion (60 minutes). The
team continued to revise the job aids based on RN feedback. Next,
the team added the calcium gluconate and potassium chloride
job aids to the existing “Administration of IV Electrolytes” policy
(PDSA 5) in January 2023. For PDSA 6 in February 2023, we added
a hyperlink to the job aids within their respective monographs in
the online hospital formulary to increase RN access and awareness
of the job aids.

To address the provider ordering process, the team developed
four “ordering guide” documents, one for each of our in-scope
EBs, describing each step for the provider to order the EB. The
ordering guides included additional steps for the ordering provider
if the electrolyte was infused with TPN or IV fluids containing the
same electrolyte. In PDSA 7, all four ordering guides were shared
with the inpatient oncology advanced practice providers (APPs)
in April 2023.

Table 1. Barriers to Standardizing IV Electrolyte Administration and Associated Interventions

Barriers

Interventions

RN use of rate recalculation and IV
tubing intended only for IV hazardous
chemotherapy administration

e Clinical nurse leaders to administer at least 15 EBs without hazardous
drug tubing or rate recalculations

e Message to RNs to administer EBs at the ordered rate and to contact the

provider if the ordered rate is incorrect or unsafe

e Create document to guide large volume pump EB administration; instruct
RN to use standard IV tubing

RN administration policy lacks detail to establish
standard process for RN EB administration

Limitations in formulary for non-ICU
maximum rates of infusion and
monitoring parameters

Create RN job aids and publish in policy manager to standardize RN
administration process

o Clarify guidance in calcium gluconate formulary monograph to
differentiate between ICU and non-ICU units

e Remove from the formulary required, non-evidence-based vital sign

monitoring for IV magnesium sulfate infusions of one hour duration or

greater

Ordering providers do not always consider
patient-specific maximum infusion rates

in cases where intravenous fluids (IVF) or
TPN are concurrently infused (for example:
potassium chloride maximum infusion rate 0.3
milliequivalents per kilogram per hour)

Create stepwise process for ordering provider that includes guidance for
concurrently infusing IVF and TPN
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In October 2023, we completed PDSA 8 by publishing the potassium
phosphate and magnesium sulfate job aids into the policy after
sharing them with frontline nurses and modifying the job aids
based on RN feedback. In November 2023, nurse leaders presented
a proposal at this institution’s Drug Use Evaluation (DUE) commit-
tee to eliminate vital sign monitoring for IV magnesium sulfate in
which the duration of infusion was greater than or equal to one
hour. A literature review and critical appraisal of the evidence
demonstrated no indication for vital sign monitoring, as hypo-
tension or other adverse reactions were not observed for adult or
pediatric patients treated with infusions of IV magnesium sulfate
greater than or equal to one hour duration.'?*” The interprofes-
sional DUE committee approved the proposal and, subsequently,
the drug formulary was modified to remove required vital sign
monitoring for infusions of one hour duration or greater (PDSA 9)
in January 2024. In the same month, the team completed PDSA 10
by adding a hyperlink to the potassium phosphate and magnesium
sulfate job aids within their respective formulary monographs.

Study of Interventions

Fifteen months of baseline data on EB administration were extracted
from the electronic health record (October 2020 to December
2021). Data included the medication, date, time of administration,
ordered infusion rate, and RN documented infusion rate. The team
collated and reviewed EB administration data each month during
the intervention period. We compared EB administration during
the baseline period with an intervention period from January
2022 to June 2024.

Measures

The outcome measure for our improvement project was percent-
age of EB administration compliance, defined as the proportion of
EB administrations in which the documented infusion rate equaled
the ordered infusion rate divided by the total administrations. The
documented infusion rate in milliliters per hour (mL/hr) was used
as a proxy for infusion duration. When the ordered infusion rate
matched the RNs’ documented infusion rate, the administration
was considered “compliant.” If the documented infusion rate
did not match the ordered infusion rate, the administration was
considered “not compliant.” This team audited all infusions of IV
magnesium sulfate, potassium chloride, potassium phosphate,
and calcium gluconate administered on the inpatient oncology
units each month.

The number of times a healthcare worker opened the policy in our
organization’s electronic policy manager per month was the process
measure. As the RN job aids were added to the “Administration of
IV Electrolytes” policy, the number of times a healthcare worker
opened the policy was expected to increase. The baseline period
for this measure was October 2020 through December 2022, and the
intervention period was January 2023 (when the first and second EB
job aids were added to the policy) to October 2023 (when the third
and fourth EB job aids were added to the policy). We continued to
collate the data through April 2024. The team was unable to quantify
the unique users accessing the policy or measure the proportion
of users who were RNs on inpatient oncology.

A post-intervention survey was distributed to APPs in July 2023 to
measure provider satisfaction with using the EB provider ordering
guides. The APP survey included the statement “This guide was
useful in ordering the electrolyte bolus.” The APP answered using
a five-point Likert scale (“strongly agree” to “strongly disagree”).
Additionally, the team included one open-ended question to solicit
suggested changes to the guides, and one yes/no question asking
if the provider would want to use the ordering guide again.

Analysis

The outcome measure was tracked using a statistical process
control (SPC) p-chart and the team used SPC rules to interpret
special cause variation (Figure 2).!® The eight-point rule (EPR) is
one of the 10 rules for identification of special cause variation in
Shewhart control charts.® We used the EPR to evaluate for special
cause after implementing our interventions. The process measure
was evaluated using a run chart, applying rules for interpretation,
including the rule for a centerline shift, defined as greater or equal
to six consecutive points above or below the median (Figure 3).%
We evaluated APP satisfaction with ordering guides by collating
responses to survey questions.

Ethical Considerations

This project was undertaken as a quality improvement initiative
and as such does not constitute human subjects research.

Results

Outcome Measure

The number of EBs administered on the units varied from 17 to
123 per month. During the baseline period, 15% of all EBs were
administered at the ordered rate. Eight months after the first
intervention, special cause variation was observed, resulting in a
positive centerline shift, with 45% of all EBs being administered
at the ordered rate. This shift was sustained for 19 months. In
August 2023, a second positive centerline shift occurred, with
70% of EBs administered at the ordered rate. In April 2024, a third
positive centerline shift occurred, with 85% of EBs administered
at the ordered rate.

Process Measure

The “Administration of IV Electrolytes” policy on the hospital’s
electronic policy manager was accessed a median of seven times
a month during the baseline period. After the first two job aids
were embedded within the existing policy in January 2023, the run
chart demonstrated six data points above the median, resulting
in a positive shift. From January 2023 to April 2024, the policy
was accessed a median of 110 times each month. In a voluntary
survey in July 2023, all seven of the APPs surveyed responded
that they “agree” or “strongly agree” that the “guide was useful in
ordering the electrolyte bolus.” After using at least one of the four
EB ordering guides in clinical practice, all seven APPs indicated
they would want to use the EB guide again.
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Figure 2. Electrolyte Bolus Administration on Inpatient Oncology Units
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3. Posted the “What/Why” document on the units guiding large
volume pump administration steps
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8.

9.

2023 2024

Linked IV calcium gluconate and potassium chloride RN job aids in
formulary

Shared ordering provider guides for each EB with APPs on units

Published IV magnesium sulfate and IV potassium phosphate RN job
aids as policy

Changed IV magnesium sulfate formulary monitoring parameters
to eliminate required vital sign monitoring for infusions of one hour
duration or greater

10. Linked IV magnesium sulfate and IV potassium phosphate RN job

aids in formulary

2020 2021 2022 2023 2024
January 58 41 53 63
February 31 62 70 73
March 34 38 92 39
April 21 50 101 40
May 33 123 89 54
June 37 69 79 39
July 30 46 73 67
August 42 24 94 54
September 50 47 36 45
October 46 84 17 76 88
November 63 42 42 81 77
December 28 24 52 71 44
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Figure 3. Number of Times a Heathcare Worker Opened the “Administration of IV Electrolytes” Policy per Month
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Discussion

Summary

This quality improvement initiative significantly increased the
proportion of EBs administered at the ordered rate, from a baseline
of 15% to 85%, surpassing the aim of achieving 60% compliance
by March 1, 2024. The first three PDSA cycles yielded modest
improvement but were important in gaining the confidence of
key nurse leaders on the units and sharing messaging across the
frontline nurse team. The most effective interventions included
publishing the four RN job aids and changing formulary guidance.

Interpretation

The addition of one job aid for each of the four EBs into the policy
was the driving force of this project, as the job aids created a clear,
standard approach to verification of the duration and infusion
rate. The job aids addressed previously challenging scenarios in
a stepwise approach, such as concurrent infusion of TPN. The
updated policy also stated that the infusion set is to be primed
with the large-volume electrolyte, which was a previously missing
step that caused confusion among nurses.

While policy revisions do not always translate to a change in prac-
tice, this project was successful in changing the RN administration
process because the step-by-step guidance in the job aids made it
easier for RNs to complete all necessary steps in the administration
process. This team attributes the success of the RN job aids to the
expertise of our clinical pharmacist in developing the content,
seeking frontline RN feedback, and incorporating suggested
changes into the published policy. Five of the improvement team

2022

2023 2024

members are clinicians who practice in the inpatient oncology
clinical setting. This subject matter expertise allowed the team
to understand the processes we aimed to change. Further, by
implementing changes into existing electronic systems such as
the hospital formulary and adding hyperlinks from the formulary
to policy, the frontline clinicians found this information to be
readily accessible. In a large, complex healthcare environment,
our interventions needed to reach individuals regardless of their
awareness of our improvement team or project. We anticipate
that these interventions will increase the ability to teach new
APPs and RNs who join the care team in inpatient oncology the
ordering and administration steps for each EB.

The team attributes the sustainability of the project’s outcomes
to the time spent understanding the problem before developing
interventions.?! This interprofessional improvement team inte-
grated sustainable interventions into existing systems of care,
“hardwiring” interventions into practice using existing workflows
including policy and the hospital’s medication formulary.?

Limitations

There were several limitations of the project due to context
and measures. In the inpatient oncology units, the influence of
hyper-priming and IV hazardous chemotherapy rate recalcu-
lation was a primary driver of nursing practice. The variability
in medication administration practices the team observed may
be less prevalent in less-acute settings or inpatient care settings
without frequent infusion rate recalculation of high-risk medi-
cation categories.
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The outcome measure did not account for the degree of variability
between the ordered and administered infusion rate. The infusion
rate was used as a proxy for the infusion duration. However, when
the administered infusion rate varied slightly, the impact to the
infusion duration was not likely to be clinically significant. The
outcome measure did not differentiate, for example, between an
EB administered too quickly in half of the intended duration and
an EB administered too slowly for five minutes longer than the
intended duration.

This institution uses an electronic policy manager system which
cannot differentiate between categories of healthcare workers or
count unique users. Therefore, we could not measure the number
of inpatient oncology RNs who opened the “Administration of
IV Electrolytes” policy. The team inferred that an increase in
healthcare workers opening the policy represented an increase
in oncology RN use, as RNs are the primary users of policies
published in our policy manager.

Conclusions

The team successfully used a quality improvement framework
to implement interventions and improve the proportion of EBs
administered at the ordered rate. The team found the gap between
the medication order and RN action was an opportunity to explore
practice and reduce complexity of care delivery. Reaching 85%
compliance in the 11 months after our last PDSA cycles were com-
plete indicates the project’s sustainability over time. Our institution
has the potential to spread standardization of medication delivery
to other drug categories, such as IV hazardous chemotherapies.
Clinical teams outside of inpatient oncology are interested in cre-
ating additional job aids to guide the administration of additional
high-alert medications such as IV hypertonic saline solution. The
team anticipates sustained success in the outcome measure, as
interventions were implemented into the organization’s policy
and formulary.
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