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Abstract
Background

Vancomycin is a powerful antibiotic that is used to treat many
infections. The monitoring of this medication (peak and trough) is ex-
tremely critical to its effectiveness. Vancomycin discrepancies have
increased by 17.4% over 15-months.

Aim
The aim is to decrease Vancomycin protocol discrepancies
through education and surveillance on two nursing units.

Methods

Study design is a two-phase, pre/post intervention chart review
of patients ordered Vancomycin and education of nursing staff. Data
was collected from all full-time, part time, and casually employed
registered nurses on a Medical/Surgical Unit and a Progressive Care
Unit during a pre-quiz was given prior to education session and fol-
lowed by a post quiz. Another post three-month quiz was adminis-
tered to the same staff. Vancomycin discrepancies were monitored
for three months preceding education and three months post educa-
tion to monitor the discrepancies compared to the patients that were
ordered Vancomycin.

Results

There was a statistically significant difference between pre-quiz
/ post quiz scores (p<0.0001). There was a statistically significant
difference between post- and 3-month errors (p= 0.002).

Regarding Vancomycin Protocol Discrepancies, there was no
statistically significant association (p-value = 0.84) on the Medical/
Surgical Unit but there was a significant statistically association X2 =
4.89 (p-value = 0.03) on the Progressive Care Unit.
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Conclusion

The discrepancy rate for Vancomycin decreased after the educa-
tion in-service for nurses. Therefore, ongoing education is needed
for nurses to recognize the importance of Vancomycin compliance. It
is vital that physicians and pharmacists are included in future educa-
tional endeavors.

Introduction

Vancomycin is a powerful antibiotic that is used to treat many
infections. The monitoring of this medication is extremely critical
to its effectiveness. The complexity of dosing of this drug is based
on weight initially. The exact dosage adjustments are continued ac-
cording to trough levels in the blood. This is where the lowest level
of the drug is present. This is obtained 30 minutes prior to the next
scheduled timed dose. The problem continues to affect therapeutic
drug monitoring in serum concentrations of the drug [1]. Vancomycin
is used in lieu of penicillin in some cases to treat and prevent var-
ious bacterial infections caused by gram- positive bacteria, includ-
ing Methicillin-Resistant Staphylococcus Aureus (MRSA) as well as
effective treatment for streptococci, enterococci, pneumonia, sepsis,
and cellulitis infections [2]. This has been identified as a quality and
safety opportunity and reviewed with pharmacy consisting of missed
laboratory tests and retimed medications outside of the safe adminis-
tration window.

Problem Description and Significance

At a tertiary hospital shown in Pittsburgh, Pennsylvania, the dis-
crepancy rate from July 2022-September 2023 showed on two patient
care units (Medical/Surgical and Progressive Care), 138 medication
orders for Vancomycin were completed. Out of those 138, the medica-
tion discrepancy reports voluntarily filed total 24. Thus, 17.4% of dis-
crepancies related to Vancomycin discrepancies were due to retiming
of dose, an expired drug, and missed window for obtaining accurate
peak and trough levels. This causes a misrepresentation of the trough
concentration if the drug is not administered at the proper time and/
or the level is not drawn at the correct time. There are no benchmarks
found nationally or in-house for Vancomycin. A 2018 study revealed
that less than 25% of trough levels were drawn within true trough
times [3]. Once the trough level was added to medication administra-
tion record, the outcomes were evaluated before (retrospective group)
and after (prospective group) implementation of this initiative [3].
The study reveals patients for whom a Vancomycin level was drawn,
24.0% of patients in the retrospective group had their first Vancomy-
cin level drawn within 2 hours of true trough, compared with 87.2%
of patients in the prospective group (p < 0.0001) [3]. With a delay or
untimely delivery of Vancomycin, this will add additional expenses
such as laboratory tests and medication. Furthermore, levels that are
too high can lead to renal toxicity and even progress to renal failure or
a need for dialysis. Levels that are too low can lead to subtherapeutic
treatment, worsening infection. Also, the impact of mistimed trough
levels can lead to improper dosing and extended length of stay [4].
Hospital daily costs vary per state.
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According to Davis [5], The average hospital stay is 4.6 days.
At an average cost of $2,873 a day, Americans need to work many
hours to cover these expenses. The duration of therapy for treatment
of Methicillin-Resistant Staphylococcus Aureus (MRSA). Skin Infec-
tions, such as cellulitis, may range from 5 to 14 days depending on
the extent of infection and response to current anti-infective therapy
[6]. Therefore, it is imperative that Vancomycin be given in a prompt
fashion with accurate peak and trough levels.

Vancomycin administration discrepancies may lead to an extended
hospital stay for patients. Hospital daily costs vary per state. Accord-
ing to Davis [5], The average hospital stay is 4.6 days. At an average
cost of $2,873 a day, Americans need to work many hours to cover
these out-of-pocket, added expenses of additional days in the hospital.
The duration of therapy for treatment of Methicillin-resistant Staphy-
lococcus aureus and skin infections, such as cellulitis, may range from
5 to 14 days depending on the extent of infection and response to
current anti-infective therapy [6]. A study cited in VanDort et.al. [7]
indicated that education in hospitals is done generally on antimicro-
bials but not specifically on the importance of Vancomycin, which
could improve therapeutic monitoring of the drug with healthcare
professionals. The goal of this Evidence-Based Quality Improvement
(EBQI) project is to find a successful way to safely improve monitor-
ing and dosing of Vancomycin.

Available Knowledge

One study by Peyko and Friedman-Jakubovics [3], shows two
groups being evaluated for Vancomycin trough compliance. The ret-
rospective group held all patients who received Vancomycin between
January 27th through April 26" of 2015 and the perspective group
were prescribed from March 14th through June 14th of 2016 [3]. Out
of the 228 patients, 24% of patients in the retrospective group had
a true trough level drawn Peyko and Friedman-Jakubovics [3]. This
brings to light, based on this study and others, that poor compliance is
in effect at many facilities. The goal of this project is to find a success-
ful way to safely improve monitoring and dosing of Vancomycin.

This study was a comparison of two groups that showed a multidis-
ciplinary approach to Vancomycin trough monitoring involving auto-
matic generation of trough orders, pharmacist. validation of trough
orders, and inclusion of trough orders in the nursing medication ad-
ministration record was successful in significantly improving timing
of Vancomycin trough levels [3]. It reflected a retrospective group (n
= 228) prospective group (n = 199). It was conducted at an 864-bed
teaching hospital at Kingsbrook Jewish Medical Center in Brooklyn,
NY, forming 326-acute care beds and 538 long-term care beds. [3].
This was a larger facility compared to the community hospital this
writer is evaluating. According to Peyko and Friedman-Jakubovics
[3], all patients for whom a Vancomycin level was drawn, 24% of
patients in the retrospective group had their first Vancomycin level
drawn within 2 hours of true trough, compared with 87.2% of patients
in the prospective group (p < 0.0001).

In addition to the earlier research, this exploration was also at a
larger hospital and the intervention stayed the same. The trough level
was placed on the medication administration record. Although there is
conflicting data regarding the clinical benefit of an EMR, one chron-
icle has found the EMR improves patient care by decreasing length
of stay and mortality [4]. Variables remain consistent throughout all
studies regarding timing of levels, which 2597 Vancomycin levels
were assessed. In this study, 41.3 % of the specimens were drawn too

early. Of the levels eligible for inclusion, 331 were in the pre-inter-
vention period and 297 were in the post-intervention period. Levels
in the post-intervention group using the Vancomycin MAR level order
were less likely to be missed or drawn at an incorrect time (11.1 %
vs 36 %, p < 0.01) and were less likely to require rescheduling (3.4
% vs 8.5%, p < 0.01) [4]. These samples yielded significantly higher
mean Vancomycin levels than correctly timed samples [4]. Based on
all reviews, Shah et al. [4] concluded that utilization of a Vancomycin
MAR level order was associated with a significant decrease in incor-
rectly drawn Vancomycin levels.

Subsequently, Mishra et al. [8] had a similar study with automating
Vancomycin orders for better monitoring. Mishra et al. [8] showed the
frequency of trough levels drawn between the third and fourth dose
increased from 58.6% to 75.8% (p <0.01). However, the percentage
of trough levels drawn within one hour of the fourth dose remained
unchanged, possibly because nursing staff waited for the result of the
level prior to administering the next dose of Vancomycin (Mishra et
al., 2019).

In a study conducted by Tung [9] focused more on the timing of
the medication and the difference with therapeutic monitoring. Time
discrepancies in administration and monitoring were documented that
patient harm may be possible. Fortunately, there was no documented
harm monitored in the study. Analysis revealed a start time discrep-
ancy ranging from 124 to 194 minutes. Tung et al. [9] study showed
19.1% had infusion start time discrepancy more than 10 minutes. Of
the 487 infusion interruptions, 2.5% lasted for more than 20 minutes
before the infusion resumed, 24.2% (312 of 1,287) of 1-hour infusions
and 32% (114 of 359) of 2-hour infusions had over 10-minute com-
pletion time discrepancy. A total of 487 infusion interruptions were
identified [9]. The education that this Researcher hopes to achieve
with education and policy awareness can aid with discrepancies in
administration and monitoring. Per Tung et al. [9], Clinical Decision
Support (CDS) tools for Vancomycin Therapeutic Drug Monitoring
(TDM) have been increasingly recommended to enable individual-
ized precision dosing, and they are most likely to utilize data entered
in the EHR to inform dosing decisions.

In a study conducted by Abdel Jalil et.al [10] at Jordan University
Hospital (JUH), Vancomycin discrepancies were identified between
the recorded and actual times of dose administration were noted in
83.9% of audited occasions. In comparison, such discrepancies were
noted in 82.7% of audited times of sample collection. In the present
study, the nurses were aware that recorded times were inaccurate. The
nurses stated they were aware of the incorrect times but needed to
accomplish their tasks due to work pressure.

VanDort et al. [7] focused on the education of Vancomycin moni-
toring. It was realized that the education needed to be specifically ded-
icated to this drug. This study was dedicated to physicians and nurses
to identify what methods were warranted as teaching methods. Many
surveyed staff preferred a multimodal approach which included inter-
active modules, educational meetings, handouts, frequent reminders,
and in-services. Although large presentations were also reported as
effective, there was not anything specific on Vancomycin noted, only
antimicrobials.

In summary, the previous studies regarding Vancomycin admin-
istration reveal that by adding the laboratory monitoring levels to
the medication administration records can promote compliance with
therapeutic monitoring of the medication. This is a shared goal with
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this researcher. Currently, the facility is utilizing a “sidebar” feature
in the electronic medical record to alert the nurse of any laboratory
monitoring that is needed for administration. Education specifically
for Vancomycin is needed upon orientation and ongoing to maintain
competency and knowledge on therapeutic drug monitoring.

Evidence-Based Model

The Iowa Model was the foundation for my education. It utilized
the steps in planning that were needed to provide the frontline staff
learning. The Iowa Model as listed in Melnyk & Fineout-Overholt
[11] consisted of distinct levels that compared to my clinical concern.
The problem that has been identified was an increased number of
Vancomycin medication discrepancies. This was identified through
nursing huddles on the patient units and through medication safety
committee reporting. It caused alarms for the pharmacy department
which in turn alerted nursing via the safety committee. The following
step consisted of whether these discrepancies were a priority of the
organization. This concern has been forthcoming for some time with
the ability to cause significant patient harm. The drug is examined
very closely with pharmacokinetic monitoring through lab work. This
drug is classified as a vesicant and is most effective in a narrow thera-
peutic window [12]. Discrepancies in administration and monitoring
of this medication has led to increased length of stay for the patient.
A study by Sault et.al., [13] showed that 77% of medical centers were
still using trough-based monitoring and that the main barrier to the
implementation of AUC monitoring was a lack of knowledge as well
as lack of time and frequent errors of timing of samples. As a result
of these inconsistencies, Zonozi et al. [14] show patients with an el-
evated trough level yielded longer average duration of Vancomycin
therapy (6.0 days vs. 3.4 days vs. <1 days, p<.001) increasing risk for
acute kidney injury and longer length of stay.

Form a Team

Shortly after the problem had been determined as a priority, a
responsible party had to formulate a leadership team to educate the
nursing staff and determine any policy and procedure discrepancies
that are occurring. As a doctoral student, the medication safety com-
mittee appointed me as the Researcher for finding the discrepan-
cies related to nursing administration and therapeutic monitoring of
Vancomycin. The team consisted of the Director of Nursing, a Lead
Pharmacist, Patient Safety, and the Quality Manager, as well as the
management team on the designated units. The external and internal
evidence continued to be reviewed and assessed regarding Vancomy-
cin monitoring through the voluntary discrepancy reporting system.
Subsequently, leading to the need for re-education on the policy.

Design and Pilot the Education

The Vancomycin policy is in place in the network electronic policy
manual. However, the hospital is experiencing generalized discrep-
ancies with Vancomycin on all units. The discrepancy rate from July
2022-September 2023 showed on two patient care units (Medical/Sur-
gical and Progressive Care), 138 medication orders for Vancomycin
were completed. Out of those 138, the medication discrepancy reports
voluntarily filed total 24. Thus, 17.4% of discrepancies related to Van-
comycin discrepancies were due to retiming of dose, an expired drug,
and missed window for obtaining accurate peak and trough levels.
The Researcher chose two units randomly-the medical/surgical unit
and the progressive care unit (with pharmacy approval) and provided
in-depth education regarding the policy and procedure pertaining to

Vancomycin administration and monitoring. The Researcher created a
ten-question multiple choice quiz produced from the policy and pro-
cedure guidelines. This quiz was validated and edited by two licensed
pharmacists in the organization. Vancomycin discrepancies were
monitored on these two units for three months prior to education. The
Researcher administered a pre-session quiz to test knowledge prior to
education. A post-session quiz was administered after the education as
well. Monitoring continued for the Vancomycin inconsistencies with
policy and procedure management for three months following the last
education session.

Specific Aims

The purpose of this project is to find a solution for a therapeutic
drug monitoring process for Vancomycin. The current policy of peak
and trough levels on the work list in the electronic medical record are
missed and/or retimed by nursing. One solution proposed in the litera-
ture is that the peak and trough level for Vancomycin should be added
to the MAR for better visibility for the nurses. In a previous study
by Peyko and Friedman-Jakubovics [3], the same intervention at a
large teaching hospital was performed. In that study, the Information
Technology (IT) Department added a “dummy order” for the neces-
sary timed-labs to the medication record with the Vancomycin [3].
Based on this 2108 study, the monitoring for Vancomycin was split
between two groups: In the pre- intervention group 184.9 + 84.8 min-
utes versus 58.3 £+ 60.7 minutes in the post-intervention group. This
would become visible for the nurses to obtain prior to administration.
The goal is to increase compliance with therapeutic drug monitoring
levels. If implementation of this intervention can occur, Vancomycin
trough monitoring involving automatic generation of trough orders,
pharmacist validation of trough orders, and inclusion of trough orders
in the nursing medication administration record may be successful in
significantly improving timing of Vancomycin trough levels [3].

As part of the EBQI project, this process has been requested via
a Criticality Report to the Informatics Committee at the Communi-
ty Hospital. The literature was submitted with the report for review.
The Researcher proposed the electronic Medication Administration
Record (MAR) change to include the peak and trough levels on the
MAR to the leadership and Informatics Council at this Community
Hospital. This concept was well received, especially by the Director
of Pharmacy. He confirmed that this process had been successful at
another facility prior to employment at this hospital. They also uti-
lized the same eMAR system. At the request of the directors, this Re-
searcher has been requested to present this innovation to the Hospital
Network Leadership Teams to impose a network change throughout
all their working eMAR systems. While this network change is under
review, an education process was developed by the Lead Pharmacist
and this Researcher developed to reiterate the importance of the Van-
comycin administration and monitoring process. The facility and the
EPIC electronic medical record system utilized the “sidebar” feature
that does alert the nurse when the monitoring level is due.

This is an improvement to the earlier monitoring in this system
where there was an independent “work list.” The prospective inter-
vention by the Researcher was to include the peak and/or trough lev-
els on the medication administration record as an order for the nurses
to view. The addition of the “sidebar” has satisfied the need currently.
Currently, the classification ‘medication discrepancies’ from July 1,
2022- February 28, 2023, consisted of 138 Vancomycin prescribed
orders on studied units with Vancomycin discrepancies totaling 24.
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That percentage equals 17.4%. This researcher believes that imple-
mentation of this intervention at this community hospital may benefit
from an increase in therapeutic drug monitoring of Vancomycin by
decreasing the discrepancies hospital wide.

Rationale

The common pattern that exists in all the present studies lists med-
ication errors based on improper management of monitoring. Nurses
are not permitted to alter the administration times of the Vancomycin.
Krukas et al. [15] confirmed that difficulties were noted when doses
and/or timing needed to be adjusted, including starting, restarting, and
stopping IV Vancomycin. Of the 39 events occurring during the mon-
itoring medication-use process stage related to Appropriate Therapy
Management, two-thirds (n=25 of 39, 64.1%) resulted in monitoring
medication errors [15]. Another flaw in the monitoring system is the
timed- trough levels. The levels are shown only on a work list. By
adding the levels that are due to the frequently viewed Medication
Administration Record (MAR), this has been shown to increase com-
pliance. Shah et al. [4] concurred that use of a Vancomycin MAR
level order was associated with a significant decrease on incorrectly
drawn or missed Vancomycin levels.

Context
Setting

This EBQI project will take place in a community hospital locat-
ed in Pittsburgh, Pennsylvania. This 356-bed hospital admits many
specialties ranging from Cancer, Cardiovascular, Women’s’ Health,
Medicine, Orthopedics and Wound Care. The current facility policy
for Vancomycin practice is as follows:

* MD enters order for Pharmacy to dose Vancomycin protocol.

* Nursing should have an admission weight (actual) charted in EPIC
(electronic medical record).

* Pharmacy retrieves the admission weight, places order for the
loading dose, maintenance doses, Vancomycin peak and trough
levels, monitors lab results, and adjusts maintenance doses based
upon results.

* Nursing is to follow orders for Vancomycin peak and trough via
the worklist in EPIC, administer the medication as ordered and as
scheduled. Document accurately. If there is any change needed to
the schedule of the medication or the Vancomycin peak and trough,
the registered nurse is to notify pharmacy so the orders can be
adjusted.

The initial team that will be pioneering this effort will consist of
pharmacists, quality improvement, patient safety, physicians, regis-
tered nurses, and educators.

The prospective intervention would be to include the peak and/
or trough levels on the medication administration record as an order
for the nurses to view. This order will be populated by the pharmacy
department upon receipt of the new order by physicians. Prior to the
intervention being implemented, nursing will be supplied education
by the Researcher. Ongoing education will be reinforced by the nurse
educators, assistant, and general managers on their perspective units.
The goal is to increase compliance with therapeutic drug monitoring
levels. This will be measured by a decrease in the voluntary electronic
discrepancy reports for the Vancomycin administration and monitor-
ing.

Participants

Education will be provided by the Researcher to all regularly em-
ployed registered nurses on two patient units. The total number of
nurses will be 28. The pharmacy department determined that the dis-
crepancies were throughout the hospital. The units chosen to begin
the education process were not the lowest or the highest number of
incidents. This was the starting point only.

IRB Review Process

The study was not considered eligible for IRB approval at the
Community Hospital. The only approval needed was a signed letter of
intent from the New Knowledge and Innovations Council for authori-
zation of the quality improvement project by the facility directors. An
IRB proposal was presented and approved by the IRB Review Board
at Carlow University.

Methods

The Vancomycin policy was in place. The hospital was experi-
encing generalized discrepancies with Vancomycin. The Researcher
chose two nursing units randomly to supply in- depth education re-
garding the policy and procedure pertaining to Vancomycin admin-
istration and monitoring. The literature did not yield a reliable and
validated tool. The Researcher created a ten-question multiple choice
quiz produced from the policy and procedure guidelines. This quiz
was validated and edited by two licensed pharmacists in the organi-
zation. Vancomycin discrepancies were monitored on these two units
for three months prior to education. The Researcher administered a
pre-session quiz to test knowledge prior to education. A post-session
quiz was administered after the education session also. Monitoring
continued for the Vancomycin inconsistencies with policy and proce-
dure management for three months following the last education ses-
sion.

The training sessions for all registered nurses will include the fol-
lowing list.

1. The purpose of this education is due to a lack of adherence to Van-
comycin administration policy and therapeutic monitoring identi-
fied by patient safety and pharmacy.

2. A pre-test containing ten questions will be administered with a
unique identifier prior to the start of the session. First letter of fa-
ther’s first name (A—Z), First letter of mother’s first name (A-Z),
Birthday — “01-31”, and Birth month — “01-12".

3. The training sessions are mandatory and will begin June 15, 2023-
June 30, 2023.

4. Sessions will be scheduled according to work schedule posting on
unit.

5. The number of registered nurses varied during sessions depending
on time of day and activity on the unit. Average 3-4 RNs per ses-
sion until all twenty-eight have been educated.

Included in the sessions

a. At the beginning of the shift, verify patient orders and who is on
Vancomycin.

b. Confirm that the actual height and weight are documented, and a
serum creatinine was obtained. These are absolute requirements
and must be documented for Vancomycin dosing to occur.
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c. Check orders each shift for laboratory orders related to Vancomy-
cin — peak, trough, or random.

d. Review daily monitoring note(s) from pharmacy which are avail-
able in the progress notes in electronic medical record for updates.

e. Read any associated administration instructions that may be on the
actual Vancomycin order itself.

f. Explain the narrow therapeutic window for effectiveness of this
drug and why timing is crucial.

g. Hemodialysis patients: Vancomycin should always be adminis-
tered after dialysis is completed.

h. Trough levels are drawn 30 minutes before administration of dose.
Peak levels are drawn 60 minutes after completion. Do not hold
doses waiting for results.

Pharmacy should be notified immediately with

i. Any deviation or change from established Vancomycin adminis-
tration times must be communicated to pharmacy staff.

ii. Doses must be administered within 60 minutes for accuracy.

=

iii. Initial dose or loading dose of Vancomycin is ordered to be given
STAT and should be administered promptly, approximately 30 min

after order placement and/or drug received on the unit.

iv. Any loss of IV access or any reason that may cause delays in ad-
ministration should be communicated as soon as possible to the
pharmacy.

v. Any missed lab draw should be communicated as soon as possible
to pharmacy.

1. Compliance of Therapeutic Vancomycin Monitoring will occur
following the completion of educational sessions beginning July 1,
2023- September 30, 2023. This will continue with the monitoring
of discrepancy reports.

2. A post-test after three months following the education session
will be administered to the same participants with the same unique
identifiers in the first two weeks of October 2023 to solidify obedi-
ence with the policy and procedures surrounding Vancomycin. If
post-test is less than 100%, re-education on the policy will occur
at that time.

Interventions

The intervention based upon earlier research to improve the out-
come of missed peak and/or trough levels, or retimed doses during
Vancomycin treatment is to add reminders for lab draws on to the
medication records. Meetings occurred between the Researcher and
Information Technology Team and Pharmacy Directors with propos-
als. Currently, the lab work reminders show on a separate work list.
There was hesitancy from the network team to agree to the MAR
addition. As a result, there was a middle ground started in EPIC called
the Sidebar. It shows the work list simultaneously with the MAR.
This does make it easier and more convenient to know when peak and
trough levels are due. This has been in effect during the three-month
post- monitoring of discrepancies. All stages of the project are the
responsibility of the Researcher.

The first stage is initiating the evidenced-based quality improve-
ment project. This was started by identifying the lapse in education
regarding the Vancomycin policy.

The planning of the project was discussed in detail with sched-
uled meetings with the Director of Nursing, Manager of Nursing
Quality, and Lead Pharmacist working closely with the Vancomycin
Task Force for error reduction. Planning was also discussed with the
Course Faculty Advisor at Carlow University for approval. The EBQI
project proposal was approved by the Internal Institutional Review
Board (IRB) at Carlow University. The Community Hospital did not
require internal approval as it was a Quality Improvement Project.
This plan consisted of formal education of 30 minutes with 3-6 nurses
with review of policy, pharmacokinetic procedure for Vancomycin, a
question-and-answer session and pre and post quiz.

Education began June 15, 2023-June 30, 2023, and continued until
all nurses had been educated on the two pre-selected units. The results
of the Vancomycin discrepancies will be reviewed by the voluntary
error reporting system. A lower percentage rate is anticipated after
education. Ongoing education will be performed by the unit manager,
educators, and annual education.

Education for the nurses regarding Vancomycin compliance and
monitoring focused on the need for strict timing for laboratory moni-
toring. The window for accuracy is very small. The risk of nephrotox-
icity is a possibility with improper monitoring and abnormal labora-
tory levels. The need to provide additional support is warranted.

The consensus of the referenced literature continues to support
this intervention for increased acceptance of the newly acquired ad-
dition to the process. By adding the laboratory levels to the medica-
tion administration records has shown improvement in previous stud-
ies. According to Peyko and Friedman-Jakubovics [3], the assigned
groups in the study showed a significant increase in compliance with
trough levels with automated orders being placed on the medication
administration records.

As noted by Shah et al. [4], A total of 1353 Vancomycin levels
were assessed, and 628 levels met inclusion criteria. The utilization
of Vancomycin MAR level order was associated with a significant de-
crease in incorrectly drawn Vancomycin levels.

Lastly, Mishra et al. [8] studied that automating monitoring orders
with medication orders decreased missed levels. The trough was au-
tomatically entered onto the medication administration record prior to
the fourth dose of Vancomycin [8]. It was confirmed that a decrease in
missed levels with MAR inclusion. The work was deemed successful
in the medical center.

Therefore, previous studies have shown success with automation
monitoring orders to the MAR. This current proposal would begin
with the physician order for the medication. Nursing will ensure that
a current actual weight is obtained and entered in the record. Phar-
macy will then begin the pharmacokinetic procedure for dosing and
assigning orders and levels to the medication administration record.
Currently the MAR contains bold reminders to verify levels. Howev-
er, by adding a peak and/or trough order to the actual MAR to sign-off,
it is less likely to be omitted as more nurses visualize the medication
record more frequently than the work list. The Information Technolo-
gy Department has begun utilizing a “sidebar” feature that shows that
worklist parallel to the MAR for easier access.
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Education

Baseline measurements for discrepancies were obtained through
the online electronic reporting system. The discrepancies were tab-
ulated and evaluated to form an educational platform for nursing to
facilitate understanding of the processes regarding the importance of
the Vancomycin procedure.

The education was created with the Researcher and Lead Phar-
macist to develop the education based on key features that have been
reported as ongoing discrepancies. The education was provided to two
separate nursing unit staff based on the frequency of discrepancies
from reporting and pharmacy discretion. The sessions were approx-
imately 30 minutes in length. Training sessions will begin June 15,
2023-June 30, 2023. There will be a pre- and post- quiz. An incorrect
score will be remediated for accuracy. The number of registered nurs-
es varied during sessions depending on time of day and activity on the
unit. Information was presented that included:

* At the beginning of the shift, verify patient orders and who is on
Vancomycin.

* Confirm the actual height and weight are documented. This is an
absolute requirement and must be documented for Vancomycin
dosing to occur.

* Check orders each shift for laboratory orders related to Vancomy-
cin — peak, trough, or random.

* Review daily monitoring note(s) from pharmacy which are avail-
able in the progress notes for updates.

» Read any associated administration instructions that may be on the
actual Vancomycin order itself.

* Hemodialysis patients: Vancomycin should always be adminis-
tered after dialysis is completed.

When to notify Pharmacy immediately

* Any deviation or change from established Vancomycin administra-
tion times must be communicated to pharmacy staff. Doses must
be administered within 60 minutes for accuracy.

* Initial dose or loading dose of Vancomycin is ordered to be given
STAT and should be administered promptly, approximately 30 min
after order placement and/or drug received on the unit.

* Any loss of IV access or any reason that may cause delays in ad-
ministration should be communicated as soon as possible to the
pharmacy.

* Any missed lab draw should be communicated as soon as possible
to pharmacy.

Education will explain why this process is so important and does
not allow for great deviation. To oversimplify it is because of the nar-
row therapeutic index of Vancomycin and what could go wrong if lev-
els are too high (or too low) [16].

Now that all the education is completed, monitoring of the elec-
tronic reporting system will continue. Problems that arose were
scheduling conflicts such as vacations, scheduled off days, leaves of
absences, separation of employment, and call-offs. Patient acuity and
staffing needs also dictated scheduling opportunities. The Researcher

N

made every attempt on every shift to accommodate schedules for all
registered nurses. Education sessions were completed in 2.5 weeks
[17].

Analysis

Data was obtained by pre, post, and post three-month quiz scores.
All scores (n=28) were added to an Excel Spreadsheet for analysis.
All separate quiz values were used [18]. A Wilcoxon Signed Rank
Test (non-parametric version of paired t-test) was performed to test if
there was a difference between the number of incorrect quiz answers
[19]. There was a statistically significant difference between pre and
post quiz answers (p value = <0.0001). There was a statistically sig-
nificant difference between post and 3-month errors (p value = 0.002)
[20].

Ethical Considerations

Participants were given an Informed Consent Document Without
Participant Signature prior to the start of the pre-test and education
session [21]. It reviewed the purpose of mandatory education. It dis-
cussed the minimal risks and assured participants that results would
remain secure and anonymous [22-24].

Results

The study assessed the effect of focused education on Vancomycin
training on monitoring and compliance with prompting a decrease in
Vancomycin discrepancies. All regularly employed full-time, part-
time, and casually employed registered nurses on the two selected
units were eligible to participate in the mandatory training. The total
number of participants totaled (n=28). To complete the project, the
participants were asked to complete a pre-test, post-test, and post
three-month quiz.

Summary of Findings
Comparison of Pre-, Post- and Post Three-Month Quizzes

A Wilcoxon Signed Rank Test (non-parametric version of paired
t-test) was performed to test if there was a difference between the
numbers in (Table 1). There was a statistically significant difference
(p-value = <0.0001) between pre and post quiz scores incorrect items.
There was also statistically significant difference (p-value = 0.002)
between the 10-item incorrect quiz scores post- and three-month.
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. Wilcoxon
Mean Standard Median Siened K
andar igned ran

n difference L difference g L. p-value

deviation test statistic

(post-pre) (post-pre)
(S)
Post - Pre 28 -2.04 1.32 -2.00 -162.5 <0.0001
3 Month -
28 0.89 1.29 1.00 81.5 0.002
Post
Table 1: Data Analysis of Pre and Post Mean Quiz Scores.

Table 2 displays a line graph with all three quizzes and their incor-
rect quiz answers. The average of each quiz is listed following each
group. On this chart, average for pre-, post-, and three-month- respec-
tively are three, one, and two.

Table 2: Line Graph Total Number of Quiz Errors Pre-, Post- and Post-
Three Month.

A Comparison of Both Patient Units: Medical and Progressive Care
Unit (PCU)

A Chi-square test was performed to test if there was an association
in discrepancy on the Medical Unit three months prior to education
and three months post education noted in (Table 3). There is no statis-
tically significant association.

. . Vancomy- Chi-Square
Medical/Surgical Yes No .
cin Orders Test
Prior to education April-June
4 10 14
2023 X2 =0.04
Post education 3 0 . p-value = 0.84
July-September 2023

Table 3: Vancomycin Orders with Discrepancies (Medical/Surgical).

A Chi-square test was performed to test if there was an association
in discrepancy in PCU Unit three months prior to education and three
months post education noted in (Table 4).

There is a statistically significant association (p-value = 0.03).

Progressive Care Unit v N Vancomycin Chi-Square

es [
(PCU) Orders Test

Prior to education April-

0 11 11
June 2023 X2=4.89
Post education 4 7 1 p-value =0.03
July-September 2023

Table 4: Vancomycin Orders with Discrepancies (Progressive Care Unit).

Observation Findings

The Vancomycin discrepancies on the Medical Unit prior and post
education equal seven.

Reasons included for discrepancies were two retiming of dose,
two mistimed lab levels, one physician order entry discrepancy, one
generalized IV administration fault and one omitted dose by nursing.
PCU equaled four discrepancies post education. Reasons included
discrepancies, three MD order entry discrepancies and one omitted
dose.

The Vancomycin Administration Data has been collected for three
months thus far. For July 2023, discrepancies included two nurs-
ing-related events. One was listed as a discrepancy for timing of ad-
ministration which was educated on in sessions, but the other was a
medication discrepancy related to IV administration (not specific to
Vancomycin). The second month of August 2023 showed two dis-
crepancies related to physician ordering and not nursing administra-
tion. The third and final month of the EBQI project in September 2023
showed three total errors. Two errors were mistimed doses, and one
was a physician order entry error. Many voiced acknowledgments of
information during the sessions. At the beginning of October, a three-
month post session quiz was completed by all registered nurses that
took part in the sessions previously to validate the education regard-
ing Vancomycin administration. The results reveal (refer to the chart)
that learning was accomplished with the education sessions previous-
ly to validate the instruction.

Summary/Interpretation

Largely, this EBQI project was successful in educating the nurs-
es regarding Vancomycin administration and monitoring compliance.
This project identified at what level the discrepancies were occurring
in the process. The nurses voiced understanding after the education
sessions and acknowledged shortcomings with the policy. Lastly, the
Director of Nursing and Pharmacy may adopt the education to all
nursing staff following the pilot program pending results. This will be
discussed with the Professional Practice Department about including
this valuable education in nursing onboarding for all new hires and
continued annually for all current employees. The benefit of educa-
tion will support the evidence for Vancomycin compliance. Pharmacy
will always be available as a resource for Vancomycin as questions
arise during the transition and uninterrupted administrations. The con-
tinued attention to Vancomycin can benefit the organization, for ex-
ample by decreasing repeat laboratory testing and inaccurately timed
medication.

Limitations

Scheduling conflicts posed a concern for the education sessions.
The Researcher rearranged sessions to accommodate schedules
during the allotted project window. The original number of partici-
pants was n=31 that received the education session, completed the
pre-and post- education quizzes. Three participants were removed
from the project when they were unable to complete the post three-
month quiz. Reasons for exclusion included medical leave and sepa-
ration from employment. The final number of participants was n=28.

Recommendations for Future Studies

Education is needed for nursing to recognize the importance of
Vancomycin administration and monitoring compliance on the patient
units. The discrepancy rate for nursing has decreased after education.
The inclusion of the “sidebar” on the eMAR for laboratory moni-
toring is a positive addition to Vancomycin compliance. This would
benefit nursing to be introduced upon hire and have periodic staff
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education to ensure compliance with Vancomycin protocol can con-
tinue. In addition, unit and department “huddles” can convene for
pharmacy and physician education to safeguard any identified misin-
formation regarding the order sets and medication policy.
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Appendix D

Vancomycin Pre-, Post-, and Post Three-Month Education
Quiz

Unique Identifier

First letter of father’s first name (A-Z)

(Example: C for Charles)

First letter of mother’s first name (A-Z)

(Example: C for Carol) Birth month — “01-12” (Example: 07 for July)
Birthday — “01-31”

(Example: 23 for 23" of the month)
Total Identifier: CC0723 (Charles and Carol, July 23™)
Please circle the correct answer

1. When should Vancomycin be administered if your patient is receiv-
ing hemodialysis?

a. Before dialysis

b. After dialysis

c. Either one

d. Patient is unable to receive this medication

2. Where will Pharmacy communicate about Vancomycin dosing?
a. In progress notes

b. On MAR

c. Over the phone

d. In person

3. Vancomycin STAT and/or Loading doses need to be administered
within minutes of scheduled time?

a. 15minutes
b. 30 minutes
c. 60minutes
d. 90 minutes

4. Do you hold the current dose of Vancomycin for current lab results
of the trough level?

a. Yes: The current dose is determined by the current level.
b. No: Since the level does not matter.
c. Yes: Only if the patient’s family says so.

d. No: The current level is used for monitoring and potential changes
on upcoming doses.

5. If you lose IV access prior to dose of Vancomycin and are unable
to obtain new access, what do you do?

a. Retime the dose of medication.

b. Mark the medication as “not given.”
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C.

d.

. Ask the physician for an oral dose of medication.

. Call the pharmacy and tell them access was lost for the current

dose.

. Anew patient arrives on the unit for administration of Vancomycin.

What important data is relevant for proper dosing by pharmacy?

. Height (estimated).

. Vital signs.

Height and Weight (not estimated) and Serum Creatinine.

Temperature only.

Questions 7-10 are linked

7.

The therapeutic window is small for Vancomycin to work. If a dose
is due at 9am for a 2-hour infusion,

what is the latest you can administer the dose?

a.

b.

930am

10am

. 1030am
. llam

. If ordered a trough level, when does it need to be obtained?

8am

. 830am

. 900am

. 930am

. If a peak level was ordered, when is the latest it must be obtained?
. 10am

. 1030am

. llam

. 12pm

10.Interventional Radiology calls for your patient at 845am to go for

C.

d.

their procedure. They asked that no medications be administered
during that time. You know the dose and trough are due- What do
you do?

. Call the Pharmacy

. Reschedule the dose for dinner time.

Reschedule Interventional Radiology.

Chart the dose as “Not Given.”

Appendix E

Answers to all quizzes

Unique Identifier

First letter of father’s first name (A—Z)

(Example: C for Charles)

First letter of mother’s first name (A—Z)

(Example: C for Carol) Birth month — “01-12” (Example: 07 for July)
Birthday — “01-31”

(Example: 23 for 23" of the month)

Total Identifier: CC0723 (Charles and Carol, July 23™)

1.

When should Vancomycin be administered if your patient is receiv-
ing hemodialysis?

. Before dialysis

. After dialysis (it will dialyze out of the body and not be effective)
. Either one

. Patient is unable to receive this medication.

. Where will Pharmacy communicate about Vancomycin dosing?

. In progress notes (daily notes by pharmacy per protocol)

. On MAR

. Over the phone

. In person

. Vancomycin STAT and/or Loading doses need to be administered

within_minutes of scheduled time?

. 15minutes
. 30 minutes
. 60minutes
. 90 minutes

. Do you hold the current dose of Vancomycin for current lab results

of the trough level?

. Yes: The current dose is determined by the current level.
. No: Since the level does not matter.
. Yes: Only if the patient’s family says so.

. No: The current level is used for monitoring and potential changes

on upcoming doses.

. If you lose IV access prior to dose of Vancomycin and are unable

to obtain new access, what do you do?

. Retime the dose of medication.
. Mark the medication as “not given.”
. Ask the physician for an oral dose of medication.

. Call the pharmacy and tell them access was lost for the current

dose.

. Anew patient arrives on the unit for administration of Vancomycin.

What important data is relevant for proper dosing by pharmacy?

. Height (estimated)
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d.

. Vital signs.

. Height and Weight (not estimated) and Serum Creatinine (This

will determine if renal impairment is present prior to therapy. Se-
rum creatinine is necessary to calculate the clearance)

Temperature only

Questions 7-10 are linked.

7.

The therapeutic window is small for Vancomycin to work. If a dose
is due at 9am for a 2-hour infusion,

what is the latest you can administer the dose?

a.

b.

930am

10am (60 minutes is the latest for Vancomycin dose accuracy)

. 1030am
. 1lam

. If ordered a trough level, when does it need to be obtained?

8am

. 830am
. 900am

. 930am (30 minutes after the start of infusion)

Nel

» Page 11 of 11+
. If a peak level was ordered, when is the latest it must be obtained?
10am
10: 30am
. 1lam

12pm (At least 1hr after completion of the dose- up to 2 hours after
dose)

10.Interventional Radiology calls for your patient at 845am to go for

their procedure. They asked that no medications be administered
during that time. You know the dose and trough are due- What do
you do?

. Call the Pharmacy (They will guide you per protocol how to pro-

ceed with dosing)

. Reschedule the dose for dinner time.

. Reschedule Interventional Radiology.

. Chart the dose as “Not Given.”
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