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ABSTRACT

Phase II Site:Wright-Patterson Medical Center (WPMC), Dayton, Ohio

Project Title: Improving Medication Labeling Compliance in the Wright-Patterson Medical

Center Operating Room Amongst Anesthesia Providers

Authors: Kelli Gruss, H. Tammy Huynh, and Shannon Nunnery

Background: An estimated 180,000 patients die annually from adverse medical events and a

significant cause is medication errors. Adverse events from medication errors in anesthesia are

second only to airway-associated events. These errors can lead to minor or major harm, patient

awareness, or death. Literature shows medication labeling compliance rates of only 36%, despite

the high-risk nature of many medications.

Clinical Question: Among anesthesia providers at Wright-Patterson Medical Center, how does

the implementation of a multifaceted intervention compared to standard practice affect

compliance with medication labeling standards?

Project Design: This was a quality improvement project divided into five phases. Phase 1

consisted of performing a baseline audit of disposed labeled syringes. Phase 2 involved a

baseline knowledge assessment of The Joint Commission (TJC) standards for medication

labeling. Phase 3 included implementation of customized pre-printed labels and staff education

on TJC medication labeling standards. Phase 4 consisted of a repeat audit as in phase 1. Phase 5

consisted of a repeat staff knowledge assessment and inquiry of likelihood of practice change.

The post-intervention data collected was compared to phase 1 and phase 2, respectively, to

demonstrate quality improvement.

Analysis of the Results: The EBP team utilized the paired t-test to evaluate the outcomes.
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Organizational Impact: Evaluation of medication labeling practices before and after the

intervention determined that medication labeling compliance was improved through a

multifaceted intervention. Improved medication syringe labeling compliance may decrease

medication errors, improve patient safety and reduce medication waste, however our project

focused solely on provider labeling practices. These actions coincided with the Defense Health

Agency’s (DHA) Quadruple Aim initiative and aligned with the DHA’s Strategy FY21 Campaign

Plan. Based on the results, we determined our intervention made a meaningful impact on staff

labeling compliance.
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Improving Medication Labeling Compliance in the Wright-Patterson Medical Center

Operating Room Amongst Anesthesia Providers

Patient safety is one of the most important aspects of patient care, yet medical errors still

frequently occur resulting in patient harm. Medication errors are one of the leading causes of

sentinel events despite protocols and guidelines meant to reduce the frequency. Improper

labeling and administration of the wrong drug or dosage have caused the majority of critical

incidents (Nanji et al., 2016). Medication labeling standards set forth by accreditation

organizations such as The Joint Commission (TJC) have been established to minimize these

errors and military treatment facilities (MTFs) are required to meet the standards they set. At

WPMC, the number of perioperative anesthetic-related medication labeling errors was difficult

to assess. Patient safety reports from these incidents were lacking; however, multiple safety

reports were made by the facility’s pharmacy department due to negligent medication handling.

This included improper storage of medications, medications without proper labeling, and

medications being used past their expiration date. Despite being aware of medication handling

policies, complacency from the staff and burdensome medication labels contributed to these

incident reports. Additionally, the policy needed strict reinforcement from leadership for staff

compliance. Medication labeling practices within WPMC’s anesthesia department may need

revision through a multifaceted intervention to reduce the possibility of medication errors,

improve patient safety, and comply with accreditation standards.

Problem Synthesis

An estimated 180,000 patients die annually from adverse medical events, and a

significant cause is medication errors (Prabhakar et al., 2015). Adverse events from medication
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errors in anesthesia are second only to airway-associated events (Prabhakar et al., 2015). These

errors can lead to minor or major harm, patient awareness, or death. A systematic literature

review of 98 relevant references by Jensen et al. (2004) states that 100% of studies

acknowledged “syringes should be labeled (always or almost always)” (p. 497). TJC (2021) has

recognized the importance of medication labeling on patient safety and set criteria under

National Patient Safety Goal 03.04.01 and Medication Management 05.01.09 for drug labels,

including medication name, strength, expiration date and time, time prepared, preparer’s initials,

amount of medication or solution (if applicable) and diluent name and volume (if applicable) for

all medications prepared in advance. Anesthesia providers prepare up to 20 medications in

advance, and this preparation commands a significant amount of the providers’ preoperative and

intraoperative time (Fraind et al., 2002). Medication-related tasks consume 20-30% of anesthesia

providers’ intraoperative time, 50% of standard pre-case preparation and up to 75% for cardiac

cases (Fraind et al., 2002). It is understandable that handwritten medication labels may not meet

all TJC requirements. Jelacic et al. (2015) showed anesthesia providers’ medication labeling

compliance rates at only 36% despite the high-risk nature of many of our medications.

Additionally, anesthesia providers have no systemic safety checks in place; prescribing,

obtaining, preparing and administering medications are carried out by a single provider. One

study surveyed 687 anesthesiologists, revealing 85% of participants had experienced at least one

drug error or “near-miss” (Orser et al., 2001). Previous studies relied on provider self-reports,

estimating a medication error rate of 1 in 133, but an observational study by Nanji et al. (2016)

found that a medication error or adverse drug event occurred in approximately 1 of 20

medication administrations and half of all surgeries. A literature review by Bekes et al. (2021)
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reported that 70% of perioperative medication errors involved incorrect dosing and 35% were

wrong drug administration. Accurate and complete medication labels for drugs prepared in

advance reduce the patients’ risk of wrong drug or dose administration.

According to Fraind et al. (2002), hand-written labels are often difficult to read and wear

off, and many providers experience difficulty tearing off pre-made standardized labels from the

rolls. The benefits of improving this process are increased compliance with the safety standards

as well as reduced costs by mitigating the risk of malpractice claims. WPMC’s anesthesia

department lacked an evidence-based approach to minimize the occurrence of medical errors

caused by incomplete medication labeling and thus could improve patient safety, decrease time

away from patient care, and increase compliance by updating their medication labeling process.

This, along with an increase in occurrence of pharmacy inspection failures, led the leadership

within the anesthesia department to request an evidence-based approach to mitigating this risk.

Relevance to Military Nursing

MTFs are the linchpin for military medicine in supporting operational units (Military

Health System [MHS], n.d.). The Defense Health Agency (DHA) utilizes the Quadruple Aim

Performance Process standardizing performance across the MHS for quality care (DHA, 2019).

This strategy integrates health care delivery and readiness, creating a foundation for the Combat

Support Agency’s mission. As part of the Quadruple Aim, improved readiness is at the center of

better health, better care, and lower cost. A total military force is dependent on quality care,

eliminating waste, and reducing generators of ill health. To assess the quality of care, MTFs are

accredited by nationally recognized organizations such as TJC, which have stringent criteria for

quality patient care. Despite efforts to thwart medication errors, medication safety remains a top
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focus for the MHS (MHS Review Group, 2014) citing medication errors as one of the top five

causes of process improvement investigations.

In addition to the Quadruple Aim, the DHA Strategy also includes the FY21 Campaign

Plan, which is an operational approach to execute four priorities: great outcomes, a ready

medical force, satisfied patients, and fulfilled staff (DHA, 2021). Improved patient safety,

including medication error reduction, is the centermost of these four priorities. Regardless of the

mission and objectives, the DHA’s strategic goal is to provide and maintain a healthy military

force which will be met through compliance with TJC standards. Wright-Patterson Medical

Center is the second largest MTF and provider of surgical care in the Air Force with 3,400

surgical procedures performed annually.

Clinical Question

We performed our literature search based on the PICO question: Among anesthesia

providers at Wright-Patterson Medical Center, how does the implementation of a multifaceted

intervention compared to standard practice affect compliance with medication labeling

standards?

Search Strategy/Results

Utilizing this question, we searched PubMed and CINAHL databases using the keywords

anesthesia, anesthetic, perioperative, medication administration, drug administration, drug safety,

Codonics, medication error, barcode scanning, barcode scanner, barcode scan, safe label system,

safe labeling system, electronic audit, provider compliance, compliance, TJC, and The Joint

Commission. We excluded articles that included the Federal Drug Administration or Food and

Drug Administration, limited our search from 2011 to 2021 for a 10-year span, and limited to
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peer-reviewed articles in CINAHL. We also utilized hand-searching in Google Scholar which

brought in one additional article. We received 853 results once duplicates were removed, 795

were irrelevant to our problem and 58 were reviewed in full text by one of our three team

members. Of those 58 articles, 53 were excluded for various reasons (23 no drug labeling

relevance, 13 wrong study design, eight wrong outcomes, three full texts not available, one each

for color-coding specific, no electronic labeling relevance, not in English, wrong intervention,

wrong patient population, and wrong subject population). Our PRISMA flow diagram is shown

as Figure A1 in Appendix A. The retained articles were evaluated with the Johns Hopkins

Appraisal Tool with levels of evidence ranging from I-III (one level I, three level II, and one

level III). All articles were appraised at B or good quality and are summarized in Appendix B.

We conducted a separate search to determine the most effective interventions to improve

medication labeling compliance behaviors. We determined that hand hygiene was a more studied

task that is analogous to medication labeling as healthcare providers know it is important, but are

not always consistent in performing. We searched PubMed using the terms healthcare workers,

behavior change, hand washing, and intervention or theory. Filters were applied for English

language, published between 2011 and 2021 for a 10-year span, and full text available. This

search generated 62 articles, 48 were screened as irrelevant, and 14 were reviewed in full text by

at least one member of our team. Of those 14 articles, eight were excluded for wrong

intervention, two for wrong study design, and one for wrong outcome. The PRISMA flow

diagram is included as Figure A2 in Appendix A. The three retained articles were evaluated with

the Johns Hopkins Appraisal Tool with one of each categorized as level of evidence IB, IIA, and

IIIA. These studies are summarized in the evidence table in Appendix B.
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Solution Synthesis

Our literature review clearly outlined the problem of medication errors in anesthesia, with

accurate syringe labeling as a cornerstone of wrong drug or wrong dose prevention. In the studies

reviewed, the consensus is that the optimal label will be legible, water resistant, save clinician

time, contain a barcode for electronic health record (EHR) integration, contain TJC-compliant

labels that meet American Society of Anesthesiologists (ASA) and International Organization for

Standardization (ISO) guidelines, and maintain continuity of medication from original vial to

administering syringe. The ASA (2020) recommends syringes include most prominently the

generic drug name and concentration in units per milliliter, as well as the date and time of

preparation, and the preparer’s name or initials. The ISO anaesthetic labeling guidelines set a

standardized color for each medication classification. For example, fluorescent red is used for

muscle relaxants and yellow for induction agents (Australian Commission on Safety and Quality

in Healthcare, 2015). Color-coding may help to quickly determine drug class but does not

differentiate between drugs of the same class or different concentrations of drugs, and does not

account for difficulties such as color blindness or low visibility working conditions.

There have been multiple studies that piloted ways to standardize and improve labeling

processes. One of them used pre-printed ISO standard labels which are typically available in

rolls using plastic dispensers. This is convenient and economical, but due to multiple sizes

necessary for both fluid bags and syringes, a large number may be required, and a concerted

effort is necessary to ensure the dispensers are kept clean and do not develop into fomites (Merry

et al., 2011a). In a study by Fraind et al. (2002), clinicians were frequently observed

experiencing difficulty removing these pre-printed labels from the dispenser above the anesthesia
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cart. The providers showed frequent frustration in performing this task, and several reported

cutting their knuckles on the label dispenser. These labels also have limited space so the preparer

is constrained in how much information can be included. Commonly, neither pre-printed rolls or

sheets are fluid resistant, and the time requirement and legibility of provider-written information

is not addressed.

An entire anesthesia workstation system is available, known as the SAFERSleep System.

This is a multimodal intervention incorporating systematically organized medication drawers,

pre-filled syringes of commonly used anesthetic drugs, a barcode scanning system connected to

speakers and a monitor, and is incorporated into the anesthesia charting system. An observational

study by Merry et al. (2011b) showed a lower medication error rate with this system (1 in 625

administrations) compared to the conventional system (1 in 303 administrations). The study

compared this system against conventional handwritten record keeping systems, so it may not be

applicable to WPMC. There was, however, overall provider preference for the system which may

indicate components that could be transferred into WPMC, such as pre-filled syringes of drugs

commonly used in anesthesia. A literature review of perioperative medication errors showed

pre-filled syringes are effective in reducing medication errors and were utilized in 53% of studies

reviewed (Bekes et al., 2021). Pre-filled syringes reduce provider preparation time, are prepared

in commonly used concentrations, and have a significantly longer shelf life than

provider-prepared syringes.

The interventions above only partially meet the optimal criteria. The Codonics Safe Label

System (SLS), is a point-of-care labeling machine used in over 700 hospitals worldwide

including the Department of Veterans Affairs and 25 MTFs (Codonics Patient Safety, 2021).
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Jelacic et al. (2015) describes the function and customizability of this FDA approved machine:

It scans the drug vial barcode and generates a compliant color-coded syringe label that is

adaptable to the recommendations of regulatory agencies and standards-setting bodies.

The user can modify the syringe label contents to generate a label that is compliant with

any labeling standards. (p. 410)

Once the original vial is scanned, the machine reads aloud the drug name and concentration. An

audible confirmation prior to drug preparation may reduce the chance of the wrong medication

being drawn up or administered. While the label is being generated, the clinician can prepare

their medication syringe, saving them valuable time. Once the label is affixed, the user can then

scan the label into their EHR (if equipped to do so) for administration charting. As of this

writing, several commercial anesthesia information management systems (AIMS) are capable of

scanning syringe label barcodes. However, none of the currently available AIMS feature the

robust capability of providing continuity between scanning the original vial barcode and

generating a corresponding syringe barcode label in the operating room. In the Jelacic et al.

(2015) study, the use of the Codonics SLS resulted in over 75% compliant syringe labels; only

those labels made by providers were deficient. In a separate study by Thomas et al. (2020), 100%

of the 669 syringes received a label with all required information in their post-implementation

audit. Several studies showed that respondents believed the Codonics SLS system was easy to

use, accurate, met their needs, printed labels quickly, improved safety and efficiency, and was

recommendable.

Despite the benefits of the Codonics SLS and SAFERSleep systems, there may be

barriers that prevent the utilization of this technology, most notably the significant cost
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associated with purchasing the required equipment. The anesthesia department at WPMC

requested purchase of the Codonics SLS but were denied sufficient funds to implement in the

operating rooms. In that situation, an analysis and implementation of behavior modification

interventions may improve provider compliance. Huis et al. (2012) discuss a strategy derived

from behavior change theories addressing various determinants of behavior change. These

determinants were categorized into nine areas: knowledge, awareness, social influence, attitude,

self-efficacy, intention, action control, maintenance, and facilitation (de Bruin et al., 2009, as

cited in Huis et al., 2012). A review of 41 studies showed the relative difference in compliance

correlated with the number of determinants of change addressed (Huis et al., 2012). Utilizing

two, three, four, and five determinants had, respectively, 25.7%, 42.3%, 43.9% and 49.5%

relative increases in compliance (Huis et al., 2012). Additionally, Huis et al. (2013) found that

the determinants of leadership and social influence were positively correlated with increased

compliance rates. Using a combination of these determinants to improve labeling compliance

may result in a more effective behavioral and cultural change compared to using a sole

determinant.

Focus Areas

Modification of providers’ behaviors through multifaceted intervention may improve

compliance. In order to meet this goal, four behavioral determinants were addressed: knowledge

with general information, awareness with risk communication, self-efficacy with guided practice,

and facilitation of behavior by providing customized pre-printed medication stickers with

prompts for a minimal amount of required information. The customized pre-printed medication

stickers met several needs: consistently comply with TJC medication labeling requirements, be
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easily incorporated into anesthesia providers’ workflow with simple instructions to use, and not

increase the time required to prepare medications.

Business Case Analysis

Our business case analysis (Appendix C) outlines three viable options to improve

medication labeling compliance among anesthesia providers at our facility and their cost-benefit

analysis.

The first option was to purchase the Codonics SLS for each of the 10 operating rooms at

our facility. There is an initial investment in the system and staff adjustment to a slight change in

workflow, but this option adds an audible medication confirmation in addition to fully compliant

labels for each medication prepared. With the added safety features of this system, this option

creates an estimated $1,773,075 in savings, primarily through averted litigation. Adding new

systems to the operating room requires authorization beyond our local administration, which

prevented the implementation of this intervention.

The second option was to utilize pre-filled syringes for commonly used medications -

especially emergency or high risk medications such as vasopressors and paralytics. This option

reduces provider workload, ensures consistent preparation and concentration, and may prevent

medication waste from medications being prepared but not used. A significant concern with this

plan is that pre-filled syringes from manufacturers are at risk of supply chain shortages and did

not solve the problem for all the medications used by anesthesia providers.

The third option was to provide the anesthesia providers with education on TJC

medication labeling requirements, risks of improperly labeled medications, and provide

customized pre-printed labels daily. Providers may not have had knowledge of what is required
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on a medication label and compliance could be improved through education and fostering of a

patient safety culture. This plan was low cost and decreased provider time spent labeling by

minimizing the information providers were required to place on the labels. It required

reinforcement to maintain staff vigilance and become ingrained into the workplace culture, and

placed additional workload on the anesthesia technicians who printed label sheets daily.

Reinforcement was provided by posting a visual reminder of labeling requirements on anesthesia

medication carts in each operating room and customized labels provided daily on those carts.

After comparing the pro/con analysis for each of the proposed plans, option three was the

best course of action to increase medication labeling compliance amongst anesthesia providers.

Increasing provider knowledge and awareness combined with provision of customized labels

may reduce provider workload while providing a consistent, sustainable, and low cost solution to

improperly labeled medications.

Organizing Framework

We utilized the Reach, Effectiveness, Adoption, Implementation and Maintenance

(RE-AIM) model as a reliable tool for translation of our research into bedside practice (RE-AIM,

2021). This framework has been widely applied to assess the impact of individual interventions,

especially when applied to the study of changes in behavior. Model diagram is included in

Appendix D.

Reach: How do we reach those who need the intervention?

An educational in-service with an interactive activity was presented during training day

and department meetings specifically for the intended target population--anesthesia providers.

Effectiveness: How will we know our intervention is working?
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Labeling compliance rate determined by performing audits of labeled syringes pre- and

post-intervention was the key indicator of success.

Adoption: How do we develop organizational support to deliver our intervention?

The anesthesia administration at this MTF is committed to enhancing unit practices for

the safety of their patients. Leadership support is already in place for our intervention. We

developed support from the stakeholders by demonstrating that our intervention is more

compliant with TJC requirements and less work for them.

Implementation: How do we ensure the intervention is delivered properly?

1) The education was delivered utilizing elements based on human behavior-change theory,

a format widely accepted and utilized when implementing new interventions in the

workplace.

2) Staff knowledge was assessed pre- and post-education. The post-education survey

administered included a Likert scale to gauge likelihood of continued behavior change.

3) We met with administration and developed a standardized plan for monitoring the project

which included timelines, training, and identification of collectors.

Maintenance: How will the intervention be incorporated so it becomes routine?

In order to maintain the behavioral change, individualized medication labels with

fill-in-the-blank time prompts were provided daily in all operating rooms by the department’s

anesthesia technicians. Poster cues were placed on preparation stations as a reminder of complete

medication labeling practices. Re-evaluation of compliance was conducted in the same manner

as the initial evaluation approximately one month post-implementation.
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Project Design

General Approach

Our intervention, utilizing the RE-AIM model, followed Huis et al.’s determinants of

change and addressed four different areas: knowledge, awareness, self-efficacy, and facilitation

(2012). For the knowledge determinant, anesthesia staff was presented with educational training

and written information on TJC requirements for medication labeling. The awareness

determinant was addressed during this training by communicating the risk of non-adherence

including statistics on medication errors resulting in patient harm. Self-efficacy included a

guided practice where a blank medication label was provided to anesthesia providers with

instructions to write all of the required information followed by feedback. The staff was then

provided with the new customized pre-printed labels and asked to complete them per TJC

requirements. Finally, to facilitate and maintain the behavioral change, customized pre-printed

medication labels with fill-in-the-blank time prompts were provided daily to all anesthesia

providers following the initial educational in-service.

Medication syringes with any label were audited over a two week period across all 10

operating rooms to determine baseline TJC medication labeling compliance. Anesthesia staff

knowledge regarding TJC labeling requirements was evaluated through an anonymous

questionnaire prior to the initial in-service. An educational presentation about TJC medication

labeling requirements included a labeling practice exercise and was delivered during a scheduled

training day and the following two weeks during the department’s weekly meetings. Following

the presentation, a repeat syringe collection and audit was performed approximately a month

later using the same methodology. A repeat post-education anonymous staff knowledge
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assessment was also disseminated and included the staff’s evaluation of the new labels.

Setting and Population

The setting of this project was located at WPMC’s anesthesia department. Syringe

collection was performed in all 10 operating rooms that had scheduled cases and the bins were

placed at the anesthesia workstations. The department consisted of 23 anesthesia providers to

include anesthesiologists and certified registered nurse anesthetists. All anesthesia providers

working within these operating rooms during the data collection window were instructed to

dispose of used syringes in the collection bins without sharps.

Procedural Steps

Phase 1 was the baseline compliance audit (timeline included in Appendix E). Collection

bins were placed in all open operating rooms and anesthesia providers were given instructions

via email and visual signs to deposit all medication syringes into the bins for two weeks. At the

end of each day, the bins were collected by the anesthesia technicians. Utilizing proper personal

protective equipment, there was a daily audit performed by a team member who entered the data

into a designated tracking spreadsheet. Syringes with any label were audited for compliance

with the following TJC medication labeling requirements: medication name, strength, date

prepared, time prepared, and preparer’s name/initials. The tracking spreadsheet is included in

Appendix F. Staff was not informed of what was being evaluated in an attempt to avoid

artificially high compliance. Syringe collection modified the normal workflow slightly

(dedicated collection bins for syringes only, not sharps) to maintain the safety of our team and

we recognized that resistance to this change may have limited our analysis.

Phase 2 consisted of an anonymous knowledge assessment provided to all anesthesia
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providers evaluating baseline knowledge of TJC labeling requirements. The answers and results

were consolidated by team members. The knowledge assessment is included in Appendix G.

During phase 3, an educational presentation was delivered to anesthesia staff during a

mandatory training day and repeated the following two weeks during the weekly department

meeting. The presentation explained the risks of incomplete medication labels, TJC requirements

for medications prepared in advance, and included a practice activity of providers labeling with

both the current pre-printed stickers and a new customized sticker with blank time prompts. The

presentation content is included in Appendix H. One week following the educational sessions,

customized pre-printed labels were provided on a daily basis to staff who were scheduled to

work in one of the 10 operating rooms; an example label page is included in Appendix I.

For phase 4, two weeks after rolling out the new medication labels, we repeated the

anonymous knowledge assessment with all anesthesia providers evaluating post-education

knowledge of TJC labeling requirements. This assessment also offered providers an opportunity

to share perceived barriers to medication labeling and evaluation of the new labels. Results and

answers were consolidated by team members. The post-education knowledge assessment is

included in Appendix J.

Phase 5 was a post-intervention audit one month following education dissemination.

Again, collection bins were placed in all open operating rooms and anesthesia providers were

given instructions via email and visual signs to deposit all medication syringes into the bins. At

the end of each day, the bins were collected from each room by the anesthesia technicians. The

collection continued until the amount of syringes audited met or exceeded the total number of

syringes audited during the baseline collection. Utilizing proper personal protective equipment,
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there was a daily audit performed by a team member with the data inputted into a designated

tracking spreadsheet. The data audited included the previously listed TJC medication labeling

requirements using the same tracker.

Data Analysis Plan

The independent variable for the data analysis plan was educating the staff on medication

labeling to include all components mandated by TJC and provision of pre-printed medication

labels. The data source was the department’s staff education records. The possible range of

values was zero before the intervention was implemented and one for post-intervention. Since

the values do not have any logical order, a nominal level of measurement will be utilized. The

time frame for data collection included a baseline audit two weeks pre-intervention followed by

an audit one month post-intervention.

The dependent variable is the medication labeling compliance percentage as dictated by

TJC requirements. Compliance will require all TJC components to include medication name,

strength, date prepared, time prepared, and preparer’s name/initials. The dependent variable will

have an outcome type of measure, therefore the variable description will be the mean percentage

of medication labeling compliance. The mean will be calculated before and after the intervention

is implemented. The data source was an audit of disposed syringes that fit the inclusion criteria.

The possible range of values were 0 to 100%. Since the results were ranked in order, a

quantitative level of measurement is indicated with an interval data type. Similar to the

independent variable, the time frame for data collection included a baseline audit two weeks

pre-intervention followed by an audit two weeks post-intervention. The appropriate statistical

test was the paired t-test. Based on the evidence from our literature search, the decision rule was
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a 75% increase in compliance to determine if our multifaceted intervention led to a change in

practice.

An additional dependent variable was the percentage of correct answers during the

knowledge assessment. The mean percentage of correct answers on the knowledge assessment

was calculated pre- and post-educational intervention, which used an outcome type of measure.

The possible ranges of values were 0 to 100% and as such, was a quantitative level of

measurement with an interval data type. The time frame for collection of data was two weeks

pre-intervention followed by two weeks post-intervention. The appropriate statistical test was the

paired t-test. Detailed data analysis table included in Appendix K.

Potential Barriers and Dissemination Plan

Medications which are prepared and administered immediately do not require labeling.

We excluded any syringes without labels as we assumed they were used for a medication that

was prepared and dispensed in this manner. Staff may have disregarded instructions to use the

collection bin and instead disposed of syringes in the sharps container which we were not able to

evaluate. We mitigated this limit by placing our collection bin in close proximity to the normal

sharps box with a label stating “Syringes only here” as a visual reminder. Staff schedules and

various requirements across different departments limited our ability to capture behaviors of all

staff members as some may not have been working in the main operating rooms during one or

both of our collection periods. Behavioral modifications in the health care setting require a

cultural change and our providers were exposed to four specific behavior change determinants:

knowledge, awareness, self-efficacy, and facilitation of behavior. Knowledge and awareness

dissemination was provided to all staff over several sessions, however, some staff members may
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have not paid attention to the educational in-service or material that is provided to them.

Additionally, guided practices required active participation from staff members, but some

providers were not available due to scheduling conflicts or patient care and were unable to

participate. During a mandatory training day, staff members might have avoided participation or

attempted to hasten the activity, which is not conducive to behavior change. Finally, despite

stocking all operating rooms with the new labels that contain prompts, old habits may have

prevented an effective behavioral and cultural change.

During the entire process, multiple limitations and barriers were identified and

encountered. Prior to project initiation, the pharmacy department filed multiple patient safety

reports against the anesthesia department for medication mislabeling and mishandling. This led

to strict reinforcement of medication labeling practices. As such, the baseline audit results may

have been skewed leading to artificially higher compliance. Additionally, multiple staff

suspected the baseline audits were evaluating medication labeling compliance. This could have

caused practice modifications aligning with the Hawthorne Effect, which is a tendency for an

individual to change their behavior due to awareness of being observed. The Hawthorne Effect

was especially noted from other nurse anesthesia residents who were vaguely familiar with the

project and were compliant with their medication labeling practices.

The availability of staff made it difficult to disseminate information. Our anesthesia

providers had commitments other than clinical duties. These providers included members of the

Air Force reserve unit who intermittently practiced at WPMC as part of their commitment and

active duty members who were assigned to a teaching position nearby, but practiced at the

WPMC to retain their clinical skills. Due to the variety of anesthesia staff positions, some
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providers did not receive the educational in-service or complete a pre- or post-intervention

knowledge assessment.

The stickers used for the customization of pre-printed labels did not have a strong

adhesive to stay completely on any size of syringe. Despite trying different methods to place the

stickers on the syringe (e.g. vertical versus wrapped around the diameter), we were unable to

resolve the issue. Due to this, some of the post-intervention samples may have been missed as

the syringes appeared unlabeled.

Following completion of the data analysis, results were presented to the department at a

staff meeting and shared with the medical director via in-person meetings. Our project may be

presented at the Uniformed Services University research week.

HIPAA Concerns/Ethical Considerations

There were no violations of the Health Insurance Portability and Accountability Act

(HIPAA) with this intervention as patient information and records were not collected or

accessed. The staff performing audits of medication labels were already trained on HIPAA

policies and work within the operating room environment. Staff knowledge assessments were

completed anonymously. It is possible that providers felt compelled to use the new customized

medication labels because they were personalized to the individual. In order to mitigate any

concern of retribution for not using the labels, no record of provider names or initials were kept

during the compliance audits. Project design was reviewed by the facility’s Institutional Review

Board (IRB) and determined as not research and exempt from IRB approval.

Project Results

Baseline Syringe Audit
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A total of 535 syringes were collected during the 2-week period. Unlabeled syringes were

counted but excluded from label tracking, assuming they were used for immediate

administration. Of the total 535 syringes, compliance for correct medication name was the

highest at 532 (99.4%). 404 (75.5%) of syringes had strength per milliliter (mL) (concentration),

211 (39.4%) had date prepared, 182 (34%) had time prepared, 171 (32%) had preparers initials,

and adherence in all labeling categories was 165 (30.8%) of the 535 total.

Post-Intervention Audit

A total of 537 syringes were collected over 2 weeks in 2022 utilizing the same methods

discussed in the baseline audit. Of the 537 syringes, compliance for correct medication name was

once again the highest at 536 (99.8%). 510 (95.0%) of syringes had strength per mL

(concentration), 426 (79.3%) had date prepared, 290 (54%) had time prepared, 423 (78.8%) had

preparers initials, and adherence in all labeling categories was 260 (48.6%) out of 535 total. This

post-intervention audit showed an increase in completed medication labels of 17.8%, which was

a 58% improvement from baseline compliance. Results are summarized in Figure 1.

Baseline Knowledge Assessment

A total of 19 anesthesia providers were surveyed on their knowledge of required

medication labeling standards prior to education from our team. Out of 19 respondents, only two

(10%) correctly stated that the TJC does not require all medication syringes to be labeled, citing

the exception of immediate use medications. Nine respondents correctly listed all five criteria

(45%), five listed four criteria (25%), three listed three criteria (15%), two listed two criteria

(10%), and one did not respond to the question (5%).

Figure 1
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Syringe Labeling Compliance

Figure 2
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Post-Intervention Knowledge Assessment

At the time of the post-intervention knowledge assessment, many providers weren’t

available for participation and only nine staff members completed the assessment.

Of those respondents, 1 (11%) correctly stated that the TJC does not require all medication

syringes be labeled. Eight out of nine correctly listed all five criteria for syringe labeling and one

provider had four out of five correct. Results are summarized in Figure 2.

Analysis of the Results

Statistics were performed using Microsoft Excel. Target medication labeling compliance

was approximately 44% following our multifaceted intervention, with 80% power and level of

significance at 0.05, the minimum required sample size was calculated to be 300 syringes per

audit for the study. We collected syringes over ten days for the baseline audit and collected an

additional day for our post audit in order to obtain an equal or greater number of syringes. A

directional one-tailed student's t-test was used to assess differences in compliance for categorical

variables.

Syringe data collected had a p-value of < 0.01 for medication concentration, date, time,

and preparer’s initials, reflecting a high significance and suggesting the multifaceted intervention

was effective. P-value for medication name was 0.157 due to the baseline high compliance rate

with this component. Total compliance rate of complete medication labels increased 58 percent

from 30.8 percent pre-intervention to 48.6 percent post-intervention. This increase exceeded that

expected (43.9%) based on the behavior change literature we reviewed and modeled our

interventions on utilizing four determinants of change (Huis et al., 2012). With the pre-knowledge

result 2 out of 19 (10.5%) answering all question components correct and post knowledge result 1 out
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of 9 (11.1%) answering all correct, there is a statistical improvement with education, but the small

number of returned post assessments in relation to pre assessments skews the data. There was an

increase in correct response rate post-intervention for four of the five label components which

points to an increased staff knowledge. The question with a low correct response rate on both pre

and post-intervention assessments asked if TJC required labeling of all medication syringes. It

was our team's intent to use that question to ensure staff understood that medications that are

prepared and immediately administered do not require a label, but our question may not have

been clear and was not tested prior to presenting it to the anesthesia staff.

Overall, the label intervention was well received. Below, figure 3 shows the staff’s

likelihood of continued use of the customized label sheets.

Figure 3

Staff Likelihood of Continued Customized Label Use

To improve the sustainability of the project, we solicited feedback on areas for

Likelihood of Continued Customized Label Use 

= Very unli ely 

2 = U Ii ely 

3 = eutral 

4 = Li ely 

5 = Very Li ely 

1 2 3 4 5 

# of Responses 



31

improvement and reasons for resistance. Top complaints were time constraints, inadequate

adhesiveness, and legibility (certain pens wouldn’t write on provided labels). Of note, one of the

respondents shared a personal belief in which, “I don't need date and time if I'm the one drawing

up and administering medication.” Another expressed frustration about current MTF “policy to

not procure efficient and evidence-based labeling systems for the medical center (e.g., Codonics

or similar system).” Potentially creating a process with a single point of failure (what if the

appointed person was out sick, etc.) was a concern that was mitigated by appointing a secondary

person to print labels in the morning.

Proposed Organizational Impact and Implications for Practice

Staff members increased their labeling compliance when more of the information was

already completed for them. This was consistent with the literature evaluating label printing

systems in that labels are complete when provided to the staff, but are not complete when any

component is left to the staff to complete. Staff members are more likely to be compliant when a

task reduces time spent during their workflow. Our pre-printed labels were a low-cost option that

continued the change determinant of facilitation of behavior by making it easier than the

previously provided sticker rolls, but still required the provider to note the time on the label.

Medication label rolls were also less frequently restocked since providers received new labels

each day, making it less convenient to revert to the previous process. Each provider frequently

had over half of their labels remaining on the printed pages that could not be used for future

days, creating excessive waste and printer ink usage. Implementing a computer-based medication

labeling system would remove the providers’ work entirely from labeling, might raise rates of

medication labeling compliance, and reduce support staff workload.
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Future Directions for Research and Practice

Our results show that changing staff behaviors involves more than just education.

Department culture can be changed through a multifaceted approach addressing several

determinants of change and by making the new behavior easier than the old. We believe this

approach can be applied to change other behaviors using low-cost, low-tech interventions and the

RE-AIM model. Our customized labels and staff education could be easily customized to a

departments’ needs, are low cost, and can be implemented without delay in any anesthesia

department that wishes to use it. The originally desired Codonics SLS would remove the staff

requirement to add information to medication labels entirely. Follow-up medication labeling

compliance audits at any of the MTFs using Codonics could yield more insight to its

effectiveness in increasing TJC compliance. Finally, an observational study evaluating

medication errors specifically looking at wrong drug or dose pre and post medication labeling

process improvement can further detail if or how medication labeling directly impacts patient

care.

Conclusion

Standard medication labeling practices are cumbersome and time consuming in order to

meet TJC requirements. While systems exist to streamline the medication syringe labeling

process, not every hospital has a budget to obtain them. The recent transition of MTF budget

oversight to the Defense Health Agency was our limitation in obtaining the Codonics SLS

despite several MTFs already utilizing that system. Civilian hospitals may have many more

operating rooms to supply those systems for and all hospitals’ budgets have been impacted by

COVID through longer hospital stays and reduced ability to offer elective procedures. In lieu of a
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new labeling system, a multifaceted behavior modification program was implemented at WPMC

to improve medication labeling compliance. Once pre-printed labels were provided, there was a

drastic improvement in compliance with all components of a complete label. The least significant

change was on the one component (time) that was left blank for the provider to complete. This

phenomenon shows that process improvements work best when doing the desired behavior is

easier than the existing alternative - people prefer to take the path of least resistance.
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Appendix A

PRISMA Flow Diagrams

Figure A1
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Figure A2
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LabelSystem
®

(C
odonics,

C
leveland,O

H
),an

autom
ated

labeling
system

(A
LS),

w
ould

increase
com

pliance
w
ith

bestpractice
drug

labeling
guidelines

w
hile

m
aintaining

useracceptability
in
the

operating
room

s(O
R
s)

1.
Single-center,
prospective
quality

im
provem

ent
evaluation
designed

to
m
easure

m
edication

discrepancies
before

and
after

im
plem

entation
ofthe

A
LS

2.B
aseline

auditw
ith

convenience
sam

pling
of

syringes
N
ovem

berto
D
ecem

ber2015
w
ith

labeling
elem

ents
determ

ined
by

A
SA

,TJC
,

A
STM

,and
ISO

1.B
efore

im
plem

entatio
n,696
syringes
audited
2.A

fter
im
plem

entatio
n,433
syringes
audited

3.72
outof85

(84%
)

anesthesia
providers

participated
in

anonym
ous

user
acceptability

survey

1.Labeling
data

collected
by

convenience
sam

pling
of

allO
R
s

M
onday

through
Friday

before
case

starts
untiladequate
num

berof
syringeshad
been

sam
pled

in
each

phase
ofthe

study
2.C

ollected
user

acceptability
data

by
electronic
survey

3a.C
hildren’s

hospitalw
ith

14
sterile

O
R
s,2

1.IV:B
efore

im
plem

entati
on

ofA
LS

(control)→
N
om

inal
2.IV:

Im
plem

entati
on

of
C
odonics

m
achine

for
labeling

(intervention)
→

N
om

inal

1a.Percent
of

m
edication
labeling
adherence
→

R
atio

1b.R
ate

calculated
as

the
num

ber
ofm

issed
labels

divided
by

totalnum
ber

ofsyringes
m
easured
thatday

1.D
ata

sum
m
arized

asm
ean

plus
standard

deviation
or

percentage
distribution

as
appropriate

2.
Frequencies

w
ere

calculated
for

categorical
outcom

es
and

presented
w
ith

W
ilson

95%
confidence
intervals
3.Likert
scoresfor
user

acceptability

1.
Pre-im

plem
e

ntation:330
of696
syringes
(47.4%

;
95%

C
I,

43.7%
-51.1

%
))w

ere
either

m
issing

a
labelor
labeling
elem

ents.
2.A

fter
im
plem

entat
ion:100%

of
allsyringes
received

a
labelw

ith
the

com
plete

required
labeling

inform
ation

(p<.0001)

1.C
onsistent
study

conditions
w
ith

clearly
w
ritten

protocolsfor
researchers
to
follow
2.

Intervention
transportable

to
real

clinical
environm

ent
3.

M
easurem

en
tshave

high
test-retest
reliability

1.D
id
not

coverall
anesthetizing
locations
w
ithin

the
hospital

2.Study
ran

overa
lim

ited
tim

efram
e

and
results

m
ay

have
im
proved

or
could

be
a

decrease
in

adoption
overtim

e
3.Single

convenience
sam

ple
of

labeled
syringes
lim

ited
the

evaluation
of

every
syringe

atalltim
es

IIB
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3a.“G
o-live”

w
ith

2
daysof

hands-on
training

to
all

anesthesia
providers

3b.R
epeated

the
auditof

convenience
sam

pling
post

im
plem

entation
5.A

nonym
ous

survey
w
as

distributed
electronically
to
providersto
assessuser
acceptability

cardiovascula
rO

R
s,and

nine
non-sterile
procedure
room

s
3b.FourO

R
s

used
and

chosen
based

on
theirhigh

caseloadsand
case

types
4.A

ttending
anesthesiologi
st-supervised
anesthesia

residentsand
fellow

s,
certified
registered
nurse

anesthetists
(C
R
N
A
s),

and
certified

anesthesia
assistants
(C
A
A
s),as

w
ellas

non-supervisi
ng,solo
practicing
attending

anesthesiologi
sts

ofthe
intervention
sum

m
arized

asm
edians
w
ith

interquartile
ranges
4.C

hi
squared

test
used

to
com

pare
the

rate
of

m
issed
labels
betw

een
tim

e
periods.

P
values<.05
considered
statistically
significant

3.A
ll

respondents
agreed

or
strongly

agreed
that

the
system

w
aseasy

to
use,

accurate,
m
ettheir
needs,
printed
labels
quickly,
im
proved

safety
and

efficiency,
and

w
as

recom
m
ende

d4.
Im
plem

entat
ion

ofnew
technology
asnot

disruptive
to

w
orkflow

4.Trainees,
C
R
N
A
s,

C
A
A
,and

attending
anesthesiolog
istsm

ay
not

be
generalized
to
different
hospital
settings

5.Verbiage
ofsurvey
questions

w
aspositive,
how

ever,
there

w
ere

opportunities
to
give

low
scoresfor
any

ofthe
questions
asked
6.

C
onvenience
sam

pling
m
ay

cause
bias

A
ng

etal.,
2014

1.Testthe
C
odonicsSafe

Labeling
System

to
identify

risks,

N
one

specified

1.B
aseline

survey
2a.

O
bservational

1.B
aseline

survey
w
ith

25
anesthesia

casesduring

1.O
ne

operating
room

w
as

selected
for

1.IV:
C
onventional
labeling

1.Percentof
com

pliance
w
ith

m
edication

1.C
hi

square
testing

used
to
assess

1.B
aseline

study:
C
om

pliance
in
all

1.O
ne

consistent
trained
observer

1.Possible
H
aw

thorne
effectw

ith
presence

of

IB
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benefits,and
usability

2.D
eterm

ine
if

there
w
asa

difference
in

com
pliance

or
m
edication

error
rate

betw
een

conventional
labeling

versus
the

use
ofthe

C
odonicsm

achine

study
consisted

ofrandom
ized

study
w
ith

conventional
labeling

versus
the

use
ofthe

C
odonics

m
achine

w
ith

data
collected

overtw
o

m
onthsin

2012
2b.Labeling
technique

w
as

random
ized

daily
w
ith

blinded
draw

of
paperslips
draw

n
by

a
third

party
w
ho

w
asnot

involved
in
the

study
3.U

ser
acceptability

survey
designed

w
ith

inputfrom
the

university
H
um

an
Factors

D
epartm

ent
w
ith

39
anesthesiologist
sand

residents
w
ho

had
hands-on

experience
w
ith

C
odonics

m
achine

during

w
hich

212
syringesw

ere
prepared

from
223

drugs
2a.

O
bservational

study
w
ith

47
casesw

ith
330

syringes
prepared;75
syringesw

ere
im
m
ediate

use
(doesn’t
require

labeling
per

TJC
standards)

therefore
255

syringesused
for

determ
ining

labeling
com

pliance
2b.Sam

ple
size

calculated
to
be

81
syringesper
arm

sforthe
random

ized
study

3.Tw
elve

prim
ary

anesthesiologi
stsand

sixteen
assisting

anesthesiologi
sts(e.g.
trainees)

consistency
of

casesand
ease

oflogistics
2.The

operating
theater
selected
conducted

casesonly
for

obstetricsand
gynecology

to
facilitate

the
hom

ogeneity
ofdata

collection
3.

A
nesthesiolog
istsw

ere
assigned

to
thisroom

by
blinded

rostering
staff

4.For
allow

ance
for

data
collection,a
m
inim

um
of

100
sam

ples
foreach

arm
ofthe

study
in

one
m
ajorO

R
EX

C
LU

D
ED

:
Ifdrugs

draw
n
w
ere

adm
inistered

im
m
ediately

aslabeling
notrequired

(control)→
N
om

inal
2.IV:U

serof
C
odonics

m
achine

for
labeling

(intervention)
→

N
om

inal

label→
R
atio

2.Eight
subcategorie
sincluded
forlabeling
com

pliance
→

N
om

inal

difference
in

com
pliance
for

categorical
variables
w
ith

differences
considered
statistically
significantif

p<0.05
2.80%

pow
erand

levelof
significance
at0.05

categoriesof
labeling

w
as

58.4%
;

C
om

pliance
forcorrect
nam

e
w
as

100%
;

Individual
category

com
pliance

ranged
from

74.7%
to

100%
;N

o
near-m

isses
or

m
edication
errors

detected
by

observeror
reported

by
provider

2.
R
andom

ized
study:

C
onventiona
lgroup

com
pliance

w
as63.8%

w
ith

tw
elve

syringesnot
labeled

atall
C
odonics
group

com
pliance

at98.6%
(p<0.0001)

N
o

near-m
isses

w
ho

stayed
throughout
case

to
observe

for
m
edication

errorsand
labeling

practicesin
the

baseline
study

and
observationa

lstudy
2.N

one
of

providers
w
ere

assigned
to

C
odonics

m
ore

than
once

during
study,w

hich
m
inim

ized
any

learning
effects
3.

R
andom

izati
on

4.C
onsistent
study

conditions

observerin
the

room
2.B

aseline
audit

perform
ed

w
ith

a
w
ide

variety
of

casesand
random

ized
study

w
ith

m
ore

restriction
to

type
ofcases

and
one

operating
room3.

O
bservation
done

on
elective

cases
only
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the
baseline

auditand
random

ized
trial

underthese
circum

stances
;M

edications
adm

inistered
by

infusion
or

used
directly
from

m
anufacturer’
sdrug

preparation

or
m
edication
errors

reported
in

thispartof
study

by
either

observeror
provider
3.55%
states

dem
onstratio

n
w
asm

ost
effective
training
m
ethod

Perceived
ease

of
learning:

easy
to
learn

and
to

rem
em

ber
how

to
use

m
achine

M
ajority
agree

m
achine

w
as

easy
to
scan,

prepare
and

print,and
m
ore

legible
w
ith

better
adherence
versus

conventional
M
ost

participants
dissatisfied
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w
ith

increased
w
orkload
and

increased
tim

e
ofdrug

labeling
43.6%

w
ere

satisfied
w
ith

m
achine

Jelacic
et

al.,2015

1.To
assessthe

baseline
m
edication
labelling

com
pliance

(color
and

content)rate
in
the

O
perating

R
oom

versusthe
labelling

com
pliance

(color
and

content)rate
after

im
plem

enting
the

C
odonicsSafe
LabelSystem

(SLS)
2.To

com
pare

anesthesia
providers'

utilization
ofa

syringe
barcode

scanning
tool,

w
hich

provided
auditory

and
visual

confirm
ation

of
drug

and
linked

N
one

specified

1.
O
bservational
auditsw

ere
perform

ed
before

SLS
im
plem

entation
over5

w
eeks,

then
post

im
plem

entation
auditsof2

cardiothoracic
O
R
sw

here
SLS

w
ere

placed
over7

w
eeks.

2.Prospective
m
easurem

entof
syringe

barcode
scanning

system
use

for
13

w
eeks,then

im
plem

ented
incentive

and
m
easured

use
again

for
another8
w
eeks

1.Pre-SLS:
327

syringes
(127

prepared
by

anesthesia/200
by

pharm
acy)

Post-SLS:312
syringes(101
prepared

by
anesthesia/211
by

pharm
acy)

2.12
attending
anesthesia
providers

m
onitored

for
use

ofsyringe
barcode

scanning
tool

1.Pre-SLS:
A
udited

syringesin
O
R
sw

ithout
anesthesia
know

ledge
Post-SLS:
A
udited

syringesin
2

C
T
O
R
sw

ith
SLS

m
achines

w
ithout

anesthesia
know

ledge
2.In

2
C
T

O
R
sw

ith
SLS

m
achine,
all

m
edications

adm
inistered

by
anesthesia
com

pared
against
syringe
barcode

scanning
tool

1.IV:SLS
m
achine

(w
ith

or
w
ithout)→
N
om

inal
2.IV:

Incentive
(Pre

orpost)
→

N
om

inal

1.Percentof
syringe
labels

com
pliant

w
ith

content
and

color
requirem

ents
→

R
atio

2.
Percentof
syringe
barcodes
scanned
priorto

m
edication

adm
inistrati

on
→

R
atio

1.
C
onfidence
interval

2.
H
ypothesis
testing
pre-post

com
parison

1.Priorto
SLS

im
plem

entat
ion,syringes
labeled

by
anesthesia
providers
w
ere

only
36%

com
pliant

w
ith

required
criteria;post
im
plem

entat
ion

thatrate
rose

to
93%

.
A
llofthe

C
odonics

labelsw
ere

com
pliant

butdue
to

technical
problem

s
som

e
labels

w
ere

handw
ritten

and
those

1a.A
udits

w
ere

com
pleted

w
ithout

anesthesia
providers'
know

ledge
b.

D
ifferentiate
d
those

m
ade

by
the

clinician
vs

those
created

by
the

pharm
acy

supporting
the

O
R
s

1.O
nly

3
SLS

m
achines
w
ere

available
so

w
hile

all
O
R
sw

ere
audited

initially,only
2
w
ere

included
post

im
plem

entati
on

2.O
nly

12
anesthesia
providers
included

IIIB
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into
the

hospital's
charting

system
,

priorto
drug

adm
inistration

before
and

after
im
plem

enting
an

incentive

had
a
42%

com
pliance
rate.

2.Syringe
scanning

pre-incentiv
e
w
as25%

butrose
to

58%
after

incentive
w
asoffered

B
ow

dle,et
al.,2019

D
eterm

ine
w
hetherelectronic

auditand
feedback

w
ith

positive
rew

ards
to
im
prove

adherence
w
ith

a
barcode-based
drug

safety
system

w
ere

effective
(defined

as>=50%
rate

of
scanning)and

sustained
(defined

asan
effect

m
aintained

for
>=6

m
onths)

C
an

electronic
auditand

feedback
w
ith

positive
rew

ardsim
prove

anesthesia
provider

adherence
w
ith

a
barcode-based
drug

safety
system

?

1.Prospective
observational
study

w
ithouta

controlgroup
2.Interrupted
tim

e
series

analysis,
som

etim
es

know
n
as

quasi-experim
e

ntaltim
e
series

analysis
3.D

uring
N
ovem

ber
2014

to
February

2016
("pre-interventi
on

phase"),
baseline

data
collected

during
w
hich

scanning
ofthe

syringe
barcodesw

as
notprom

oted
4.Im

plem
ented

a
program

to

From
N
ovem

ber
2014

to
M
arch

2017,
accum

ulated
60,197

cases
perform

ed
by

88
attending

anesthesiologi
sts,65

C
R
N
A
s,and

148
residents.

Totalnum
ber

ofsyringe
drug

adm
inistration

w
as653,355

1.Perform
ed

attheir
academ

ic
m
edical

center,w
hich

has
approxim

ately
35

anesthetizing
locations,and
perform

s
approxim

ately
23,000

anesthetic
procedures
peryears
2.U

sed
an

anesthesia
care

team
approach

in
w
hich

the
attending

anesthesiologi
stsare

paired
w
ith

residents,
fellow

s,or

1.IV:
Electronic
auditing

and
feedback

→
N
om

inal
2.IV:

Incentives/Po
sitive
rew

ards
(coffee

cards)
→

N
om

inal

1.Percentof
provider

com
pliance

in
utilizing
the

barcode-bas
ed

drug
safety

system
→

R
atio

1.Fitted
a

segm
ental

regression
m
odelto

determ
ine

if
there

w
asa

significant
difference

in
intercept
("jum

p")
betw

een
the

m
onthly

aggregate
scan

rate
at

the
end

of
pre-intervent
ion

phase
and

startof
post-interve
ntion

phase
to
reflect
any

short-term
change
2.

C
onducted

a
sensitivity

1.Average
scanning

perform
ance

im
proved

from
8.7%

ofsyringe
barcodes
scanned
during

the
baseline

period
from

N
ovem

ber
2014

to
February
2016

to
64.4%
scanned
during

the
period

Septem
ber

2016
to

M
arch

2017
(p<.001)

2.
Pre-intervent
ion

phase
w
as

1.
Thoughtful
inclusion
and

exclusion
criteria

to
prevent

confounders
2.C

onsistent
study

conditionsto
prevent

confounders
3.Feasibility

and
user-friendli
nesssystem

1.H
aw

thorne
effectm

ight
have

contributed
to

im
provem

ent
of

post-interven
tion

phase
scan

rate
2.Study

resultsm
ay

have
been

confounded
by

changes
in
practices
overthe
course

of
study,other
than

the
intervention
(unable

to
identify

any
specific

confounders
and

possible
thatthere

IIB
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im
prove

adherence
to

include
lecture

and
video

m
aterials,

feedback
of

individual
perform

ance
data

to
providersin

the
form

of
m
onthly

em
ail

reports,and
rew

ardsfortop
perform

ance
in

the
form

of
coffee

gift
cardsonly

for
the

first2
m
onths

5.D
uring

M
arch

and
A
pril2016
("rollout
phase"),

providersw
ere

m
essaged

w
ith

learning
m
aterialsto
encourage

syringe
barcode

scanning
6.

"Post-interventi
on

phase"
from

Septem
ber

2016
to
M
arch

2017

certified
registered
nurse

anesthetists
(C
R
N
A
s)

3.
EX

C
LU

D
ED

:
B
arcode

scans
w
ith

altered
tim

e
stam

ps
asadherent
barcode
scanning
because

the
drug

is
supposed

to
be

scanned
im
m
ediately

before
adm

inistration
;w

hen
the

tim
e
is

altered,itis
assum

ed
that

the
drug

w
as

given
firstand

the
syringe

w
asscanned

later;D
id
not

include
phenylephrine

boluses
because
providers
som

etim
es

adm
inister

bolusesfrom
the

infusion

analysisto
evaluate

if
the

"jum
p"

stayed
significant
w
hen

replacing
post-interve
ntion

phase
scan

rate
by

the
"projected"
scan

rate
at

the
startof
the

post-interve
ntion

phase
3.

C
onfidence
Interval

associated
w
ith

a
scan

rate
of

13.4%
(95%

C
I,

12.2%
-14.4

%
)in

first
m
onth

(pre-interven
tion

intercept)
and

on
average

decreased
by

0.27%
(95%

C
I,

0.14%
-0.41

%
;p<.001)

perm
onth

throughout
the

period
(pre-interven
tion

slope)
3.

Post-interve
ntion

phase
w
as

associated
w
ith

a
scan

rate
of

64.4%
(95%

C
I,

62.2%
-66.5

%
)in

first
m
onth

and
on

average
decreased

by
0.87%

(95%

w
ere

confounders
thatw

ere
not

recognized)
3.Variability

w
ith

residentsdue
to
m
onthly

rotating
assignm

ents
to
other4

hospitals
w
hereasthe

barcode-base
d
drug

safety
system

is
unique

to
this

university
m
edical

centerand
not

im
plem

ented
in
theirother
hospitals
4.B

arcode
scanning
system

occasionally
m
alfunctione

d
orbarcodes
did

notscan
properly

5.U
sing

an
anesthesia
team

approach
(pairof
providers
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7.R
ate

of
adherence

determ
ined

by
com

paring
the

num
berof

syringe
drug

adm
inistrations
w
ith

and
w
ithout

barcode
scanning,
w
hich

is
recorded

by
the

Sm
art

A
nesthesia

M
angersupport
softw

are

pum
p
rather

than
a

syringe,and
they

are
unable

to
distinguish
the

tw
o

m
odes

C
I,

0.034%
-1.72

%
;p=0.42)

perm
onth

(post-interve
ntion

slope)
4.There

w
as

a
significant
increase

of
55.4%

(95%
C
I,

52.7%
-58.0

%
;p<.001)

w
ith

an
attending

anesthesiolog
istand

a
residentor
C
R
N
A
)

therefore
cannot

distinguish
w
hich

provider
actually
scanned

a
syringe

or
failed

to
scan

a
syringe

-
individual
perform

ance
data

alw
ays

reflectthe
perform

ance
ofa

team

H
uisetal.,
2012

D
eterm

ine
w
hich

interventionsare
m
osteffective

in
increasing

hand
hygiene

and
classify

them
on

the
basisoftheir

determ
inantsof

behaviorchange

Sam
e
aspurpose

R
eview

ed
all

articlesfrom
priorsystem

atic
review

,plus
database
searchesof
C
IN
A
H
L,

M
ED

LIN
E,

EM
B
A
SE,

C
ochrane,and

others.Search
w
aslim

ited
to

studiesof
hum

an
beings

and
had

to
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Appendix C

BCAWorksheet

BUSINESS CASE with VALUE BASED CARE ASSESSMENT

Proposed Title for Project/Initiative/Opportunity to Improve

Improving Medication Labeling Compliance in Military Treatment Facility Operating Rooms Amongst
Anesthesia Providers

Opportunity Statement

Medication errors due to mislabeled medication syringes prepared by anesthesia providers is a pressing issue in
the operating room. Military Treatment Facilities (MTF) must meet The Joint Commission (TJC) standards and
reduce the risk of wrong drug or wrong dose medication errors by adhering to labeling standards. Evaluating if

anesthesia providers’ labeling practices are in compliance with TJC will determine a need to implement
evidence-based practices such as the Codonics Safe Label System (SLS).

Business Opportunity/Objectives

The goal is to optimize medication syringe labeling methods to comply with TJC requirements. This will
improve patient safety by decreasing medication errors that may lead to patient injury, harm, or death.

Mitigating medication errors will also maintain deployment readiness as well as reduce financial burden that
results from wasted medication and unintended treatment from adverse events (Nanji et al., 2016).
● Macro objectives: The big picture of this business case is to evaluate medication syringe labeling
compliance by anesthesia providers working within the operating room. Continual noncompliance will
support the necessity of investing in an evidence-based labeling machine such as the Codonics SLS – a
point-of-care equipment that has been shown to efficiently print medication labels compliant with TJC

recommendations.
● Micro objectives:

o Implementation of audits to track performance pre- and post- staff education on TJC medication
labeling requirements.

o Distribution of a TJC medication labeling requirement PowerPoint.

o Rate staff likelihood to change their labeling practices post-education.

Potential Impact of the Initiative/Project

Investigation is needed to determine if anesthesia provider medication labeling practices necessitate a change.
The metric used will assess staff education effectiveness by calculating the percentage of medication labeling
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in compliance with TJC standards pre-education and post-education. Labeling requirements include the name
of the medication, strength, amount of medication or solution, diluent and volume, expiration date and time,
time prepared, and preparer’s initials. Our benchmark for success is a 75% compliance rate, the rate other

anesthesia groups achieved utilizing the Codonics SLS (Simpao & Galvez, 2015).

As part of the Quadruple Aim, improved readiness is at the center of better health, better care, and lower cost.
A total military force is dependent on quality care, eliminating waste, and reducing generators of ill health.

MTFs are accredited by nationally-recognized organizations such as TJC, which have stringent criteria for safe
and effective patient care. These criteria will improve patient safety while eliminating waste and excess costs
(Defense Health Agency, 2019). Improving medication labeling compliance also aligns with the MHS Review
Group’s (2014) focus on reducing medication errors which is a leading cause of safety investigations. MTFs
that do not provide optimal patient care may stray from the Quadruple Aim by causing patient harm and
increased cost from wasted medication or patient treatment following medication errors – all factors that

impede the readiness of a healthy military force.

Alternatives (Courses of Action) Chosen for Analysis

1. Equip all ten operating rooms with the point-of-care Codonics SLS
2. Investing in pre-filled syringes for medications utilized the most in emergent situations

3. “Status Quo”: Maintain the current practice of handwritten syringe label stickers where the provider is
responsible for writing some or all of the required components

Analysis of Alternatives

Alternative 1: Stocking all ten operating rooms with the point-of-care Codonics SLS

Pros Cons

● Benefits: Provides quick and convenient labeling by
generating a color-coded sticker to include all TJC
medication labeling requirements (Ang et al., 2014).

● Added safety feature: As the drug vial is scanned, there
will be audible verification of the drug name and

concentration giving anesthesia providers an extra barrier of
safety (Jelacic et al., 2015).

● Cost saving/avoidance: It will attenuate the risk of wrong
drug/dose errors that result from improper labeling. This
will mitigate the cost of wasted medication, unintended

treatments or extended hospital stay, and malpractice claims
(de Santana Lemos & de Brito Poveda, 2019).

● DOD adopted: Currently there are 22 MTFs that have fully
integrated the Codonics SLS into their workflows under a

distribution and pricing agreement (DAPA) with the

● Cost: The cost to restock
supplies for ten machines is $172
for each label/ink bundle - a total

of $1720.
o Additional replacement

parts may need to be
ordered for repair or

maintenance (Codonics
quote, personal

communication, September
28th, 2021).

● Startup resources: The startup
cost of stocking ten operating

rooms may quickly deplete fiscal
spending. The total cost
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Defense Logistics Agency (DLA). In addition, 48 Veterans
Affairs entities have adopted the Codonics system

(Codonics, 2021).
● Adaptability: The machine settings provide users the
ability to change the printer settings so each label contains
the exact specifications required for TJC compliance

(Jelacic et al., 2015).
● Availability: Each operating room is equipped with a

medication labeling system.
● Training: The system is intuitive and doesn’t require

extensive training for use (Ang et al., 2014).
● Patient satisfaction: Improving patient safety and
reduction of adverse reactions will provide patients with a
sense of security, which can be fruitful for the facility’s
reputation and attract more beneficiaries to obtain health

care within the Military Health System.
● Accreditation: Improved compliance with TJC standards

will impact the future accreditation of the facility (TJC,
2021).

● Repair Costs: A representative is available to assist staff in
troubleshooting without any additional costs (Codonics,

2021).

including machine, software and
accessories is $104,400
(Codonics quote, personal

communication, September 28th,
2021).

● Culture change: Staff may be
hesitant, frustrated, or resistant to
new procedural changes that alter
their work flow (Thomas et al.,

2020).
● Unreliability: As with any

equipment, technological
malfunction may cause provider
frustration, adding more time to

medication preparation.

o A loss of power supply
will require a couple of
minutes for the machine
to reset resulting in a loss
of efficiency (Ang et al.,

2014).

Alternative 2: Invest in pre-filled syringes for medications utilized the most in urgent/emergency situations

Pros Cons

● Cost saving/avoidance: Pre-filled syringes are shelf stable
6 times longer than provider prepared syringes. For

instance, a succinylcholine in a pre-filled syringe is stable
for 90 days whereas provider-prepared is only safe to use
for 24 hours. The cost of each vial of Succinylcholine

drawn up for ten operating rooms per day is estimated to be
$24 (Lexicomp, n.d.).

● Convenience: Anesthesia providers will save time from
drawing up medications from a vial and handwriting labels
for each syringe. Pre-filled syringes are convenient to use

and provide consistent concentrations.

● Cost: Pre-filled syringes:

Drug Price per
syringe ($)

Ephedrine 5 mg/mL in 5
mL Syringe 23.70

Ephedrine 5 mg/mL in 10
mL Syringe 41.50

Succinylcholine 20
mg/mL in 5 mL Syringe 19.00

Succinylcholine 20 30.00

I 
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● Patient satisfaction: Improving patient safety and
reduction of adverse reactions will provide patients with a
sense of security, which can be fruitful for the facility’s
reputation and attract more beneficiaries to obtain health

care within the MHS.
● Accreditation: All pre-filled syringes are created using TJC

compliant labels which impacts the future accreditation of
the facility (TJC, 2021).

● Ease of Adaptability: Pre-filled syringes will not interrupt
work flow or require additional staff training.

mg/mL in 10 mL Syringe

Phenylephrine 100
mcg/mL in 10 mL

Syringe
6.65

Ketamine 10 mg/mL in 5
mL Syringe 6.65

(Central Admixture Pharmacy Services quote,
personal communication, October 21, 2021)

● Limited Medications: Pre-filled
syringes are only available for

certain medications.
● Availability: Compounding

pharmacies are experiencing
supply chain issues that may
interrupt drug supply. Backup
vials will need to be kept on

hand.

Alternative 3: “Status Quo”: Maintain the current practice of handwritten syringe label stickers where the
provider is responsible for writing some or all of the required components

Pros Cons
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● Cost saving/avoidance: Maintaining the status quo may
prevent large financial spending on equipment and may be

the most cost effective fiscal alternative
● Culture change: Already the standard of care, therefore

there will not be a need to train staff to implement new
policies and procedures. This will allow anesthesia

providers the ability to continue their familiar practices
(Thomas et al., 2020).

● Standard of practice: The
current standard is not improving
labeling compliance. This may
place patients at risk for sentinel

events.
● Cost saving/avoidance:
Inefficient spending due to

wasted medication, treatment or
extended hospital stays following

adverse events, as well as
malpractice claims (de Santana
Lemos & de Brito Poveda, 2019).
Annually, the US spends more

than $40 billion due to
medication errors (Tariq et al.,

2021).
● Patient satisfaction: Incidences

of poor patient outcomes will
lead beneficiaries to seek out
other facilities if they fear for
their health and lose trust in the
MHS. These patient outcomes
also have the possibility of
attracting negative media
attention, which can poorly

reflect on the MHS.
● Patient safety: The number one

priority in all health care systems
is patient safety!

Assumptions
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1. Info points needed to compare alternatives:
● We would need to implement metrics to track performance and compliance

● Cost of equipment includes maintenance and restocking

2. Time frame for info collection
● We need to establish a baseline measure before providing education

● Evaluation of pre-intervention and post-intervention compliance will be performed over the same
amount of time

● Post-intervention measurement will occur after a pre-designated time has elapsed

3. Providers would prefer to save time

4. Providers are amenable to processes that improve patient safety

5. It takes more than 7 seconds for a provider to prepare one label

Recommendation and Rationale

Recommendation

Alternative #1: Stock all ten operating rooms with the point-of-care Codonics SLS

Rationale

After comparing the pro/con analysis for each of the alternatives, alternative #1 will be the best option to
increase the probability of medication labeling compliance amongst anesthesia providers. Stocking all ten
operating rooms will provide consistency and convenience in medication labeling. The added audible safety
feature, in addition to the automatic labeling from the machine, indicates this alternative will be the best

intervention to implement.

Value Based Care - Investment Required by the Organization and the Associated "AlVALUE" or $
GAINED.

Volume projection based on: As of March 2020, the average # of OR cases per year was 4500. An estimated 6 labels
are used per case.

4500 OR cases per year x 6 syringes per case 27,000

Total 27,000 labels

II. Reimbursement calculated for:
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In 2002, the average cost of a preventable inpatient medication malpractice
claim was $377,000 (Rothschild et al., 2002). The average perioperative

medication error rate was about 5% (Nanji et al., 2016). Given 4500 OR cases
per year, there could be up to 225 claims opened. The “reimbursement” or

savings reflects the amount if a conservative 5 claims were paid out.

$ 1,885,000

III. Costs:

Variable Costs:

Proprietary labels and ink average of 0.15 per label (0.15*6)*(4500) $ 4,050

Software update costs $ 0 inc. with purchase

Total $ 4,050

Fixed Costs:

Machines x 10, media and accessories $104,400

Labor: There are currently 23 providers. At an estimated average wage of
$75/hr per provider, the two-hour training cost is provided.

$3,450

Overhead (use of electricity, computers, HVAC, etc.) $2,000 est

Off-network formulary laptop $2,000 est

Total $111,850

IV. Forecasted P&L statement:

Revenues:

Potential cost savings from averted litigation $1,885,000

Time Savings: 7 seconds per label (Jelacic et al. 2015) x 6 labels per case =
53 hours provider time given back to patient care. Amount figured at $75/per

hour.
$3,975

Total revenues $1,888,975
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Costs:

Variable costs $4,050

Fixed costs $111,850

Total costs $ 115,900

PROJECTED
PROFIT

$ 1,773,075

Risks and Mitigation Plan

Risks Plan

1. Staff change behaviors and have an artificially high
compliance during audits 1. Staff will not be informed of rationale for syringe collection

2. Staff workflow is temporarily slowed when first using
Codonics SLS

2. Staff will be trained prior to system activation with “super users”
available to assist as needed for the first two weeks after

implementation

3. Staff are resistant to using the new system
3. Education will be provided with notification that current label rolls
will be removed from work stations one month after Codonics SLS

activation.

4. Equipment failure will require a backup method of
labeling

4. The current medication label rolls will continue to be maintained in
the anesthesia supply room for this event

Implementation Plan

Phase
1: Baseline Audit

Milestone
Description:

Syringes will be collected from all operating rooms for a defined period (2 weeks) and
all syringes with any label on them will be evaluated for compliance with TJC

requirements.

Deliverables Due Date Accountable Person

Initial data table of syringe
labeling compliance 28 Feb 2022 Hodgen/Albright
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Resources Needed

Collection bins in each of the ten operating rooms.
Man hours required to record compliance of each syringe with each TJC requirement on a spreadsheet

Expected Level of Benefit

This phase will show current practice and culture of the anesthesia department in regards to medication labeling compliance.

Phase
2: Baseline knowledge assessment

Milestone
Description:

Baseline knowledge assessment will be distributed to and collected from staff
anonymously

Deliverables Due Dates Accountable Person

Baseline knowledge level 1 Mar 2022 Gruss/Nunnery/Huynh

Resources Needed

Word application, printer, dedicated collection location, manpower to summarize results

Expected Level of Benefit

This will evaluate how effective education is to convince providers to label medication syringes completely, as well as identify
existing barriers that the team may not have considered.

Phase
3: Educational Presentation

Milestone
Description:

Create and disseminate an educational presentation to the anesthesia department and
conduct medication labeling activity

Deliverables Due Dates Accountable Person

Educational presentation 31 Mar 2022 Gruss/Nunnery/Huynh

Resources Needed

PowerPoint, current and updated medication labels

Expected Level of Benefit

All staff will be provided with one educational product and have an opportunity for guided practice to increase self-efficacy
and familiarize themselves with the new pre-printed medication stickers.
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Phase
4: Post-education knowledge assessment

Milestone
Description:

An anonymous, voluntary questionnaire will be distributed to staff to assess
post-education knowledge, how likely they are to change their labeling practices, and

if they are unlikely to change what is preventing a change in practice.

Deliverables Due Dates Accountable Person

Post-education knowledge
level and summary of
perceived barriers

30 Apr 2022 ● Gruss/Nunnery/Huynh

Resources Needed

Word application, printer, dedicated collection location, manpower to summarize results

Expected Level of Benefit

This will evaluate how effective education is to convince providers to label medication syringes completely, as well as identify
existing barriers that the team may not have considered.

Phase
5: Post-education Audit

Milestone
Description:

Syringes will be collected from all operating rooms for a defined period (2 weeks) and
all syringes with any label on them will be evaluated for compliance with TJC

requirements.

Deliverables Due Dates Accountable Person

Post-education data table of
syringe labeling compliance 30 May 2022 Hodgen/Albright

Resources Needed

Collection bins in each of the ten operating rooms.
Man hours required to record compliance of each syringe with TJC requirements on a spreadsheet

Expected Level of Benefit

This phase will show whether practice and culture of the anesthesia department has changed in regards to medication
labeling compliance following education on TJC requirements

NOTE: Modified from Harvard Business Review Press. (2011). Pocket mentor: Developing a business
case. Boston: Author (pp 82-85
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Appendix D

RE-AIMModel Diagram

RE-AIM (2021)
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Appendix F

Syringe Audit Spreadsheet

Syringe# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Medication name 

Strength per ml (Concentration 

I Date prepared 

Time prepared 

Preparer's initials 

# Criteria Met 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

# of unlabeled s:tringes I I 
NS syringe: 

Criteria Met= 1 

Criteria Missing= 0 

I 
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Appendix G

Knowledge Assessment

Does The Joint Commission require all medication syringes to be labeled?

Yes No

What components does TJC require on medication labels?



71

Appendix H

Staff Educational Presentation

MEDICATION 
LABELING 

lVIaj Kelli Gruss, 1vlaj Ta1n1ny Huynh, Capt Shannon Nw1nery 

WHYWECARE? 

• - 180,000 patient die annually from adverse medical events due to 

medication errors 

• In anesthesia, medication errors are second only to airway-associated events 

• Medication error or adverse drug events in -1 of 20 medication 

administration and half of all surgeries 

• 70% of perioperative medication errors d/t incorrect dosing and 35% were 

wrong drug administration 

~ct~., 2015, Nanu.ct !!.l, 2016, lkru ct !il, 2021) 
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Exercise, Exercise, Exercise! 

WHAT ARE THE REQUIREMENTS? 

1. 

MEDICATION 
NAME 

3. 

DATE PREPARED 

5. 

PREPARER'S NAME 

REFERENCES 

2. 

MEDICATION 
STRENGTH PER 

ML 

4. 

TIME PREPARED 

Prabhakar A.,~~ R. J., Gabriel, RA., Kaye, A. D., Elhassan A. 0., Nelson, E. R., Bates, D. \Y/., & 
Urman R. D. (2015). Medication errors in anesthesia. The Journal of Medical Practice :Management: 
MPM, 30(6 Spec No), 41--43. 

2. ~ K. C., Patel, A., Shaikh, S., ~. D. L., & Bates, D. W/. (2016). Evaluation of perioperative 
medication errors and adverse drug events. Anesthesiology, 124(1), 25--34. 
httpsc//doi,10.1097 /aln.0000000000000904 

3. Bek.es,]., Sack.ash C., Voss, A., & Gill, C. (2021). Pediatric medication enms and reduction strategies in the 
perioperative period. A.AJ.'JA Journal, 8?(4), 319-324. htrys://www.aana.com/docs/default-source/aana­
JOl.llnal-web-documents-1/bekes-c.pdf r'sfvrsn=91 b2b25 4 

The Joint Comm.ission. (2021, 1Iarch 25). National Patient Safety Goals effective January 2021 for the 
Critical Access Hospital Program [PDF]. Retrieved April 28, 2021, from 
https:/ /\V\V\V.jointcomm.ission.org/ -/ media/ tjc/ docwnents/ standards/ national-patie.i1t-safety­
goals/202 I/ npsg_chapter_cah_ja.n2.02 I .pdf 
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Appendix I

Customized Label Sheet

Anesthesia Provider Name 5-Apr-22 

Glycopyrrolate 0..2..-i GIVCODvrrolate 0.2 ,ngl,nl 

5-Apr-22 T e. ____ I 

~ 

Neo.yn.ptirine 1IO ... N~100■cg■I 
Tl'l1e ___ -1 5-Apr-22 nme ___ _ 

Anes:hesia Provider ame Anes:hesia f'rlY,•lder P..ame 

Ephedrine 5 mg/ml Ephedrine 5 mg/ml 

AnK:lle&la Pro',·lder Name AnK:lle&la Pro·l1der -ume 

Ketamine 10 mg/ml Ketamine 10 mg/ml 

5-Apr-22 lme ____ 1 

AnK:lle&la PnY,·lder Name 

Precedex 2 mcg/ml 
5- r-22 

Anes: &la Provtder -ume 

FentaNYL 50 mcglml 

nrne ____ , 5-Apr-22 nme ___ _ 

c; lvr.onvrml.ate 0.2 "'9"'' 
5-Apr-22 

NeOavnelllvN 1eo ..-i 
5- r-22 1me ___ _ 

AnK:lle&la PnY,·lder ame 

Ephedrine 5 mg/ml 

Anes-.he&la Pro·l1der ame 

Ketamine 10 mg/ml 

5-Apr- 7me ___ _ 

AnK· &la Pn>','lder Name 

Precedex 2 mcg/ml 
5- r-22 e ____ , 

AnK:lle&la PnY,·lder Name 

FentaNYL 50 mcg/ml 

5-Apr- nme ___ _ 

G IVCODvrrolate 0.2 ..-i 

Neo.yn.,tirine1Nllcglll 
5-Apr-22 

AnK:lle&la Provtder ame 

Anes: &la Provtder ame 

Ketamine 10 mg/ml 

5- r-22 nme ____ 1 

AnK:lle&la PnY,·lder Name 

Precedex 2 mcg/ml 
5- r-22 rne ___ _ 

AnK· ,1a Pro',·lder Name 

FentaNYL 50 mcglml 
5- r-2 e ___ -1 

AnK:lle&la Pn>','lcler ame. __ +----!Anes: &la _l"!ovtder ame~-+----1,AnK:lle&la E!<>vtder ame. __ +----1AnK:11e&la P!<Jvtder ame __ 

Dilaudid 0.2mg/ml Dilaudid 0.2mglml Dilaudid 0.2mglml Dilaudid 02mglml 
5-Apr-22 nrne ____ 1 

AnK:lle&la PIV,lder ame 

versec11...,_. 
5-Apr-22 llllle ____ , 

AnK!IIKla Pn>Ylder Name 

Zofran 2 mg/ml 

ame 

me ___ _ 

AnK:lle&la Pro;'lcler arne 

5- r-22 nrne ___ _ 

AnK· &la Pro',lder ame 

Vened1__... 
5-Apr-22 Tft. ____ 1 

AnK!IIKla Pn>Ylder Name 
Zofran 2 mg/ml 

5- r-2 e ___ _ 

Anes: &la Pro'1der -ume 

Decadron 4mglml 

5-Apr­

Anes:hesia 

LidOc.aine 2"' 

5-Apr-22 me ____ , 

AnK:lle&la Pn>',lder ame 

Versec11..,.... 
5-Apr-22 l'llla ____ , 

AnK!IIKla Pn>Ylder Name 

Zofran 2 mg/ml 

5- r-22 e ___ _ 

ame 

nme ___ _ 

AnK:lle&la PnY,·lder arne 

versec11...,_. 
5-Apr-22 Tft ___ -l 

AnK!IIKla Pn>Ylder Name 

Zofran 2 mg/ml 

5-Apr- -,me ___ _ 

Anes:· &la Provtder ame 

Decadron 4 mg/ml 
5- r-2 

AnK:lle&la Pro',·lder arne 

Lid0c~ne 2"' 

5- r-22 "me ___ _ 

AnK:lle&la Pn>',lder ame 
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Appendix J

Post-Education Knowledge Assessment

Does The Joint Commission require all medication syringes to be labeled?

Yes No

What components does TJC require on medication labels?

How likely are you to change your medication labeling practices to incorporate the
customized label sheets?

(1-5 scale, 1 = not likely at all; 3 = neutral; 5 = very likely)

1 2 3 4 5

What barriers prevent you from complete medication labeling?
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Appendix L

Team Mentor (Committee Membership) Agreement Form

, aniel K. Inouye GT3du3'te Schoo of K sio,g 
NP Project T,e:mi Mentor(Com.minee Iembersbip) Agr~ment Form 

DOCTOR OF i\"URSilNG PRACTICE PROJECf 
DNP PHjed CtinicaJ •Que lion :and Team i\l=tor (Committff Membership) Agreement if',orm 

GFaduation Y,ear: • 023 

. :ame(s) o(Dl\P Project tude:nt 'fe m: 

1. MajKEl Grus$ Phase Site: AGCNS f'NP p fflNP • JUA \VHNP 

2. P ase Site: A so f'NP □ p fflNP~ A □ W I □ 

3. P ase Site: A ij s f'NP PMHNP ' • A WHNP 

4. P ase IlSite: AGCNS fNP PMHNP A \VHNP 

5. Phase Site: AGCNS f'NP p fflNP A \VHNP 

6. Phase II Site: AGCNS f'NP PMHNP JUA \VHNP 

The tentatin title of the BNP Project Propos I (or this· toil.mt group is: 

Committee Apprond DNP Projed Clinica1 Question: 
Ama: 

1 :amu ,oU> ill Pl.'oj~tJ',eam lento (i pe the name and obtain signatures): 

[ .agree o seTVe as .a member of the D, iProject 1',eam (ream Mento ) or the above DNP S .dent 
iProjec Team. As a Project Team M or, I agree o e duties and respo ibili ·es outlined within 
the DNP Projec I tanwJ which include b are not limited to the provisio of consultation and 
guidance supporting e ,enfue DNP projecl journey md to ensure e D projed is o suffic • em 
rigo and• em-o b:a es doc o ?"eve] chol.ar..rup o meet the requiremenis for US ; S GSJJ 
graduation. 

Fon,1 V-ersio,r: J Jun OJ,6 
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!Appen<lix C ·e1 K. ·e Graduate Srooo of K ~ 
Project eam Mentor (Co • ee Memben ·p) Agreement Fo 

'/\OIE: fou may }1m; 3 DJ 'P .Team Mmrtor [committes ember:.s ilrcluding ,our D~ rp Senior 
M, uor (CJ,air)}. 1'11 Phase H ite Dir ctor ay al.s-o be a m611Jber qf the group, as 11 a.s other: 
USUHSJacfll/JI' or other:s ho mqy .sen,e as co u,mt experts .. All 10.n-USUHS facufa, .selectsd as a 
Team ~ !. tor Must be ,approv d lry t e D_ rp Profoct Dir 

,eam Mentor(Committee): _____ Signature:;:;.~~~~~~~ 

,eam Mentor (Committee): Signature: 
~~,:--------

Date: __ _ 

•eam Mentor (Committee): Signature: ________ _ Date: __ _ 

Form· .,msion: JJun ou; 
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Appendix M

CITI Certificates

.-~CITI 
~PROGRAM 

This is to certify that: 

Kelli Gruss 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
{Curriculum Group) 

Completion Date 07-Apr-2021 
Expiration Date 06-Apr-2024 

Record ID 41966174 

Not valid for renewal of certification 
through CME. 

Biomed Research Coordinators. Clinical Coordinators. Study Coordinators & Research Administrators 

Under requirements set by: 

(Course learner Group) 

1 - Basic Course 
(Stage) 

Office of the Under Secretary of Defense (Personnel and Readiness) _AITI 
Collaborative lnst1tut1onal Training lmt1at1ve 

Verify at www.citiprogram.org/verifyf?wcc4f752e-dc99-41 d7-b376-0036c0596a29-41966174 

.-~CITI 
~ PROGR 1 

This is to certify that: 

Hai McMannon 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
{Curriculum Group) 

Completion Date 07-Apr-2021 

Expiration Date 06-Apr-2024 
Record ID 41984101 

Not valid for renewal of certification 
through CME. 

Biomed Research Coordinators, Clinical Coordinators, Study Coordinators & Research Administrators 
(Course Learner Group) 

1 - Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) ITI 
Collaborative lnst1tut1onal Training lnit1at1ve 

Verify at www.citiprogram.org/verifyf?w638339ad-fdae-4c9c-9ae0-b5d772f238e 7-41984101 
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.-~CITI 
~PROGRAM 

This is to certify that: 

Shannon Nunnery 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
{Curriculum Group) 

Completion Date 13-Apr-2021 
Expiration Date 12-Apr-2024 

Record ID 41977543 

Not valid for renewal of 
certificatiln through CME. 

Biomed Research Coordinators, dinical Coordinators, Study Coordinators & Research Administrators 
(Course Leamer Group} 

1 - Basic Course 
(Stage) 

Under requirements set by: 
...A 

Office of the Under Secretary of Defense (Personnel and Readiness 0111borat1ve 1nst1tut onal rra,mng 1mt1at ve 

Verify at www.citiprogram.org/verify/?w291 ef5aa-Saa3-4e71-bdf3-211 la7c26086-41977543 
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Appendix N

USU (VPR) Form 3202N

r CH fO~ I 3.0.1~ 
D. iIE.L K. I. ·orYE CR.-U>L·HE CHOOL Of il.~~c 
EYIDE .• E-B. ED PR.\CTICE 'PER.FOfilL TE IMPROYE. IE:\"T PRO PO .\I. 

\'"PR Datt S 
Proje-ct. ·u:mbu: G N-61-13072 

Proje-ct Title: Improving Medic.ation LabPling Comp ance • ilitary Tre.atmen Facility Ope.rating Rooms Amongst 
Anesthp,sia Providers 

6. 

8. Project En 

'L'5UHS f'analllt-. . Rni:.ecl 5fp 2015 Tl.2 
• • n-cio: lff ob:olm 
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Appendix O

MTF IRB/PI Letter of Determination

ORAND l!FO 

p 

Determination: 
Date of De·tern(lllla 

D~ HEAL TB AGE."iC.Y 
8 .:i. r!E) ;\I. ,..,..,,,.,.,...,.., 

• IT·P. 

0 

EAR PR01ECTIO. ~ 

Rese.arch Deta:nuna1hion 

• ewed b • an e:: emp de eIDlina • on o cial o the n -
P. 

e 

:emnna,non 
0000 61 DHHS F\ A 00000609 

ber _021 

FU 
.H.10777 

FRED 
H 

eproJ 
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Appendix P

PAO Clearance /Level of Dissemination Classification

Gruss, Kelli <kelli.gruss@usuhs.edu> 

88 MDG Case Completed: Case Number 88MDG-2023~0007 
1 message 

SAF.IPA.Security.and.Policy.Review@us.af.mil <SAF.PA.Security.and.Policy.Review@us.af.mil> 

Reply-To: pamela.a.piocoli.civ@health.mil 
To: kem.gruss@usuhs!edu, frederick.h .funke.civ@hea:lth.mil, pamela.a.piccoli.civ@health.mil 

88 MDG has completed the review process for your case on 09 Mar 2023: 

Thu, Mar 9, 2023 at 8:34 
AM 

Subject !Improving Medication Labeling Compliance in Wright-Patterson Medical Center Operating Room Amongst Anesthesia 
Providers (Manuscript) 

Originator !Reference Number: MMDG-2023°009 
Case Reviewer: Pamela Piccoli 
Case Number: 88MDG-2023--0007 

The material was assigried a clearance of CLEARBD on 09 Mar 2023. If you 
have any questions concerning your case, please coritact Pamela Piccoli pamela.a.piccoli.civ@health.mil. 
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Appendix Q

DNP Project Completion Verification Form

Appendix G: Daniel K. Inouye Graduate Schoo of Nursing 
DNP Projec Completion Verification Fom1 

DOCTOR OF rURS~G PR!\.CTICE PROJECT 
Completion Yerific-ation Form 

lmpro ing Medica ·on Labeling Compliance in the Wright-Pa erson Medical Cen er 
Operating Room Amongs Anesthesia Pro iders 

was completed a • _W_n~· ~ 

by the followings s): 

(TJ,JXI stutt 1 nam ') 

Maj Kelli Gruss 

Maj H. Tammy Huynh 

Capt Shannon unnery 

edical Center 

(signanuw) 

The DNP Practice Project Team verifies that follov.--ing components of the DNP project, 
complished by the above tudents is of ufficient rigor and demonstrates doctoral level 

scholarship to mee the requirements for SUHS GSN graduation: 

• Presenta ·on ofDNP project o the leadership/ eholders a the Phase II Site, 
• Abstract/Impact Statem (.Appendix F) and 
• DNP Project written report. 

erified by: 

023 

Team Mentor: _______________________ . ___ _ 

Phase II Site 
Director: 

For RNA SnuJous only - add t ft,lkn+ing additional signature for fl:Ml vwjflcation Cf/project camplnitm: 
CDR Kenneth Barber RB EN ElH u no..a.,a,,,,_ OAPR2023 

A Projec Director rype name (Dare) 

Form Vernon: 26 Al,re _ OJ /30 Mar O 0 




