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Objective. To assess the impact of high-fidelity patient simulation on pharmacy resident knowledge,
confidence, and competency with advanced resuscitation algorithms and interventions.

Design. An overview of the institutional cardiopulmonary arrest algorithm and a review of pertinent
medications and calculations were presented to postgraduate year 1 (PGY1) pharmacy residents, followed
by participation in 3 simulated clinical scenarios using a high-fidelity mannequin.

Assessment. An improvement of pharmacy resident knowledge, confidence, and competency with ad-
vanced resuscitation skills was observed. In addition, pharmacy residents demonstrated high performance
levels with skills requiring advanced competency and proactive interactions with the cardiac arrest team.
Conclusion. Incorporating high-fidelity patient simulation into an advanced resuscitation training pro-
gram can help pharmacy residents achieve competency through the active learning of practical skills.
Keywords: patient simulation, advanced cardiac life support, resuscitation, competency-based education, active

learning

INTRODUCTION

Pharmacist participation in advanced cardiovascular
life support (ACLS) reduces adverse drug events and hos-
pital mortality.'* As members of the resuscitation team,
pharmacists are expected to assist with medication prep-
aration and dose calculations, but their roles may also be
expanded to provide chest compressions, analyze rhythms,
administer medications, and provide pharmacotherapy
recommendations based on the patient’s clinical status.?
This team-based approach to advanced resuscitation has
impacted pharmacy education with emphasis on critical
thinking, problem solving, communication, and interpro-
fessional teamwork skills.>® A consensus on the best
method to develop these abilities, however, has not been
reached.

To meet the increasing demand for a mode of edu-
cation that supports the application of knowledge and skill
sets, the use of simulation-based training in medical edu-
cation is expanding at a rapid rate.”'® The Accreditation
Council for Pharmacy Education recommends the use of
educational technologies to aid in experiential learning."!
The technique of imitating a clinical scenario for the pur-
pose of medical training began in the 1960s with Resusci-
Anne.”'? Since then, simulation has expanded from the
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use of partial-task trainers for the development of a spe-
cific skill to high-fidelity, full-body mannequins with so-
phisticated computer-based capacities to provide both
physiological and electrical outputs.’

A major benefit of clinical simulation is the provi-
sion of a safe and supportive educational environment so
that learners can enhance their performance without
inflicting adverse clinical outcomes.'? In addition, high-
fidelity patient simulation (HFPS) may render an elevated
degree of reality to provide feedback and portray clinical
variation. Its impact on learning is comprehensively de-
scribed by the Best Evidence Medical Education review,
which identified many successful features of HFPS, such
as the ability to capture clinical variation, provide indi-
vidualized learning, and offer feedback.”®

Simulation can play an important role for students
and healthcare professionals.”'*'® A prospective ran-
domized controlled trial demonstrated that HFPS im-
proved ACLS performance, and medical residents were
more adherent to American Heart Association standards
during cardiac arrest events.'”"'® High-fidelity simulation
in pharmacy education has also been well received with
a significant improvement in knowledge and problem-
solving skills.***?* One study showed that pharmacy
students felt HFPS enhanced their understanding of
ACLS but they demonstrated poor knowledge retention
at 3 months.? In contrast, Seybert and colleagues estab-
lished that using HFPS with pharmacy students can lead
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to a significant improvement in knowledge, confidence,
and ability to interpret data.*'

We are unaware of any studies demonstrating the
effectiveness of HFPS with pharmacists participating in
resuscitation teams. The purpose of our investigation was
to evaluate how this mode of education can impact ad-
vanced resuscitation knowledge, competency, and confi-
dence of acute care PGY1 pharmacy residents from the
University of California San Diego Medical Center
(UCSDMC). The outcomes of this study may be used to
guide further use of HFPS for advanced resuscitation ed-
ucation and training.

DESIGN

This study analyzed the impact of high-fidelity sim-
ulation as an adjunctive training instrument for improving
knowledge, confidence, and competency with advanced
resuscitation skills in 12 acute care PGY 1 pharmacy res-
idents. The University of California San Diego Institu-
tional Review Board approved this study.

At the start of the pharmacy residency program, each
resident attended the UCSDMC substitute for the Amer-
ican Heart Association ACLS course known as the Ad-
vanced Resuscitation Training (ART) workshop. The ART
course teaches institution-specific treatment algorithms for
arrest situations and basic resuscitation techniques to all
trainees. When compared to ACLS, the ART program al-
lows further customization to address discipline-specific
skills so that pharmacists may learn the fundamentals
of an arrest response and practice skills relevant to their
expected responsibilities at a greater depth. As a replace-
ment for ACLS certification, all staff physicians, pharma-
cists, respiratory therapists, and nurses are required to
attend ART and maintain competency biennially.

The pharmacist ART course involved 4 hours of for-
mal instruction, 2 hours of medication review, and 2 hours
of interactive task-based training for cardiopulmonary re-
suscitation. Although the course used partial-task trainers
and defibrillators with manually adjustable rhythms, the
mannequins were incapable of providing real-time feed-
back and their functions were limited to practicing airway
management and chest compressions. The pharmacist
ART course was offered annually to pharmacy residents
and taught by the UCSD resuscitation director and 2 phar-
macists on the University Code Blue Committee. All res-
idents were required to achieve a minimum score of 70%
on the approved multiple-choice written examination to
be allowed to assist in a cardiac arrest team.

Six months following the initial ART course, a high-
fidelity simulator became available for the first time as an
adjunctive training tool for pharmacy residents. Because
the primary purpose of incorporating HFPS into ART was

to enhance resident education, only pharmacy residents
participated in this study. The whole-body mannequin is
an iStan and is operated with the Miise interface (CAE
Healthcare, Sarasoto, FL). The high-fidelity human pa-
tient simulator has a functional airway, palpable pulses,
and a synchronized display for physiologic variables such
as an electrocardiogram, pulse oximetry, and blood pres-
sure. Its ability to respond to medications and progress to
different clinical scenarios based on the participant’s in-
terventions allows for the incorporation of complex med-
ical conditions and the creation of intricate simulated
cases. Three weeks prior to the implementation of the
HFPS-ART course, baseline knowledge, confidence, and
competency in performing advanced resuscitation skills
were evaluated. Informed consent was obtained and demo-
graphic data including age, gender, previous intravenous
admixture experience, and prior emergency response ex-
perience were collected (Table 1).

The HFPS-ART course consisted of a lecture-based
overview of institution-specific cardiopulmonary life sup-
port algorithms, a review of pertinent medications and drip
calculations, a demonstration of a simulated case, and
participation in 2 HFPS scenarios (Figure 1). An intensive
care unit (ICU) pharmacist demonstrated the first case and
paused intermittently to discuss the proposed interven-
tions. The residents were then divided into groups of 4,
with each group independently participating in 2 simu-
lated advanced resuscitation scenarios. Each resident was
given the opportunity to be the primary cardiac arrest
team pharmacist, assist as the secondary cardiac arrest

Table 1. Demographics of Postgraduate Year 1 Acute Care
Pharmacist Residents Who Participated in Simulated
Advanced Resuscitation Training

Residents

Characteristic (n=12)
Age, median years (range) 27 (26-41)
Sex, No. (%)

Male 2 (17)

Female 10 (83)
Previous IV Compounding Experience, No. (%)

None 0 (0)

Less than average 8 (67)

Average 2 (17)

More than average 2 (17)
Previous code® experience, No. (%)

0-1 cases 2 (17)

2-5 cases 9 (75)

6-10 cases 1(8)

>10 cases 0 (0)

*The investigators used the term “code” interchangeably with cardiac
arrest in this survey instrument.
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Figure 1. Research design.

team pharmacist, perform chest compressions, and oper-
ate the bag-valve mask. These cases were facilitated by
3 pharmacists experienced with advanced resuscitation;
1 to operate the high-fidelity patient simulator, 1 to rep-
resent the physician in charge, and another to represent
the cardiac arrest team nurse. The facilitators were allowed
to intervene in order to offer guidance and emphasize
teaching points. Following each case, the residents were
debriefed and received suggestions to improve their per-
formance as a pharmacist on the cardiac arrest team.
Three weeks after the HFPS-ART course, the pharmacy
residents were tested again for advanced resuscitation
knowledge, confidence, and competency.

EVALUATION AND ASSESSMENT
Presimulation and postsimulation assessments of
knowledge, confidence, and competency were respec-
tively obtained through a written examination, survey in-
strument, and simulated exercise. The 20 multiple-choice
questions on the written examination closely resembled
those approved by the University Code Blue Committee
but were modified by the study investigators to focus on
pharmacist-specific responsibilities, such as providing
accurate dose recommendations and drip rate calcula-
tions. The validity and reliability of the questions were
verified by a pharmacist on the committee. Presimulation

written examination scores and answers remained undis-
closed to maintain the integrity of the postsimulation
assessment.

Presimulation and postsimulation confidence with
pharmacist advanced resuscitation skills was evaluated
using a survey instrument. The 10-question survey instru-
ment was designed by the study investigators and used
a 5-point Likert scale for responses, ranging from strongly
disagree to strongly agree, similar to the survey instru-
ments used in previous simulation-based studies.*****

The competency assessment was a 20-minute HFPS
case designed for the uninterrupted evaluation of pharma-
cist advanced resuscitation skills. The presimulation case
involved ventricular fibrillation, ventricular tachycardia,
and hypotension secondary to septic shock, while the
postsimulation case consisted of pulseless electrical ac-
tivity, ventricular tachycardia, and hypotension second-
ary to septic shock. The presimulation and postsimulation
scenarios were different to minimize positive results
gained from a repeat evaluation of the same case. Perfor-
mance was scored based on equivalent timing goals
and required interventions to allow for comparison be-
tween the 2. To maintain the integrity of the exercise
between the pharmacy residents, the participants were
required to complete the written examination and confi-
dence survey instrument at an alternate location under
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pharmacist supervision immediately prior to the compe-
tency evaluation.

During these competency cases, the physician in
charge, cardiac arrest team nurse, respiratory therapist,
and healthcare practitioner performing compressions
were represented by a pharmacist. Each resident was
scored by 2 independent evaluators based on a previously
validated and reliable checklist.'” The checklist was mod-
ified to reflect the pharmacist-specific required interven-
tions assessed in our study , such as providing repeat doses
of epinephrine within an appropriate timeframe, recom-
mending correct antiarrhythmic doses, and calculating
accurate drip rates. These interventions were reviewed
by 2 ICU specialists and listed in the order recommended
by institutional algorithms and given equal weight. A di-
chotomous scoring scale was assigned to each procedure
with 0 indicating not done or performed incorrectly, and
1 demonstrating that the resident had completed the task
correctly. The final score was based on the averaged result
between the 2 evaluators.

Within the competency assessment, the evaluators
also investigated the pharmacy residents’ ability to recall
knowledge and anticipate medication requests. The for-
mer measured the residents’ aptitude for recommending
medications and doses during a stressful scenario, while
the latter measured their ability to suggest and compound
appropriate medications without being prompted by
a physician or nurse. Throughout the simulated exercise,
open communication with the cardiac arrest team was
allowed and encouraged if assistance was needed with
clinical interpretation.

Twelve acute care pharmacy residents completed the
simulated ART course using the HFPS. The median age
was 27 years old and there were more female participants
(83%) than male participants (17%). Baseline character-
istics were similar, with most residents having little ex-
perience with compounding intravenous medications and
attending = 5 cardiac arrests prior to the HFPS exercise.
Presimulation and postsimulation data were analyzed us-
ing the Wilcoxon-signed rank test. Analysis of the com-
petency data was performed using the average score of the
2 evaluators. The significance level was set at 0.05.

Advanced resuscitation knowledge prior to and fol-
lowing the HFPS-ART course was assessed through
a written examination. Presimulation scores showed that
only half of the residents were performing at or above the
minimum competency level of 70%. Of 20 questions, the
median scores were 13 before and 18 after high-fidelity
simulation training. Following the HFPS-ART course,
pharmacy resident advanced resuscitation knowledge
scores based on a written examination significantly in-
creased from 65% to 88% (p=0.001). An improvement

in score was consistent for all trainees, with the exception
of 1 participant who had achieved perfect scores at both
the baseline and final evaluation, thereby precluding any
chance for improvement on the written examination. Fol-
lowing HFPS-ART, all residents scored at least 70%, with
3 of 12 achieving perfect scores.

Pharmacy residents’ confidence with advanced re-
suscitation techniques improved overall after HFPS-
ART. The median confidence score increased from 3.2
to 4.0 (p=0.001) based on a 5-point Likert scale (Table
2). Residents felt significantly more confident that they
had received sufficient advanced resuscitation training,
understood institutional algorithms, and recognized the
roles of other team members. In addition, they believed
they were able to provide accurate dose recommenda-
tions, problem solve, and communicate effectively in
a stressful scenario. Confidence with becoming more
familiar with the cardiac arrest medication box contents
and calculating drip rates, however, did not significantly
improve.

Competency evaluations showed a significant im-
provement in overall pharmacy resident aptitude with ad-
vanced resuscitation skills, based on a comprehensive
intervention checklist. The median pre- and post-simulation
competency scores were 64% and 77%, respectively
(p=0.009). The statistics were adjusted for multiple
evaluators. Secondary outcomes measured within the
competency evaluation included the capacity to recall
knowledge in a disorderly environment, and the ability
to anticipate cardiac arrest medication requests through
independent clinical assessment or open communication
with the team. The median knowledge recall score was 77%
before and 84% after the HFPS-ART course (p=0.003).
The median medication anticipation score was 52% before
and 68% after HFPS-ART (p=0.027).

DISCUSSION

This study analyzed the impact of adding HFPS to
an existing advanced resuscitation program to improve
pharmacy resident knowledge, confidence, and compe-
tency with cardiopulmonary resuscitation interventions.
Overall, implementation of simulation-based teaching
has a positive impact on medical education. Fourth-year
medical students showed improved confidence after
completing clinical trauma scenarios.'® In 2005, Wayne
and colleagues documented that simulation-based edu-
cation significantly increased medical residents’ adher-
ence to resuscitation guidelines based on intervention
checklist scores.!” More importantly, they were able to
link performance in the simulated environment with the
quality of delivered patient care in a followup report pub-
lished in 2008."*
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Table 2. Confidence Survey Scores of Pharmacy Residents Before and After Advanced Resuscitation Simulation Training

Postsimulation® Postsimulation®
Mean Median Mean Median

Question (SD) (Range) (SD) (Range) P

I believe that I have received an adequate 2.9 (0.7) 3.0 (2.0-4.0) 3.8 (0.4) 4.0 (3.0-4.0) 0.004
amount of advanced resuscitation training
to perform competently during codes.”

I feel confident in my ability to interpret a 2.0 (0.7) 2.0 (1.0-3.0) 3.2 (0.8) 3.0 (2.0-4.0) 0.002
basic electrocardiogram.

I have a good understanding of advanced 2.8 (0.7) 3.0 (2.0-4.0) 3.8 (0.5) 4.0 (3.0-4.0) 0.008
resuscitation algorithms.

I am familiar with the contents in the code box. 3.5(0.8) 3.5 (2.0-5.0) 3.7 (0.5) 4.0 (3.0-4.0) 0.69

I am comfortable providing dose recommendations. 2.8 (0.6) 3.0 (2.0-4.0) 3.7 (0.5) 4.0 (3.0-4.0) 0.004

I feel competent in calculating drip rates. 3.7 (0.7) 4.0 (3.0-5.0) 3.9 (0.7) 4.0 (3.0-5.0) 0.53

I am actively anticipating the medications 2.9 (0.9) 3.0 (2.0-4.0) 3.8 (0.6) 4.0 (3.0-5.0) 0.016
the code team may request next.

I feel comfortable with my ability to 2.9 (0.8) 3.0 (1.0-4.0) 3.7 (0.5) 4.0 (3.0-4.0) 0.008
problem-solve in a stressful situation.

I am aware of the roles and responsibilities that 3.5(0.9) 4.0 (2.0-5.0) 4.1 (0.5) 4.0 (3.0-5.0) 0.031
other healthcare practitioners have during a code.

I feel comfortable communicating with other 3.3(0.7) 3.0 (2.0-4.0) 4.0 (0.6) 4.0 (3.0-5.0) 0.008
members of the code team.

Overall Score 3.0 (0.5) 3.2 (2.2-3.7) 3.8(0.4) 4.0 (2.9-42) 0.001

*Responses were based on a Likert scale of 1 to 5 of which 1=strongly disagree, 2=disagree, 3=neither agree nor disagree, 4=agree, and

S5=strongly agree.

PThe investigators used the term “code” interchangeably with cardiac arrest in this survey instrument.

Seybert and colleagues described the incorporation
of HFPS into pharmacy education. Second-year phar-
macy students were extremely satisfied with their expe-
rience and 75% felt that the exercise further developed
their ability to solve problems.?' In 2008, HFPS was in-
tegrated into an Introduction to Critical Care course and
the students’ knowledge of and confidence in pharmaco-
therapy and patient-care skills significantly improved.*

Our study generated similar results and it was the
first study to evaluate the effectiveness of simulation-
based training on practicing pharmacy residents. While
the UCSDMC standard for pharmacist participation on
the cardiac arrest team is the biennial completion of a
written competency test, several studies have exposed
the failure of written examinations to predict the success-
ful acquisition of practical skill sets.®!!"'* By introducing
a mode of education that offers a supportive learning envi-
ronment through repetitive practice, clinical variability,
and individualized learning, the goal of incorporating
HFPS is to provide an outcomes-based strategy for training.

To achieve our primary objective of evaluating the
effectiveness of HFPS for pharmacy resident training, our
study assessed both written and practical advanced resus-
citation skills. Although our findings for improvement in
knowledge and confidence are consistent with those
of previous studies, few investigations have explored

functional competency as an endpoint. In addition to show-
ing a significant improvement in overall competency,
pharmacy residents demonstrated that simulation-based
education can enhance performance in a simulated sce-
nario through their ability to recall knowledge in a disorga-
nized environment and proactively respond to the patient’s
changing clinical status. This further strengthens study
findings that HFPS promotes the practical application of
clinical skills and is a useful tool for pharmacist training.

One unexpected finding was that neither residents’
confidence in calculating drip rates or familiarity with the
cardiac arrest medication box contents notably improved,
but high baseline confidence levels may have left little
room for progress. We also appreciated the significant
improvement in competency with tasks requiring more
advanced skill sets, such as anticipating medication re-
quests and communicating with other members of the
code team. Because these abilities cannot be cultivated
through a traditional written competency examination,
HFPS may help bridge the gap between a passive to an
active-learning experience.

The time required for all 12 pharmacy residents to
participate in the HFPS-ART course and complete the
presimulation and postsimulation assessments was ap-
proximately 17 hours. This is similar to the 19 hours re-
quired in a study by Mieure and colleagues, with the
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availability of only 1 high-fidelity patient simulator being the
greatest limitation. Total instruction time for the HFPS-ART
session was 5 hours and included 1 hour of lecture, 30 min-
utes of medication review, 30 minutes of HFPS demonstra-
tion, and 1 hour for each group of 4 pharmacy residents to
complete 2 cases. Although this investigation relied on phar-
macy residents as study participants, the same HFPS mod-
ules can be used for staff pharmacists. Because of a greater
variation in cardiac arrest experience between the ICU and
non-ICU clinical specialists, the groups for the simulated
exercise may be formed based on self-reported comfort
levels with cardiac arrest team participation. In order to im-
plement HFPS as a routine component of ART, technolog-
ically advanced skills are required to run the software, build
case scenarios, and compile debriefing documents. Also,
experienced practitioners should be present to run the
high-fidelity simulator and provide appropriate feedback.

Several limitations existed with this study. Because
the pharmacy department was interested in piloting a fully
functional ART course with the incorporation of HFPS,
we were unable to determine whether the improvement in
scores could be attributed to the additional lecture pro-
vided along with HFPS. The material was a condensed
version of the same presentation from the initial ART
workshop, however, so the lecture did not contain any
new information. With regards to any potential knowl-
edge acquired from the repeat administration of the writ-
ten examination, the solutions to the test were never
revealed, thereby minimizing the possibility of recogniz-
ing the most appropriate answer. Also, residents may have
gained experience from the baseline competency assess-
ment as a result of additional time spent training with the
high-fidelity simulator. Therefore, the combined effect of
the HFPS-ART course and the baseline HFPS case could
have led to improved advanced resuscitation skills.

Limitations with the competency evaluations in-
cluded the use of 2 HFPS cases, the variation in pharma-
cists representing members of the cardiac arrest team, and
the different independent evaluators used for the presimu-
lation and postsimulation exercises. The HFPS scenarios,
however, were intentionally distinct to reduce the positive
effect of repeating the same exercise. More importantly,
the timing goals and interventions required from the com-
petency assessment were equivalent. Cardiac arrest team
members were represented by pharmacists who volun-
teered to be present for either the baseline or final assess-
ments. Despite these differences, each team member was
given a script with specific instructions to minimize vari-
ation. The use of different evaluators was the greatest lim-
itation, but 1 evaluator was consistently present for both
assessments and the final score for each resident was based
on the averaged findings between the 2 evaluators.

Another limitation was the difficulty speculating the
overall impact of simulation-based education based on
a small sample size of 12 participants. Also, because
HFPS was incorporated as an additional training tool
for all acute care pharmacy residents, the absence of
a control group cannot eliminate the effect of time and
emergency response experience gained within the 6
weeks between the baseline and final assessments. Most
trainees, however, did not claim any additional experi-
ence, except for 1 resident who attended as many as 5
cardiac arrests during this timeframe because of a prac-
tice experience in the emergency department. Further-
more, the study did not measure long-term retention of
advanced resuscitation knowledge, confidence, or com-
petency since the final evaluations were performed only
3 weeks after HFPS-ART course, which was near the
completion of the residency program. Arranging for
the course to be taken at the beginning of the year
or extending HFPS-ART to staff pharmacists may
allow for future opportunities to determine long-term
effectiveness.

Regardless of these barriers, our study demonstrated
positive outcomes for using HFPS as an adjunctive tool to
improve pharmacy resident competency with advanced
resuscitation skills. In addition to achieving basic profi-
ciency of advanced resuscitation knowledge and tech-
niques, our investigation corroborated that high-fidelity
simulation may be an effective mode of education for
acquiring practical experience.

Based on the success of this program, the UCSDMC
Resuscitation Director and Code Blue Committee have
sanctioned the incorporation of HFPS for the annual train-
ing of all pharmacy residents. Invitation to participate in
the training program has also been extended to the staff
pharmacists at our institution. Although the HFPS cases
remained the same, the lecture-based portion was aug-
mented to include neurological, neonatal, and maternal
emergencies. Additional directions of HFPS-ART at this
institution involve expansion beyond the traditional
ACLS algorithms to include stroke and ST-segment ele-
vation myocardial infarction cases.

SUMMARY

This study assessed the impact of adding high-
fidelity simulation to an existing ART program to im-
prove pharmacy resident knowledge, confidence, and
competency with cardiopulmonary life support algo-
rithms and techniques. The participants successfully
demonstrated that HFPS-ART was effective for achiev-
ing functional competency with advanced resuscitation,
and the use of a high-fidelity simulator may be helpful
with the development of practical skill sets.
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