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Objective. To design and implement an advanced cardiac life support (ACLS) workshop featuring
a human patient simulator (HPS) for third-year pharmacy students.
Design. The ACLS workshop consisted of a pre-session lecture, a calculation exercise, and a 40-minute
ACLS session using an HPS. Twenty-four 5-member teams of students were assigned roles on a code
team and participated in a ventricular fibrillation/pulseless ventricular tachycardia case.
Assessment. Students completed an anonymous postactivity survey instrument and knowledge quiz.
Most students who completed the ACLS workshop agreed they would like to participate in additional
simulation activities and that the HPS experience enhanced their understanding of ACLS and the
pharmacist responsibilities during an ACLS event (99.2% and 98.3%, respectively). However, the
median score on the knowledge-based questions was 25%.
Conclusion. Pharmacy students agreed HPS enhanced their learning experience; however, their re-
tention of the knowledge learned was not consistent with the perceived benefits of HPS to education.
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INTRODUCTION
Advanced cardiovascular life support (ACLS) is a

complex, team-based set of treatment strategies essential
for the survival of patients experiencing a life-threatening
cardiac event. As members of the ACLS team, pharma-
cists prepare medications at the bedside, provide phar-
macotherapy consultations, and document medication
administration.1 Pharmacist participation on a resuscita-
tion team in United States hospitals is a core clinical phar-
macy service, as their participation decreases adverse
drug reactions and hospital mortality.2,3 From an educa-
tional standpoint, ACLS represents an ideal integration
of patient assessment skills, drug preparation skills, and
pharmacotherapeutic knowledge into a process that re-

quires immediacy and accuracy. The Accreditation Coun-
cil for Pharmacy Education (ACPE) recommends the
integration of ACLS into the doctor of pharmacy
(PharmD) curriculum.4 However, the best methods for
incorporating ACLS knowledge and skill competencies
into the curriculum have not been established.

Patient care simulators have been used with increas-
ing acceptance by schools of medicine, nursing, and phar-
macy to train students for a variety of clinical scenarios.5

One example is high-fidelity simulation, a unique way
to introduce students to ACLS while creating an activity
that allows students to apply ACLS pharmacotherapeutic
knowledge and skill sets. Simulations are typically case
studies of a physical reality in which participants assume
a role and address problems that arise during the simula-
tion.6 The fidelity of the simulations refers to the degree
to which the simulation reflects reality and can be further
characterized by environmental, equipment, psychologi-
cal, and factual accuracy.7 Human patient simulators
(HPSs) are a type of high-fidelity simulator that uses
a mannequin integrated with a computer to produce dy-
namic physiologic outputs such as respiratory movement
and electrocardiogram (ECG) monitor readings. Human
patient simulators use software that allows the physio-
logic parameters to change in response to interventions.8

Human patient simulators may be more useful than a
didactic lecture and/or paper-based cases in the introduction
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of ACLS skills because HPSs may help illustrate how
clinical, communication, and teamwork skills must be
integrated to manage a patient’s therapy. For example,
a paper-based case may allow students to use their phar-
macotherapeutic knowledge to select ACLS medications
and develop a monitoring plan. However, it would not
recreate the immediacy in which that knowledge would
have to be applied, nor would it illustrate the environment
in which nonpharmacologic interventions are occurring
simultaneously with the pharmacologic interventions.
The HPS activity provides firsthand experience, allowing
students to gather patient data actively, make real-time
decisions, learn about the roles of other health care pro-
viders, and implement concurrent interventions such as
cardiopulmonary resuscitation. The ACPE recognizes
simulation as a method to help develop critical-thinking
and problem-solving skills that should be incorporated in
PharmD curricula.4 Human patient simulation has been
used in pharmacy education to evaluate blood pressure
assessment techniques and assess students’ mastery of
pharmacotherapeutic coursework. 9-12 The use of HPS
for teaching pharmacy students ACLS content has not
been reported, but its use has been documented in other
health disciplines.13-15

At the University of Kentucky College of Pharmacy,
an ACLS laboratory was developed as part of a patient
care laboratory course sequence. In 2008, an ACLS lab-
oratory was redesigned as a HPS-based workshop to in-
troduce third-year pharmacy students to the pharmacist’s
role in ACLS. This paper describes the design and imple-
mentation of an HPS-based ACLS workshop for third-
year pharmacy students. The investigation was conducted
to evaluate student knowledge and perception after the
activity.

DESIGN
Patient Care Laboratory VI is the last course in a re-

quired 6-semester laboratory sequence in the college’s
PharmD curriculum. Prior to student participation in the
ACLS workshop in the spring semester of the third year,
students completed a majority of the pharmacotherapeu-
tics coursework in cardiovascular and pulmonary disease
and critical care management. Earlier in the curriculum,
students had completed coursework in physical assess-
ment and preparation of sterile products.

Previous iterations of the ACLS workshop consisted
of 3 to 4 hours of lecture, design of a patient care plan,
introduction to the code cart, and preparation of common
medications used in ACLS algorithms. These station-
based activities were disconnected and focused on specific
individual aspects of ACLS. For example, a small group
of students would spend 15 minutes being oriented to a

code cart (cardiac arrest cart), then 15 minutes working
through a paper cardiac arrest case, then 15 minutes pre-
paring a norepinephrine drip. The result was an exercise
that illustrated skills a pharmacist must master to provide
ACLS, but the activity failed to demonstrate how these
skills must be integrated to provide fast, efficient, and
correct care to a patient.

The intent of the revised ACLS workshop was to in-
troduce an advanced area of pharmacy practice to phar-
macy students while integrating patient assessment skills,
sterile product preparation, and application of knowledge
of critical care and cardiovascular pharmacotherapeutics.
The incorporation of HPS technology into an ACLS
workshop allowed for the simulation of the immediacy
that is required to apply these skills and knowledge. Al-
though students were required to maintain basic life sup-
port certification while enrolled in the PharmD program,
the workshop did not meet the criteria for and was not
intended to substitute for ACLS certification.

The ACLS workshop consisted of a pre-session lec-
ture, a pre-session ACLS calculation exercise, and a 40-
minute ACLS HPS session. Objectives of the ACLS
workshop included preparation of medications for admin-
istration in a code situation, calculation and recommen-
dation of appropriate administration rates for ACLS
medications, and assessment of a patient’s clinical status
to anticipate possible therapeutic interventions. To ac-
complish these objectives, students attended a 2-hour
prelaboratory lecture that identified the role of the phar-
macist during ACLS, reviewed common pharmacologic
agents used in ACLS protocols, and reviewed preparation
and calculation of intravenous infusion rates. Students
were also provided an ACLS cardiac arrest algorithm
and were asked to review the document prior to attending
the HPS session.16 Students were divided into 24 groups
of 5 students and assigned to a session time. Each group
was given a pre-session activity consisting of 3 ACLS-
based scenarios that allowed students to review basic
concentration and infusion rate calculations.

The HPS sessions were scheduled on 4 different days
and held at the University of Kentucky Clinical Skills
Training and Assessment Center between February
2008 and April 2008. Six-40 minute sessions were sched-
uled for each day. The sessions were spaced over a 3-
month period because of class schedules and availability
of the HPS suite. This activity required approximately 19
hours of instruction to provide all lectures and to have
24 groups of students complete the HPS session. This was
a marked increase in instruction time compared to a pre-
vious iteration of the activity, which had taken 11 hours.
The availability of only 1 HPS was the primary reason for
the increase in time. This activity required students to
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attend 3 hours and 40 minutes of instruction with an esti-
mated 1 to 2 hours of outside preparation for the HPS session.

The HPS session was designed around a simulated
ventricular fibrillation/pulseless ventricular tachycardia
ACLS case. The METI Human Patient Simulator (METI,
Sarasota, FL) was used for this simulation. This simulator
was specifically designed for training in anesthesia, re-
spiratory, and critical care medicine.17 The simulator had
multiple features including palpable pulses, reactive eyes,
and the ability to respond physiologically to medication
administration based on type, dose, and timing of admin-
istration. The simulator also had a complete monitoring
system that mirrored standard monitoring systems avail-
able in intensive care units. The monitoring system
allowed students to view the ECG, oxygen saturation,
blood pressure, and heart rate of the patient in real time.
A ventricular fibrillation/pulseless ventricular tachycar-
dia scenario was programmed into the HPS, allowing the
instructors to pause the scenario to discuss teaching points
and then advance the scenario as appropriate. Given the
introductory nature of this activity, the course instructor
and resident utilized this pause feature to provide imme-
diate feedback and cover specific discussion points
throughout the scenario. Additionally, this structure
allowed them to standardize information being provided
to the students. This format differed from traditional sim-
ulation exercises in which students work independently
and receive feedback after the completion of the scenario.
Table 1 outlines the discussion points covered during the
session. In addition to the HPS, a code cart stocked with
a defibrillator and typical ACLS medications and mate-
rials was utilized during the workshop (Table 2). The
Clinical Skills Training and Assessment Center, a division
of the University of Kentucky College of Medicine, man-
aged the HPS.

The ACLS workshop was led by the course instructor
and a postgraduate year 2 critical care pharmacy resident.
Students were oriented to the available monitoring de-
vices (ECG, pulse oximetry, blood pressure, respiratory
rate, and heart rate) and the HPS. Students were asked to
palpate the different pulses and auscultate the lungs and
heart. Next, the group was oriented to the code cart, loca-
tion of materials and medications, and use of the defibril-
lator. After the orientation period, the 5 members were
assigned roles on the code team including serving as the
code leader, administering respirations, performing chest
compressions, preparing medications, and operating the
defibrillator or administering medications. Following
code team assignments, the patient began to develop pre-
mature ventricular contractions (PVCs) and progress to
ventricular fibrillation or pulseless ventricular tachycar-
dia. Each group performed basic life support measures,

demonstrated mock defibrillation, administered vasoac-
tive and antiarrhythmic medications according to ACLS
algorithms, and prepared an epinephrine drip for vasoac-
tive support following return of spontaneous circulation
(ie, successful cardiopulmonary resuscitation). During
each HPS session, an instructor was present and provided
real-time supervision and coached all group members in
each of their roles. After completion of the scenarios, the
instructors summarized areas of difficulty and responded
to student questions.

The entire ACLS laboratory was worth 25 points to-
ward the final course grade. Ten of the 25 points could be
earned from the preworkshop activity, 10 points could be
earned for appropriate participation in the workshop, and
the remaining 5 points could be earned from completing
an anonymous postactivity survey instrument and knowl-
edge quiz at the end of the spring semester during an un-
related laboratory activity. Anonymity was preserved by
instructing students to refrain from writing any identifiers
on the survey instrument and knowledge quiz. Students
were then asked to sign their name on a log after they
completed and turned in their survey instrument and quiz.
Students were not permitted to use any resources other
than a 4-function calculator. The perception survey (Ta-
ble 3) evaluated the students’ perception of the ACLS
workshop and the HPS. The survey instrument consisted
of 7 questions and used a 4-point Likert scale (1 5

strongly agree, 2 5 agree, 3 5 disagree, 4 5 strongly
disagree). The knowledge quiz consisted of 2 K-type
questions and 2 multiple-choice questions to assess
knowledge gained during the HPS patient care workshop
and prior didactic lectures. The questions addressed
ACLS protocols for asystole, pulseless electrical activity
(PEA), ventricular tachycardia, and concentration and
rate calculations for an epinephrine intravenous infusion
(assessment materials are available upon request). The
survey and quiz results were quantified and compared
using means and medians where appropriate. This assess-
ment was covered by the exempt Institutional Review
Board application of the College of Pharmacy Office of
Education, which allows faculty members to collect data
related to the curriculum for the purposes of assessment
and accreditation.

EVALUATION AND ASSESSMENT
One hundred twenty students completed the ACLS

workshop and 119 students completed the postworkshop
survey and quiz. Almost all students agreed or strongly
agreed the HPS experience enhanced their understanding
of ACLS and the pharmacist responsibilities during an
ACLS event (99.2% and 98.3%, respectively; Table 3).
The survey questions regarding medication utilization,
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preparation, and administration received the most varied
responses from the students. Some students did not agree
that the simulation experience helped them understand
how to prepare medications (n514) or apply dosing cal-
culations to the preparation of medications during an

ACLS event (n525). However, the majority of students
responded they would participate with an HPS again if
given the opportunity and would like to see this type of
experiential learning incorporated into other areas of their
pharmacy curriculum.

Table 1. Human Patient Simulator Session Completed by Pharmacy Students Enrolled in a Patient Care Laboratory Course

Scenario Component Patient Status Discussion Points Student Task

Introduction
to Patient

Patient awake
and laying in bed

d Orientation to HPS d Auscultate Lungs and Heart
d Provide patient case d Palpate pulses
d Orientation to telemetry

monitors (BP, ECG, and HR)
d Observe eye and respiratory

movement
d Interpret telemetry monitors

Code Cart
Orientation

Patient awake
and laying in bed

d Defibrillator use d Locate supplies
d Location of drugs and supplies d Demonstrate bristoject assembly
d Medication and saline

flush Preparation

d Medication Labeling

Patient-Beginning
ACLS

Patient develops PVCs
and eventually progress
to V-Tach then V-Fib and
loss of consciousness

d Basic Life Support Review d Airway-Head Chin Lift
d Calling for help d Breathing-reading pulse oximetry,

auscultation of lungs;
rescue breathing

d Obtaining Defibrillator

d Circulation-Check for pulses;
chest compressions

d BLS algorithm

d Preparation of epinephrine
and saline flushes

Patient in V-Fib d Defibrillation-Defibrillator use,
settings, and safety

d Rhythm Check

d Compare and contrast of V-Fib
and PEA/asystole treatment
algorithms

d Provide defibrillation
d Provide Epinephrine and flush
d Continue 5 cycles of CPR

Patient-Mid
ACLS

Patient remains
in V-Fib

d Consideration
of antiarrhythmics

d Rhythm Check/ Provide
defibrillation/CPR

d Preparation considerations
of amiodarone loading dose

d Provide Epinephrine and flush
d Preparation of amiodarone

loading dose
Patient-Late

ACLS
Patient remains

in V-Fib
d Administration consideration of

amiodarone loading dose
d Rhythm Check/ Provide

defibrillation/CPR
d Provide amiodarone and flush
d Provide defibrillation

Patient-ACLS
completion

Patient achieves normal
sinus rhythm and breathes
unassisted but becomes
hypotensive

d Assessing stability of patient d Rhythm Check
d Bedside infusion preparations d Reassessment of pulses,

blood pressure,
and respirations

d Beside infusion calculations

d Preparation of epinephrine
infusion

d Calculation of epinephrine rate
Bedside

Debriefing
Patient remains stable d Faculty comment on strengths

and weaknesses
d same

d Discussion based on student
questions and comments

Abbreviations: HPS 5 Human Patient Simulator; BP 5 Blood Pressure; ECG 5 Electrocardiograph; HR 5 Heart Rate; PVCs 5 Premature
Ventricular Contractions; V-Tach 5 Ventricular Tachycardia; V-Fib 5 Ventricular Fibrillation PEA 5 pulseless electrical activity; BLS 5 Basic
Life Support; CPR 5 Cardiopulmonary Resuscitation
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The median score on the knowledge-based portion of
the survey instrument was 25%. Ninety-five percent of
students answered 2 or fewer questions correctly. Questions
regarding asystole/PEA and ventricular tachycardia were
answered correctly by 21.8% and 11.8%, respectively. Ap-
proximately 20% of answers for the concentration calcula-
tion were correct and 78% of the rate calculations were
correct.

DISCUSSION
Simulation has consistently been an important tool

for the education of health care professionals.18 Simula-
tion learning is highly valued by students training in the

healthcare professions. Fourth-year medical students who
underwent trauma management simulation training felt
they were more clinically competent to handle trauma
situations in the hospital.19 Also, fourth-year medical stu-
dents who were taught how to handle medical emergen-
cies through HPS perceived improvement in both
teamwork skills and their understanding of approaching
a problem in a systematic way.20 Third- and fourth-year
medical students felt that critically ill patient simulation
scenarios promoted critical thinking and active learning
and allowed them to integrate basic and clinical sciences
in order to practice for residency. The medical educators
overseeing these students recognized opportunities for
integration of basic clinical teaching with advanced prob-
lem solving in the scenarios.21

Use of HPS in pharmacy education has been described
in 3 studies conducted by Seybert et al in which second-
year pharmacy students were trained using HPS as part of
2 courses: Pharmacotherapy of Cardiovascular Disease
and Introduction to Critical Care.10-12 Simulation provided
the students enrolled in the Pharmacotherapy of Cardio-
vascular Disease course an opportunity to apply classroom
knowledge in a realistic setting to measuring blood pres-
sures and dysrhythmia and myocardial infarction manage-
ment.10,11 Students were given a pre- and post-activity
satisfaction survey and written examination. After simu-
lation-based learning, the authors found a significant im-
provement in students’ knowledge, confidence when
performing physical assessment, and ability to interpret
patient data.

Table 2. Materials and Costs to Support Pharmacy Student
Participation in an Advanced Cardiac Life Support Scenario
for a Patient Care Laboratory Course (24 Groups of 5
Students)

Supply Description Quantity Cost, $

Amiodarone
150 mg/3 mL vials

50 vials 45

Epinephrine (1:10,000)
pre-filled syringes

100 syringes 160

Epinephrine (1:1000)
30 mL vials

5 vials 10

Needles 18G 2 boxes 6
Normal Saline

250 mL bags
2 cases (72 bags) 40

Sharps Container 1 container 2
Syringes (10 mL) 2 boxes 15

Table 3. Perception Survey of Pharmacy Students (n 5 119)

Question

Student Response, No. (%)

Strongly
Agree Agree Disagree

Strongly
Disagree

1. The ACLS laboratory activity improved my understanding
of the pharmacist’s role in a Code 500 situation.

40 (33.6) 77 (64.7) 2 (1.7) 0

2. The ACLS laboratory activity improved my understanding
of how certain medications are utilized in a Cardiac
Arrest Code 500 situation.

19 (16) 90 (75.6) 10 (8.4) 0

3. The ACLS laboratory activity improved my understanding
of how to prepare medications for use in a code 500 situation.

16 (13.4) 89 (74.8) 14 (11.8) 0

4. The ACLS laboratory activity improved my understanding
of how to apply dose calculations related to the preparation
and administration of medications in a Code 500 situation.

10 (8.4) 83 (69.7) 25 (21) 0

5. Use of the Human Patient Simulator Mannequin enhanced
my understanding of Cardiac Arrest ACLS

53 (44.5) 65 (54.6)a 1 (0.8) 0

6. Use of the Human Patient Simulator Mannequin would enhance
my learning of cardiovascular pharmacology/therapeutics

39 (32.8) 73 (61.3) 7 (5.9) 0

7. If given the opportunity, I would participate in other
Human Patient Simulator Mannequin activities in the future

59 (49.6) 53 (44.5) 7 (5.9) 0

a One student scored Question 5 as a 2.5.
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The application of basic critical care concepts was
introduced through simulation in the Introduction to Crit-
ical Care course.12 Not only did the majority of students
feel the simulation session allowed them to utilize knowl-
edge learned in the course, 78% believed the experience
stimulated their overall interest in critical care. When
HPS was used to teach management of hypertensive
emergency as part of a Patient Care Laboratory with sec-
ond-year pharmacy students, 90% of the students felt their
clinical patient care learning improved with HPS com-
pared to standard lectures.9 Eighteen percent of the stu-
dents did not feel the simulation should be a graded
experience in order to reduce the stress caused by having
to perform. In all of these studies, student were in favor
of continued use of HPS throughout the curriculum.9-12

Our study’s perception results regarding HPS are sim-
ilar to other reported perceptions of this type of interactive
training with the exception of one objective to this work-
shop. Twenty-one percent of the students did not perceive
an improvement in applying pharmaceutical calculations
to the preparation and administration of medications in an
ACLS situation. The individual roles of each student par-
ticipant may have hindered improvements in the applica-
tion of calculations during this activity. Although the
facilitators guided the entire group throughout, only 1
student in each group actually performed the calculations.
The remaining group members may not have been ade-
quately exposed to the preparation of medications due to
involvement in other ACLS activities during the scenario.

Students performed poorly on the knowledge ques-
tions, with 95% of students answering no more than half
of the questions correctly. However, reports have docu-
mented higher scores on knowledge assessments adminis-
tered after participating in HPS activities. The performance
of students in our study may have been a reflection of how
the assessments were conducted and the frequency and
duration of use of the HPS.11 Repeated use of HPS may
better orient students to this unique learning style and ulti-
mately lead to greater improvements in knowledge, for
example, an HPS-based ACLS certification course that of-
fered over 20 contact hours resulted in a 98.9% rate of
success leading to certification.22 Our HPS exercise only
allowed for 30 minutes of exposure to the mannequin.
Learning experiences lacking repetition may not achieve
long-term learning, a finding confirmed in this study.23,24

Student preparation is an important factor in their
success on assessments. Students may have chosen not
to prepare for the workshop since the workshop had little
impact on their course grade. However, the amount of
time students spent preparing for the workshop was not
collected. Students may have performed better if the
knowledge assessment was given as a scheduled activity

and had a larger impact on the workshop and/or course
grade. A scheduled, higher stakes assessment may have
increased student motivation to review ACLS material
prior to the workshop and prior to the assessment. Another
factor to consider in the poor student performance on the
knowledge quiz is that the survey instrument and knowl-
edge quiz were not pretested in a focus group setting to
determine whether questions or wording were unclear.

The most effective learning strategies when using
HPS include providing feedback, repetitive practice, cur-
riculum integration, multiple learning strategies, and
a controlled environment 25 Additionally, HPS requires
significant investment of time and financial resources to
implement successfully, causing some colleges to limit
the incorporation of HPS. A limited use of HPS can be
counterproductive as it may interfere with learning due
to students’ lack of comfort with the simulation enivorn-
ment.12 Optimal use of HPS should include repeated ex-
posure to the simulation environment before conducting
assessments. Proper orientation and practice may facili-
tate student acclimation to this interactive method and
enhance knowledge gains.

The postlaboratory results of the perception and
knowledge assessments lacked comparator prelaboratory
assessments. Without knowing the students’ baseline ac-
ceptance or knowledge of ACLS training, it was difficult
to determine whether this innovative learning technique
was better or worse than the previous ACLS curriculum.
However, the students’ overall acceptance of this initial
attempt of HPS learning encouraged the course instructor
to continue using HPS in the ACLS curriculum. The au-
thors acknowledge the need for improvement in the work-
shop activities and made the following changes. To
further enhance the students’ learning during the activity,
the course instructor increased the workshop time from
40 minutes to 50 minutes, allowing more time for the stu-
dents to complete the session tasks. To address the prob-
lems with knowledge retention, the instructor scheduled
an additional hour of lecture in order to provide expanded
material and several case examples to help the students
better prepare for the HPS sessions and assessment activ-
ities. Finally, knowledge assessments count towards the
ACLS workshop grade, which may improve student mo-
tivation to prepare for the HPS and assessments. At this
time, increasing the use of HPS-based ACLS activities is
not possible because of scheduling constraints. However,
the course instructor is investigating ways to use HPS for
other workshop activities that will improve student famil-
iarity with HPS technology. HPS is being discussed at the
university level as a method to provide multidisciplinary
instruction to students of the various health professions
colleges at the University of Kentucky.
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SUMMARY
The introduction of an HPS-based ACLS workshop

helped to integrate ACPE curricular standards related to
ACLS and active-learning in a format that was positively
embraced by students. In our investigation, pharmacy
students in their third year agreed that HPS enhanced their
learning experience. However, their retention of knowl-
edge gained during the HPS activity was not consistent
with the perceived educational benefits of using HPS.
Students performed poorly on a post-quiz designed to
assess ACLS competencies. The limited HPS exposure
and use of a non-graded assessment tool administered
months after the experience may have contributed to stu-
dents’ poor retention of knowledge. Educators should be
proactive to ensure appropriate conditions when imple-
menting this interactive technology to enhance student
learning.
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