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MANAGEMENT OF CRITICALLY ILL PATIENTS
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e Abstract—Background: Simulation (SIM) allows medi-
cal students to manage high-risk/low-frequency cases in an
environment without patient risk. However, evidence for
the efficacy of SIM-based training remains limited. Objec-
tive: To compare SIM-based training to traditional didactic
lecture (LEC) for teaching medical students to assess and
manage critically ill patients with myocardial infarction
(MI) and anaphylaxis. Methods: Prospective, randomized,
non-blinded crossover study of 28 fourth-year medical stu-
dents. Students were oriented to the human patient simula-
tor, then randomized to SIM or LEC between August and
December 2007. The SIM group learned to manage MI using
SIM training and the LEC group learned via PowerPoint
lecture. All subjects’ assessment and management skills were
then evaluated during a simulation session of MI. During a
second instruction session, the students crossed over and
were taught anaphylaxis using the opposite modality and
similar assessments were conducted. Completion of critical
actions for each case were scored, converted to percentages,
and analyzed via signed rank test. Results: Of 28 subjects,
27 performed better when trained with SIM compared with
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LEC (p < 0.0001). Mean scores were 93% (95% confidence
interval [CI] 91–95%) of critical actions completed for SIM
and 71% (95% CI 66–76%) for LEC. Absolute increase for
simulation was 22% (95% CI 18–26%). For three domains
common to MI and anaphylaxis, simulation scores were
higher for history (27%, 95% CI 21–38%), physical ex-
amination (26%, 95% CI 20 –33%), and management
(16%, 95% CI 11–21%). Conclusion: SIM training is supe-
rior to didactic lecture for teaching fourth-year medical stu-
dents to assess and manage simulated critically ill MI and
anaphylaxis patients. © 2011 Elsevier Inc.

e Keywords—human patient simulation; simulation; medi-
cal education

INTRODUCTION

Simulation (SIM) encompasses any technology or pro-
cess that re-creates a contextual background that allows
a learner to experience success, mistakes, receive feed-
back, and gain confidence in a safe environment (1). This
may be particularly useful for low-frequency but high-
acuity scenarios. SIM tools include, but are not limited
to: computers, virtual reality equipment, standardized
patients, and high-fidelity mannequins.

The Institute of Medicine, the Educational Technol-
ogy Section of the 2004 Academic Emergency Medicine

ember 2009;
3 Nov
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Consensus Conference, and the public have advocated
for increased SIM-based training in an effort to reduce
error (2–6). Patient SIM has spread from anesthesiology
to other disciplines such as internal medicine, pediatrics,
neonatology, radiology, trauma, nursing, emergency
medical services/disaster medicine, and emergency med-
icine (EM) (7–18). Although SIM-based training makes
intuitive sense and has shown benefit in other fields such
as aviation, the evidence to support its effectiveness in
medicine is limited.

Research has not conclusively demonstrated whether
SIM-based training is superior to the traditional teaching
methods of didactics, or the more recently utilized prob-
lem-based learning format (19–21). We conducted a
prospective, randomized, non-blinded crossover study
to determine whether SIM-based training is superior to
traditional didactic lecture (LEC) training in the as-
sessment and management of simulated critically ill
patients presenting with myocardial infarction (MI)
and anaphylaxis.

MATERIALS AND METHODS

Participants and Setting

We conducted this prospective, randomized, non-blinded
crossover study from August to December of 2007 in a
simulation laboratory at an urban university teaching
hospital. All fourth-year medical students enrolled in a
required EM clerkship were eligible without exclusion
criteria. The standard didactic core curriculum consisted
of PowerPoint-based lectures as well as interactive small
Figure 1. Crossover study design. SIM � simulation; LEC � traditi
group sessions with faculty. Human patient simulation
had not yet been part of the core curriculum. Students
were randomized by drawing a “number from a hat.”
Odd numbers received SIM-based training on instruction
day 1 and lecture training on instruction day 2, and even
numbers received the converse.

During clerkship orientation, students were offered
voluntary participation in the study. Use of the simulator
was not restricted to the study, and results of the study
did not affect clerkship evaluation. The study was ap-
proved by the local Institutional Review Board and sub-
jects provided informed consent.

Orientation to the Human Patient Simulator

After randomization, all students received an equiva-
lent 30-min orientation to the human patient simulator
(Laerdal SimMan® full scale patient simulator; Laer-
dal Medical Corporation, Wappingers Falls, NY),
which included introducing and reviewing simulator
features as well as the physiologic monitoring devices
(Figure 1). Students were instructed to verbalize their
thoughts, orders, and actions during the simulated patient
scenario. By the end of orientation, expectations of the
simulation exercise were explained and all medical stu-
dent questions were answered.

Curriculum Development, Checklists, and Scoring

An advisory committee consisting of six emergency physi-
cians was created to develop and review the teaching ma-
onal didactic lecture.
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450 C. E. McCoy et al.
terials and assessment tools. Generally, the learning objec-
tives were taken from Tintinalli et al.’s Emergency
Medicine: A Comprehensive Study Guide, 6th edition text-
ook sections on MI and anaphylaxis (22). The objectives
ere clinically focused and specifically designed to include

lements that would be necessary to successfully care for
atients. PowerPoint (Microsoft Corporation, Redmond,
A) slides were created to use as the primary teaching

djunct to lecture sessions. Through an iterative and coop-
rative process, the advisory committee amended the ob-
ectives, altered the slides, and ultimately approved the
earning materials. Learning objectives were identical for
tudents receiving SIM and LEC training.

SIM case scenarios of critically ill MI and anaphy-
axis patients were developed by the authors and re-
iewed by the advisory committee. Critical actions spe-
ific to the MI and anaphylaxis case were developed, and
he individual actions were weighted by consensus, with
igher point values assigned to actions deemed more
ritical. Components of the checklist were history, phys-
cal examination, diagnostic evaluation, and treatment.
ach item was scored in a performed/not performed

ashion. This checklist is similar to those used in simu-
ation research (Appendixes 1, 2) (20). All lecture mate-
ials, case details, and assessment methods were then
eviewed and approved by the EM clerkship director
efore implementation.

Each student’s performance was evaluated real-time
uring the SIM scenario. The majority of training and
ssessment was conducted by one of the authors (CEM).
o ensure quality of the teaching sessions and reliability
f the assessment tools, the EM clerkship director (SL)
bserved 25% of the sessions and reviewed students’
cores. The EM clerkship director independently scored
ach student’s performance during the SIM scenario
bservations and subsequently compared results with the
aculty administering the SIM scenario. No discrepancies
n scores were found, although a formal inter-rater reli-
bility calculation was not performed.

nstruction Day 1

tudents were randomized to begin instruction in the
IM-based training group or LEC group (Figure 1).
he topic for instruction day 1 was MI. While the SIM
roup learned how to assess and manage a critically ill
atient presenting with MI using SIM-based training, the
EC group learned this content via standard lecture with
owerPoint slides. Both teaching sessions were approx-

mately 1 h.
After the teaching sessions were complete, each student,

egardless of group, was individually evaluated on assess-

ent and management of a critically ill patient presenting t
ith MI during a SIM scenario. We chose to evaluate each
tudent on a SIM scenario, as the advisory committee
onsidered this to more closely reflect the goals of the
raining sessions: to manage a critical patient, not simply
nswer questions about managing a critical patient. The
IM scenarios were administered by faculty who operated

he simulation software to react real-time to the student’s
reatment plans, provided the clinical case, and interacted
ith the student in the role of the patient and associated
ealth care team. Each student’s performance was scored
ccording to the method detailed above.

nstruction Day 2

n instruction day 2, students switched groups. Students
reviously taught via LEC were now assigned to SIM
ased-training and vice versa (Figure 1). The topic for
nstruction day 2 was anaphylaxis. Training and evaluation
ere identical to day 1. This design allowed each student to

erve as their own control. After the instruction sessions
ere complete, each student was individually evaluated on
is or her assessment and management of a simulated
ritically ill patient presenting with anaphylaxis. Each stu-
ent’s performance was scored on a predetermined check-
ist specific for the anaphylaxis case scenario.

At the end of instruction day 2, each student had been
valuated on two separate topics, one they learned by SIM-
ased training and the other learned from didactic LEC with
owerPoint instruction. In addition, all students had an
qual amount of exposure to the SIM before the interven-
ion days, as well to both SIM-based and LEC training.

tatistical Analysis

t study end, each student had two performance check-
ists, one for a scenario after LEC, and the other after
IM. Scores were converted to a percentage of possible
oints, and compared between SIM and LEC groups.
istory, physical, and management component scores
ere calculated and converted to percentage scores.
eans and 95% confidence intervals (CIs) were calcu-

ated. Each student’s simulation score was compared
ith his/her lecture score. As the results were paired and
on-parametric, we considered a signed-rank test with
wo-tailed alpha � 0.05 to represent the statistical dif-
erence between groups.

RESULTS

f 33 eligible students, 28 (85%) chose to participate. Of

he 28 students, 27 performed better on the assessment
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when trained with SIM (p � 0.0001). The mean overall
scores were 93% (95% CI 91–95%) for the SIM-based
training group and 71% (95% CI 66–76%) for the LEC
group (Figure 2). SIM training resulted in a 22% absolute
increase in scores (95% CI 18–26%). For three compo-
nents common to the MI and anaphylaxis scenarios, SIM
scores were also higher: history (27%, 95% CI 21–38%),
physical examination (26%, 95% CI 20–33%), and man-
agement (16%, 95% CI 11–21%) (Figure 3).

DISCUSSION

Our objective was to determine whether full-scale human
patient SIM is superior to LEC for teaching medical

Figure 2. Comparison of overall score between simulation (S

Figure 3. Comparison of scores between SIM and LEC group

LEC(T) � lecture; SIM � simulation; CP � chest pain (myocardial
students to assess and manage simulated critically ill
patients. We found a significant improvement in stu-
dent performance for those trained with the SIM com-
pared with those trained via LEC. Twenty-seven of 28
students performed better on the assessment when
trained on the SIM. The absolute improvement in
scores for SIM-based training was 22%. We believe
this is a meaningful improvement.

This study attempted to address some of the gaps in
medical SIM literature. For example, Schwartz et al.
reported that human patient SIM showed no significant
difference in medical student performance (21). How-
ever, they noted that baseline academic achievement
differences in their study groups occurred despite ran-
dom assignment, and this may have affected their results

d traditional didactic lecture (LEC) groups.

mponents: history, physical examination, and management.
s by co

infarction) case; A � anaphylaxis case.
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(21). By comparing each student’s individual SIM score
with their individual LEC score, we eliminate confound-
ing due to baseline differences in knowledge, intellect, or
test-taking skills. Schwartz et al. also noted that stu-
dents studied on their own, outside of prescribed read-
ing and didactics, and “a difference in study habits
between the two intervention groups could potentially
mask a difference in the efficacy of the educational
modalities tested” (21). This study controlled for this
issue, as all students had the same amount of “study
time,” which included only LEC and SIM time. There
was no additional time for the students to study be-
tween instruction and testing. Therefore, with the
same amount of time to prepare, the student’s perfor-
mance more accurately reflects the intervention,
whether it was SIM or LEC.

Steadman et al. reported a randomized trial comparing
SIM-based training to problem-based learning, and con-
cluded that, for fourth-year medical students, SIM-based
learning was superior to problem-based learning for the
acquisition of critical assessment and management skills
(20). The authors report that the use of SIM for the final
assessment may have given the SIM group an advantage
due to SIM bias, a bias introduced when the students
have more experience on the SIM due to training on the
SIM, thus increasing their comfort with the modality. In
this study, each student had an equal amount of exposure
to both the SIM and LEC teaching modalities, thus
minimizing this potential bias. Further, SIM bias would
predict that those students who had SIM training on day
1 would outperform those who had it on day 2. This was
not observed in our study, as students performed better
with SIM than with LEC, regardless of which method
they received first.

In our study, the frequency and types of questions
students asked were quite different between the SIM and
LEC groups. For example, during the LEC training,
typical questions were “What are the inferior leads on the
ECG?” or “How many millimeters of ST change is
important?” In the SIM-based training, students asked
similar content questions but frequently added highly
practical questions like “Do you give oxygen via mask or
nasal cannula? How many liters?,” “Which size IV
should we use?,” and “In what part of the body should I
put the epinephrine?” (for anaphylaxis cases). These
types of questions were never asked during the lecture
sessions. The differences in questions suggest different
learning pathways being activated and likely account for
the improved scores. Aside from the high-fidelity hu-
man mannequin, the SIM scenario used real equipment
such as laryngoscopes, intravenous tubing, endotra-
cheal tubes, and cardiac monitors. We believe these
physical stimuli allow the student to activate visual,

auditory, and tactile learning pathways that a didactic
lecture cannot. A structured literature review on high-
fidelity patient simulators for EM teaching concluded
that the greatest impact of simulators would be to
teach skills that cannot easily be taught any other way
in a clinical setting, due to either their complexity or
their rarity (23).

The delivery of medical education should be as di-
verse as the learning styles of the students consuming it,
and should draw upon the strengths of all learning mo-
dalities. SIM-, LEC-, and problem/case-based learning
have varying strengths and weaknesses. It is likely that
the optimal way to deliver medical education is a com-
bination of these teaching modalities. We must work to
determine what information and skills are best taught by
each of these modalities. This study found that SIM-
based training was superior to LEC teaching for the
assessment and management of critically ill MI and
anaphylaxis patients.

Limitations

Our study has several limitations. We did not perform
baseline assessments of the medical students on a SIM
case before intervention. Thus, we are unable to deter-
mine the magnitude of change in baseline knowledge
or performance provided by LEC or SIM training.
However, literature already exists that shows that sim-
ulation can improve baseline scores (20,24). In our
study, we sought only to answer whether LEC or SIM
was more effective for training, which our data allow
us to evaluate.

The LEC, SIM training sessions, and student assess-
ments were performed by non-blinded physicians. We
attempted to minimize this potential bias by creating an
advisory committee consisting of six emergency physi-
cians to guide and review the learning objectives, lecture,
and assessment tools. Further, we used a standard check-
list for scoring students’ performance. Twenty-five per-
cent of SIM evaluation sessions were scored simultane-
ously by another EM faculty member and there were no
differences in scoring.

In our study, student evaluations were conducted
during a SIM scenario. Would SIM training have been
more effective than LEC had students been evaluated
on a more traditional written examination? Our study
cannot determine this. We considered that perfor-
mance on a simulator more closely mirrors perfor-
mance on an actual patient than do standard paper
tests, and chose to test students according to this
supposition. A primary goal of fourth-year medical
education is to convert learned knowledge into pa-

tient-focused action. We argue that, aside from direct
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supervision of real cases (which is not safe for critical
patients), assessment on a simulator would be pre-
ferred to determine competency of fourth-year stu-
dents. We suspect that SIM-based training actually pro-
motes the rapid translation of knowledge (“knows”) into
reasoned action (“does”), a leap of cognition that is poorly
assessed by written testing (24).

We did not attempt to determine whether perfor-
mance on the simulator translates into improved per-
formance in real clinical settings. There are a few
studies linking human patient SIM with actual patient
outcomes. In a randomized controlled trial, Hall et al.
found that when tested on intubating real patients in
the operating room, paramedic students who were
trained on a simulator were as effective as students
trained on human subjects (25). In a retrospective
case-control study, Wayne et al. reported that SIM-
trained residents showed significantly higher adher-
ence to American Heart Association standards when
compared to traditionally trained residents during real
Advanced Cardiac Life Support events in the hospital
(26). These data suggest that performance on SIM may
translate favorably to patient care.

Finally, as the testing occurred immediately after the
teaching sessions, we cannot determine which teaching
method leads to better long-term retention of knowledge
and skills.

CONCLUSION

n our prospective, randomized, non-blinded crossover
tudy, we demonstrated that simulation-based training
s superior to didactic lecture for teaching fourth-year
edical students the assessment and management of

ritically ill MI and anaphylaxis patients. Future stud-
es should focus on long-term retention of acquired
kills and whether success on simulation-based train-
ng translates to improved patient outcomes in real
linical settings.
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APPENDIX 1

Critical care management skills test
Case 1: Chest pain (54 points)

History (10 points)

❑ Pain [1]
❑ Quality [1]
❑ Radiation [1]
❑ Severity [1]
❑ Temporal aspects [1]
❑ Other symptoms (i.e. sob) [1]
❑ Past medical history [1]
❑ Medications [1]
❑ Allergies [1]
❑ Past surgical history [1]

hysical (20 points)

❑ Assess airway [1]
❑ Breathing/breath sounds [3]
❑ Pulse oximetry [3]
❑ Respiratory rate [1]
❑ Cardiac exam [3]
❑ Blood pressure [3]
❑ Pulse [2]
❑ Abdominal eval [1]
❑ Neck for JVD [1]
❑ Extremity eval [1]
❑ Skin [1]

iagnostic evaluation (11 points)

❑ ECG [3]
❑ CXR [2]
❑ Cardiac enzymes [3]
❑ CBC [1]
❑ BMP [1]
❑ Coags [1]

anagement (13 points)

❑ Oxygen [2]
❑ Nitroglycerin [1]
❑ ASA [2]
❑ Morphine [1]

❑ IV w/ fluid bolus [1]
❑ Monitor [1]
❑ Beta-blocker [2]
❑ Cardiology consult vs cath lab [3]

APPENDIX 2

Critical care management skills test
Case 2: Shortness of breath (47 points)

History (10 points)

❑ Symptom duration [1]
❑ Inciting factors [2]
❑ Airway management questions (i.e. sob) [2]
❑ Other symptoms [1]
❑ Past medical history [1]
❑ Medications [1]
❑ Allergies [2]

Physical (15)

❑ Airway assessment [3]
❑ Breath sounds [3]
❑ Pulse oximetry [3]
❑ Respiratory rate [2]
❑ Cardiac exam [1]
❑ Blood pressure [1]
❑ Pulse [1]
❑ Extremity/skin [1]

Diagnostic evaluation (0 points)

Management (22 points)

❑ Epinephrine [3]
❑ Oxygen (mask or intubation) [3]
❑ H1 blocker [2]
❑ H2 blocker [1]
❑ Steroids [2]
❑ IV with fluids [3]
❑ Monitor [1]
❑ Albuterol nebs [1]
❑ Observation [1]
❑ Notify PMD [1]
❑ Bracelet [1]
❑ Epi-pen Rx [1]

❑ Remove stinger [2]
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ARTICLE SUMMARY
1. Why is this topic important?

With forty-four to ninety-eight thousand patient deaths
attributable to preventable errors each year in the United
States, the Institute of Medicine report To Err is Human:
Building a Safer Health System, offers simulation as one
way to address this public health problem. Simulation
allows healthcare professionals in training the oppor-
tunity to manage high risk, low frequency cases in a
learner-oriented environment that is void of patient
risk, thereby minimizing the opportunity for error in
real practice.
2. What does this study attempt to show?

This study attempts to show any differences in fourth-
year medical students’ ability to assess and manage crit-
ically ill patients when trained with a human patient
simulator, as opposed to traditional didactic lecture.
3. What are the key findings?

Simulation training is superior to didactic lecture for
teaching fourth-year medical students to assess and man-
age simulated critically ill myocardial infarction and ana-
phylaxis patients. Simulation trained students scored 22%
higher than students trained via traditional lecture.
Ninety-six percent of the students performed better on
assessment and management of critically ill simulated
patients when trained with simulation compared with
lecture.
4. How is patient care impacted?

Producing a healthcare workforce that is better
equipped to manage critically ill patients may decrease
patient mortality. Training on human patient simulators
for high acuity, low frequency cases provides healthcare
professionals the opportunity to manage these cases with-
out putting patients as risk. Human patient simulation
provides the opportunity to review errors that are made in
case scenarios in effort to systematically resolve any
issues even before trainees take care of their first live
patient.
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